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ABSTRACT 

Systemic Lupus Erythematosus (SLE) is a complex autoimmune disease 

characterized by high titers of IgG autoantibodies. Although the exact cause of SLE 

remains unknown, viruses are thought to play important roles in the etiology and 

pathogenesis of lupus. HTLV-1 Related Endogenous Sequence (HRES-1), a human 

endogenous retrovirus, produces 2 retroviral-like Gag capsid proteins (p8 and p15 

proteins) that share significant sequence homology to the U1-subunit of the small 

ribonucleoprotein complex (U1sn-RNP), a defined autoantigen of lupus. The central 

hypothesis is that antigenic or molecular mimicry between HRES-1 and U1sn-RNP 

serves as a priming event in SLE via the production of cross-reactive autoantibodies. 

Pathology occurs upon the formation of HRES/U1sn-RNP and anti-HRES/U1sn-RNP 

antibody immune complexes. This results in the recruitment of inflammatory cells, 

chemokines and cytokines, complement activation and the deposition of activated 

immune complexes in tissues such as the kidney and skin.  

Anti-HRES-1/U1sn-RNP serological responses in subjects with SLE and 

comparison populations were characterized. A comparative analysis of SLE serological 

activity against numerous retroviral antigens and lupus-associated autoantigens was 

performed. The primary techniques used were ELISA and immunohistochemistry. 

Through the use of an overlapping peptide set mapping the complete open reading frames 

of the HRES-1 p8 and p15 proteins, we found that SLE subjects produce IgG to several 

regions of HRES-1. Interestingly, none of the healthy subjects or those with RA, HIV-1-
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infection, or HTLV-1-infection produced anti-HRES-1 IgG. This suggests that the 

immune response to HRES-1 is unique to lupus. Together with our results showing the 

presence of anti-HRES-1 antibodies in immune complexes deposited in the kidneys of 6 

patients with SLE glomerulonephritis, our data suggests that HRES-1 plays an active role 

in the etiology and pathology of SLE by means of a molecular mimicry mechanism with 

U1sn-RNP. These results establish the foundation for a new generation of biological 

treatments and diagnostics that target retroviral agents involved in the onset and 

progression of SLE.  

 

.  
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INTRODUCTION 

The Immune System 

 The immune system is complex network of cells and molecules trained to 

recognize invading pathogenic substances and effectively fight against disease causing 

agents. Overall, the immune system is important for the recognition of antigen and the 

removal of foreign substances. The immune system is composed of several cell types  

arising from the hematopoietic stem cell. Immunomodulatory cells such as T-cells and B-

cells are from the lymphoid lineage and these cell types develop in the thymus and bone 

marrow, respectively. They are key players of the adaptive immune response, which 

leads to the effective removal of foreign substances by the production of antibodies and 

immunomodulatory molecules. Neutrophils, basophils, monocytes, macrophages and 

dendritic cells are derived from the myeloid lineage and are important during the innate 

immune response. Innate immunity is important in the first line of defense against 

infections. Cells of this lineage recruit other immune cells to sites of infection and 

activate inflammatory cascades which help remove foreign substances from the 

circulation. Innate immune cells like phagocytes and macrophages have the ability to 

phagocytose antigen. Other cells like eosinophils and basophils secrete highly toxic 

proteins and free radicals that kill bacteria and parasites. Together, these cell types 

protect the host against disease.  

 Cells from both the lymphoid and myeloid lineages play a role in generating 

immunological memory. Immunological memory is defined as the immune system’s 
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ability to recognize an antigen (during a secondary infection) due to the activation of B-

cells or T-cells that are already specific for that antigen. This allows the host to mount an 

immune response more swiftly to the antigen due to an already established recognition of 

the specific antigen. Although B-cells and T-cells play an essential role in the generation 

of immunological memory, their effector and regulatory functions must be maintained. 

This ensures that the immune system is able to recognize foreign material without 

targeting self.  

  Central tolerance, or the ability for molecules and cells of the immune system to 

target invading foreign antigen but not molecules of self, is established during B and T 

lymphocyte development. During development, B-cells and T-cells undergo a series of 

gene rearrangements to maintain the diversity of antigen receptors expressed on these cell 

types. Once an antigen receptor is formed, B-cells and T-cells undergo a series of 

rigorous tests to ensure that their receptors can recognize pathogen without reacting 

against the host’s own cells. It is essential that the antigen recognition receptors, the T-

cell receptor (TCR) on T-cells and the B-cell receptor (BCR) on B-cells, are able to 

recognize any antigen encountered throughout the lifetime of the host. The specificities 

and affinities of these lymphocyte receptors must be tested against self-antigen to 

determine whether the B-cell or T-cell will thrive or die in the periphery. Positive 

selection is crucial for the proper development of T-cells and B-cells. T-cells must 

simultaneously recognize antigen molecules and interact with the major 

histocompatibility complex (MHC) on antigen presenting cells. Positive selection for T-

cells occurs in the thymus, where developing T-cells are exposed to cortical thymic 
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epithelial cells that express self-MHC. T-cells that do not bind to these self-MHC 

molecules are deleted as the positive selection procedure selects T-cells that recognize 

self-MHC class I. Contrastingly, lymphocytes with high affinity receptors for self are 

removed by clonal deletion during negative selection. This positive and negative 

selection process is necessary and fundamental for the establishment of central-tolerance. 

Peripheral tolerance is also a developmental process preventing autoantigen reactivity. 

This occurs after T and B-cells mature and enter the circulation. Autoreactive peripheral 

cells that respond to antigen in the absence of co-stimulatory signals or in the presence of 

co-inhibitory signals are removed from the periphery to prevent autoreactivity. Peripheral 

tolerance is an active process, occurring throughout the lifetime of the host, since mature 

T-cells and B-cells in the periphery are constantly being monitored for potentially 

autoreactive behavior. Peripheral tolerance plays a significant role in establishing 

mucosal immunity. The mucosal immune system protects an organism’s mucosal 

surfaces from invasion by potentially pathogenic microbes. Some of these surfaces 

include the respiratory and gastrointestinal tissues, which are continuously exposed to the 

environment and foreign antigens. These antigens normally do not incite an adaptive 

immune response. The immune system has evolved mechanisms to avoid an over-active 

immune response to common antigens. It has the ability to induce a state of peripheral 

tolerance over repeated exposure to these antigens. B-cells and T-cells with highly 

reactive receptors to common mucosal antigens are induced to enter an anergic or 

dormant state, thereby maintaining peripheral tolerance.  
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Autoimmune Disease 

 Autoimmune disorders occur when there are disturbances in the processes that 

maintain tolerance. Well over 100 forms of autoimmune disease have been described. 

They are often associated with an increased repertoire of cells with host-antigen reactivity 

and/or cross-reactivity. Although their etiologies differ, it is generally accepted that a 

combination of genetic, viral and environmental factors are involved in the development 

of systemic autoimmune diseases including lupus 1–13. Studies from identical twins show 

the importance of environmental factors in the development of autoimmune diseases such 

as Systemic Lupus Erythematosus (SLE), the autoimmune disease that is the central 

focus of our study. Depean et. al. studied 107 twin pairs diagnosed with lupus , according 

to the American College of Rheumatology 1982 revised criteria14. They reported that 

24% of monozygotic (MZ) twin pairs (N=45) and only 2% of dizygotic (DZ) twin pairs 

(N=62) were concordant for the development of SLE disease. The low concordance rates  

in twin pairs strongly suggests that other environmental factors contribute to the 

development of lupus 14,15. 

The Etiology of Systemic Lupus Erythematosus (SLE) 

 Systemic lupus erythematosus (SLE) is a systemic autoimmune disease 

characterized by chronic IgG production against numerous self-antigens. The Lupus 

Foundation of America reports that approximately 1.5 to 2 million Americans live with 

SLE. Greater than 16,000 new cases of lupus are reported annually across the United 

States. Within the state of Arizona, approximately 45,000 individuals have a confirmed 
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diagnosis of SLE (AZ State Census Data). It is known that approximately 5 million 

people around the world have some form of lupus. Due to the challenges faced in 

diagnosing lupus, the prevalence of lupus is underestimated. Ninety percent of cases 

occur in women; however, men, children and teenagers may also develop lupus. An 

increased prevalence of lupus in women suggests that the sex hormone estrogen plays a 

role in the disease. Differences in disease distribution across ethnic groups are also 

evident, with more than 40% of all SLE cases occurring in African-Americans. African 

American women are three-times more likely to be diagnosed with lupus than Caucasian 

women 16. They tend to develop the disease at a younger age than Caucasian women. 

Additionally, they tend to present with more serious complications.  

Diagnosis of SLE 

Many of the clinical manifestations of SLE are driven by systemic inflammation. 

For example, inflammation in the kidneys may lead to impaired kidney function, whereas 

inflammation in the joints results in arthritis. The main organ systems typically effected 

in SLE are shown in Figure 1, derived from The University of Maryland Medical Center 

to portray the organs typically involved in SLE 17. Many lupus symptoms and clinical 

presentations are similar to those found in other diseases and infections. Furthermore, 

since there are no lupus specific laboratory tests, the disease is difficult to diagnose. A 

diagnosis is typically made by a rheumatologist using the American College of 

Rheumatology (ACR) criterion (See APPENDIX Figure 1). The ACR criterion for a 

diagnosis of SLE is derived from the Tan et. al. criteria that was originally developed in 
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1982. An SLE diagnosis is made by a rheumatologist when at least 4 of the 11 lupus 

criteria are positive.  In addition to physical evidence such as the malar butterfly rash, 

laboratory evidence for an SLE diagnosis may include low white blood cell count, anti-

double stranded DNA (anti-dsDNA) autoantibodies and elevated systemic inflammatory 

molecules (CRP, ESR). The severity of lupus is dependent upon the organ system or 

number of organs involved. Each case of lupus is unique and patients will experience an 

array of different symptoms. The more organ systems involved in the disease, the greater 

the disease severity.     
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Figure 1. The University of Maryland Medical Center Depiction of Organs Involved 
in Lupus. Lupus is known to affect numerous organs and organ systems. The butterfly 
rash depicted is described as a hallmark dermatologic marker of lupus. Additionally, 
persistent inflammatory processes resulting from autoantibody production can result in 
lupus nephritis, or the inflammation and hardening of the capillaries located in the 
kidneys due to antibody complex deposition. Common heart associated symptoms 
include pericarditis, or the inflammation of the pericardium, a sac containing the heart. 
Pleural effusions result from excess fluid accumulation between the two the fluid-filled 
spaces that surround the lungs. Raynaud’s phenomenon induced by blood vessel spasms 
may result from abnormal nerve control of blood-vessel diameter and nerve sensitivity to 
cold and stress.  

Immunological Factors Contributing to SLE 

 Lupus patients tend to have a variety of inflammatory pathologies including 

glomerulonephritis (GN), arthritis, pericarditis, and pleuritis18. Lupus pathologies occur 

due to antibody:autoantigen immune complex formation and deposition in the basement 

membranes of numerous tissue types. Complex deposition in these tissue types results in 
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an infiltration of immune cells including monocytes, macrophages, T-cells, and B-cells. 

These cells release pro-inflammatory cytokines such as IL-1 and TNF-α that incite a 

series of inflammatory cascades potentially leading to progressive destruction of tissues. 

A hallmark feature of the disease includes the production of autoantibodies to three 

nuclear components involved in the transcription and processing of RNA. These 

components include the spliceosome, the nucleosome, and the small ribonucleoprotein 

complex (snRNP) 6,19–21. These autoantibodies are examples of as anti-nuclear antibodies 

(ANAs). Autoreactive antibodies to phospholipids and the system responsible for the 

natural anticoagulation process are also key to SLE 6. Increased titers of anti-

phospholipid antibodies (aPL) are found in the sera of patients with systemic lupus 

erythematosus (SLE) and anti-phospholipid syndrome (APS) 22–25. Cardiolipin (CL), a 

negatively charged phospholipid (PL), is commonly targeted in lupus patients 11. 

Additionally, research has demonstrated that processes including the defective clearance 

of dying cells and the production of nuclear auto-antigens generate autoantibodies 

capable of triggering and maintaining SLE 11. 

 It is believed that an increase in the presence of IgG autoantibodies in lupus 

results from the loss of immunological tolerance in both the B- and T-lymphocyte cell 

populations 18,26. High titers of IgG autoantibodies, which arise in part from uncontrolled 

B-cell activation and the formation of immune complexes, leads to a myriad of tissue 

pathologies.  Some of these pathologies include glomerulonephritis and heart disease 

associated with ANAs. Thrombosis is associated with the presence of anti-cardiolipin 

antibodies, a phospholipid lining the surface of all blood vessels 11,18. Similarly, when the 
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regulatory functions of certain cell subsets are altered and cytokines increasing antibody 

secretion are produced, B and T-cell subsets with receptors specific for autoantigens have 

the ability to expand. Autoreactive B and T-cells specific for the same antigen function 

together to amplify the autoreactive responses seen in lupus patients. This process is 

known as epitope spreading. For example, a BCR specific for a given antigen binds its’ 

antigen, processes the antigen through the MHC Class I pathway and displays the 

processed antigen to T-cells. This leads to the development of a new T-cell and B-cell 

specific for the processed antigen. This priming event produces a diverse and clonally 

expanded repertoire of autoreactive T-cells and B-cells. The initial immune response 

evolves to create new antigen receptors that often are cross-reactive with the initial 

priming antigen. Thus, multiple forms of the autoantigen are recognized. A 

comprehensive review of the immunological factors contributing to SLE is summarized 

in Table 1.  
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Table 1. Components of the Immune System Contributing to SLE. 
 

Immunological Cellular Influences: 

• Aberrant receptor editing and deletion of autoreactive B and T-cells. 
• Increased T-cell helper function for stimulating autoreactive B-cell growth and 

expansion. 
• Altered B-cell subsets with reduced threshold for activation. 
• Loss/reduced function of regulatory T-cell subsets. 
• TLR 7,8, 9 mediated autoreactivity by nucleic acid recognition. 

Autoantibody Production: 

• Production of anti-nuclear antibodies (ANA) including but not limited to the 
spliceosome, nucleosome and U1sn-RNP complex. 

• Anti-phospholipid antibodies, which increase autoreactivity to numerous cellular 
membranes and tissue types. 

• Autoantibodies to numerous intracellular, extracellular and tissue components. 

Immunomodulatory Molecular Influences: 

• Alteration in the expression of cytokines such as IL-6 and CD40L, which alter the 
secretion of antibody from B-cells. 

• Increase in the expression of B-cell stimulating and growth factors, as well as pro-
inflammatory cytokines. 

• T-cell secretion of IFN-γ, and DC stimulation of B-cell production. 

Changes in the homeostatic milieu between diverse classes of immune cells 

contribute to SLE by enabling unregulated inflammatory signaling. Lymphocytes or 

soluble immunomodulatory molecules known as cytokines and chemokines often 

perpetuate cross-reactivity to autoantigen. This results in the continuation and 

magnification of the autoreactivity, which contributes to the pathological destruction of 

involved organs 27. Monocytes and macrophages also contribute to disease activity 

through the ample production of pro-inflammatory cytokines and chemokines. The 

regulatory functions of immune molecules known to suppress host autoreactivity are 
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often diminished in lupus, leading to continued autoreactivity and pathology. Chronic 

immune activity to autoantigens eventually alters the integrity of tissues and organ 

systems and promotes the clinical symptoms commonly associated with SLE.  

Current Treatment Options for SLE 

 Numerous immunosuppressive and chemotherapeutic agents such as cytotoxan 

and glucocorticoids are used in the treatment of lupus. Many immune suppressive 

chemotherapeutic drugs have been adopted from the oncology field. Numerous side 

effects and secondary contraindications due to their systemic immunosuppressive effects 

are associated with these drugs. A variety of non-steroidal anti-inflammatory medications 

are used in the treatment of SLE. To date, only 4 medications are approved by the FDA 

for SLE: aspirin, glucosteroids, hydroxychloroquine (Plaqenil), and Belimumab. These 

medications reduce systemic inflammation and suppress the hyperactive immune 

response. Belimumab (Benlysta) is the only medication with an FDA approval that was 

specifically developed for the treatment of SLE.  Numerous B-cell, cytokine and 

lymphocyte targeted therapies are currently being investigated in Phase II and III drug 

studies. Thus, numerous medications developed for the SLE disease process are expected 

to receive FDA approval in the next 3-5 years 17,18,28.  

Benlysta targets the B-cell stimulating factor known as BLyS. B-lymphocyte 

stimulator (BLyS) and APRIL (A PRoliferation- Inducing Ligand) are important in 

stimulating B-cell development and growth especially in transitional and germinal center 

B cells, which are B-cell subsets known to be abnormally high in SLE. An 
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overexpression of BLyS in murine models promotes the development of lupus-like 

autoimmune disease with kidney associated pathologies, the production of ANAs and an 

increase in proinflammatory cytokine production 29. Similarly, positive correlations 

between BLyS/APRIL levels and titers of anti-DNA autoantibodies have been reported in 

SLE patients. Further, genetically modified mice that are deficient in BLyS demonstrated 

a reduction in the levels of circulating B-cells and lower IgG titers 29. As a result, B-cell 

growth factors are now key therapeutic targets for SLE due to their ability to directly 

regulate the expansion of B-cell populations. These agents act by binding soluble BLyS, 

thereby making it unavailable to B-cells as a growth factor. Benlysta, one of the first 

drugs approved for the treatment of SLE in over 50 years and the first drug ever designed 

for SLE, is a human monoclonal antibody to BLyS. Benlysta inhibits the biological 

activity of BLyS by neutralizing BLyS and reducing the numbers of circulating B 

lymphocytes 18,26,29.  

 Due to the limited number of targeted treatments available for lupus, it is 

important that the scientific community continue to explore the etiological factors 

contributing to the pathogenesis of this potentially devastating disease. As the research 

continues, it is becoming increasingly clear that other factors besides immune 

abnormalities contribute to lupus disease pathogenesis, data suggesting a significant role 

of exogenous factors in the etiopathogenesis of the disease 30. Exploring these factors 

may be important for the development of more targeted diagnostics and lupus specific 

treatments.  



 
23 

A Retroviral Link to SLE 

Environmental factors including viral infection play a significant role in the 

development of SLE. Specifically, retroviruses were first associated with SLE in 1974 

when Yoshiki et. al 31 identified two major viral proteins, gp70 and p30 Gag capsid 

protein of the Moloney murine leukemia virus (MoMuLV) in immune complexes 

deposited in the glomeruli of New Zealand mice (NZB x NZW, F1 hybrids), a well 

established animal model for lupus. High concentrations of the viral envelope 

glycoprotein 70 were detected in the spleen and serum of the mice and were 10-fold 

greater (in the spleen) when compared to the C57BL/6 mice controls. The extent of gp70 

deposition in the kidneys was related to the severity of the glomerulonephritis, suggesting 

that viral glycoproteins may play a role in lupus tissue pathologies 31. Virion-like 

tubuloreticular structures in endothelial cells and lymphocytes of patients with lupus 

further confirmed the possibility of a retroviral association in the etiology of lupus 10,24,30. 

Elevated serum levels of the anti-viral type I IFNs were also characterized in these 

patients, suggesting that viral infection or activation played a role in the disease.  

SLE patients have also been shown to express antibodies to the Gag, Env, Nef, 

and the Gag capsid retroviral antigens of both human T-cell leukemia virus-I (HTLV-I) 

and the human immunodeficiency virus-1 (HIV-1) without prior retroviral 9,32. Deas et. 

al.33 further characterized of the retroviral Gag capsid antibody recognition by enzyme-

linked immunosorbent assay (ELISA) to peptides fragments representing the Gag capsid 

protein. SLE patients had increased reactivity to characteristic peptides of the protein 
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when compared to patients with other associated autoimmune diseases. The specificity of 

SLE patient responses to the peptides highlighted a nonrandom cross-reactivity between 

the SLE antibodies and the HIV-1 Gag capsid antigen 33. The author’s in Ranki et. al.34 

support findings by confirming the presence of antibodies to HIV-1 Gag proteins in 64% 

of patients with SLE, 63% of patients with discoid lupus erythematosus (DLE), and 75% 

of patients with mixed connective tissue disease 34. Remarkably, correlations between 

retroviral antibodies and autoantibodies against lupus-specific autoantigens were 

confirmed by Talal et.al 32, who demonstrated that 35% of SLE patients with antibodies 

to the retroviral Gag capsid proteins also had autoantibody titers to Sm, a snRNP 

involved in the formation of messenger RNA. Talal et. al. suggested a molecular mimicry 

mechanism between Sm and retroviral Gag capsid antigens, since competitive binding 

experiments demonstrated that Sm was able to inhibit the binding of the Gag capsid 

protein, and the Gag protein inhibited Sm binding in 60% of cases 32. Although the extent 

of cross inhibition was limited (18-45%), the presence of antibodies against both proteins 

in lupus patients suggests a possible molecular mimicry mechanism for retroviral-

associated induction of autoantigens. 

 Molecular mimicry is defined as conserved sequence homologies between a 

host’s self-molecules and a retroviral antigen that is sufficient to result in the production 

of cross-reactive autoantibodies to molecules of self 7. Infection by HTLV-1, the first 

human retrovirus discovered, was shown to trigger adult T-cell leukemia, as well as 

HTLV-1 associated myelopathy/tropical spastic paraparesis, similar in biological etiology 

to MS 6,13,35. Molecular mimicry by a series of peptide products from the human 
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parvovirus B19 is also important for the onset of autoimmune diseases such as SLE and 

RA 36. It is clear that retroviruses play a role in lupus by means of molecular mimicry 

mechanisms that enable the pathogenic agents to behave as antigenic host molecules. The 

inability of immune molecules to distinguish the two components perpetuates auto-

destructive cellular behaviors resulting in disease pathologies. A summary of evidence 

linking retroviruses to autoimmune disease etiology and pathology is provided in Table 

2. 

Table 2. Evidence Supporting the Role of Retroviruses in SLE.  

Evidences 

Detection of retroviral antigens, sequences and antibodies in patients with SLE. 

Evidence of molecular mimicry between retroviral antigens and lupus specific autoantigens 
including Sm proteins and ribonucleoprotein sn-RNPs. 

Retroviral antigen induction of immune abnormalities by activating B-cell and T-cell pools for 
autoantibody production. 

Retroviral particles observed by electron microscopy in tissue from patients with SLE. 

 

Human Endogenous Retroviruses (HERVs) 

 Research suggests that HERVs play a role in the etiopathogenesis of numerous 

autoimmune diseases, including SLE 2,6,8,10,37 . HERVs are non-infectious members of the 

retroviridae family. They comprise approximately 8% of the human genome 10. HERVs 
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first integrated into the human genome 30–40 million years ago from Old World primates 

and are commonly referred to as “fossil viruses”, since they are trapped in the genome 

and are unable to incite infection 6,10,38–40. They are transmitted in a Mendelian fashion 

and inherited from parental DNA. 

 In 1981, Martin et al. cloned the first HERV 41. Over the past few decades, more 

than 26 families of HERVs have been studied by genomic sequencing 10. Classification 

schemes have been developed to associate HERVs into categories based on their 

sequence similarity to the pol region of similar infectious retroviruses 2,4,6,10,42. Each 

classification category is further divided into numerous subgroups based on the 

specificity of the HERVs tRNA primer-binding site. Class I HERVs, which include 

HERV-E, HERV-R, HERV-H, and HERV-W, are very similar to Gammaretroviruses 

like MoMuLV. HERV-K members belong to Class II HERVs and are related to 

Betaretroviruses such as the mouse mammary tumor virus. The Class III HERVs are 

distantly related to Spumaviruses and include HERV-L and HERV-S. Table 3 

summarizes the different classes of HERVs 2,43. The oldest HERVs present amongst the 

primate lineages include those in the class I and class III groups 42. Class II HERVs retain 

loci that are restricted to chimpanzees and humans. Evidence suggests that few proviruses 

of the HERV-K (HLM-2) subgroup are specific to humans, demonstrating that these 

Class II viruses have been predominantly active during the last 5 million years. Although 

most HERVs are defective due to mutations and deletions in their genetic material, a few 

still retain the ability to produce viral products like Human T-cell Leukemia Virus Type-I 
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Related Endogenous Sequence (HRES-1), thought to produce 2 Gag capsid proteins that 

play a role in SLE 10,30,44.  

Table 3. Classification of HERV families. 

                        

Like exogenous retroviruses, HERVs are composed of a gag, pol, and env region 

sandwiched between two long terminal repeats (LTRs) (Figure 2). LTRs are repetitive 

regions of DNA and are used by retroviruses for the insertion of the viral genetic 

machinery into the host genome. The gag, pol and env genes encode the inner core capsid 
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polyprotein, a reverse transcriptase and an envelope protein, respectively. Transcription 

of the gag, pol, and env retroviral genes is regulated by promoter and enhancer regions 

located in the LTRs both upstream and downstream of the genes. Understanding the 

evolutionary relationship between the relative position of these HERVs in the human 

genome and their potential for transcription and translation is a predominant area of study 

in HERV biology.   

                         

Figure 2. Genomic organization of retroviral elements. Similar genetic information 
and organization is shared amongst the 4 groups of retroviral elements, the exogenous 
retroviruses, HERVs, retrotransposons, and retroposons. The retroviral group antigen 
specific gene (gag), the polymerase gene (pol) and the envelope gene (env) are flanked 
by long terminal repeats (LTRs) on both the 5’ and 3’ ends. Retrotransposons lack the 
env gene, hindering them from penetrating the host membrane and consequently are non-
infectious. The retroposons family consist of the LINEs and SINEs. LINEs have genes 
for a promoter (P), an open reading frame (ORF1), RNA polymerase II (pol), and a 
polyA tail (AAAA) at their 3’ end. SINEs have a promoter (P), a tRNA site and a polyA 
tail. SINEs do not encode genes for a functional polymerase molecule and therefore rely 
on other mobile elements for replication.  

Only a few HERVs are transcriptionally active. Members of the HERV-K family 

are transcriptionally active and able to produce viral particles. As one of the most 
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transcriptionally active groups of HERVs, these viruses contain open reading frames 

(ORFs) that encode viral products 30 . Another example of a HERV with a known 

function is HERV-W. The polypeptide encoded by the HERV-W env gene contains all of 

the essential features exhibited by exogenous retroviral envelope proteins to promote 

membrane fusion. Blond et. al. analyzed the fusogenic properties of HERV-W by forcing 

its expression in vitro. They demonstrated that the HERV-W glycoprotein is highly 

fusogenic and therefore may play a role in the formation of the synctiotrophoblast cell 

layer during placental development. During pregnancy, the syncytiotrophoblast layer 

comes into close contact with the maternal extracellular environment to induce proper 

placental development. Numerous endogenous retroviral particles have been identified in 

the placenta and are thought to play a role in preventing maternal immune rejection of the 

fetus and maintaining proper placental function 44. The biological significance and 

function of HERVs is relatively poorly understood. However, they are believed to play a 

role in the pathogenesis of several rheumatic autoimmune diseases including SLE. 

The Functional Role of HERVs in Autoimmune Disease  

  Numerous HERVs have been implicated in SLE due to their ability to cause 

immune dysregulation by Insertional mutagenesis into essential immune system genes by 

acting as superantigens and by promoting autoreactivity by molecular mimicry 6,7,10,30,45. 

HERVs and retrotransposable elements in the DNA are highly mobile elements, and can 

cause immune dysregulation by insertional mutagenesis or transactivation of cellular 

genes. 



 
30 

Insertional Mutagenesis 

  HERV-K10 is known to have an integration site within the complement C2 gene, 

a gene responsible for the activation of complement proteins 6,10,30. This is of particular 

importance in the pathogenesis of SLE, where complement deficiency is often associated 

with clinically active disease. For example, deficiencies in the C4 complement loci 

affecting either C4A or C4B complement expression are confirmed risk factors for the 

development of lupus 46. A correlation between complete C4 deficiency, increased kidney 

disease and high titers of ANAs has been identified in SLE patients. In addition to genetic 

complement deficiencies, acquired complement deficiency occurs by the formation of 

autoantigen:antibody immune complexes. In this situation, soluble complement factors 

associate with immune complexes, which thereby reduce the circulating levels of 

complement proteins. This may hinder the removal of infectious organisms from the 

periphery. Pathologies occur when immune complexes precipitate and/or deposit in 

tissues. Tissue pathologies associated with complex deposition are characteristically seen 

in lupus glomerulonephritis. HERV genomic integrations have also been identified in 

human MHC genes. This gene locus is an ideal target for HERV integration due to its 

high level of transcriptional activity. Sixteen distinct HERV sequences were found in the 

α- and β-block regions of the MHC class I molecule 6. Since these HERVs have been 

identified as transcriptionally active in various cell types, it is conceivable that their 

integration into cellular genes involved in immune regulation may predispose an 

individual to autoimmune disease.  
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Cytokine Modulation 

Changes in the activation and expression of cytokine cascades have also been 

observed as a result of HERV protein expression. A synthetic peptide (CKS-17) similar 

in sequence to the transmembrane domain of the conserved Env protein shared amongst 

many HERVs has potent immunosuppressive properties by reducing the production of 

pro-inflammatory cytokines 24,30. Increased HERV expression are reported in the 

pancreatic Beta-cells of a non-obese diabetic (NOD) mice susceptible to autoimmune 

diabetes as a result of IL-1 production 47.  Similarly, IL-1 and TNF-α stimulate the 

transcription of HERV-R in human vascular endothelial cells 30. Autoimmune patients 

with lupus demonstrate persistent fluctuations in cytokine profiles depending upon the 

state of the disease. HERV expression may play an essential role in the modulation of 

cytokine signals that promote cross-reactivity with host antigens.  

Superantigen 

Endogenous retroviral proteins may also behave as superantigens and prompt an 

excessive production of cytokines that systemically favor autoimmune disease. 

Superantigens are defined as antigens that potently activate helper T-cells and lead to an 

extreme production of cytokines. For instance, HERV-K18 possesses superantigen 

activity and its expression is elevated in patients with juvenile idiopathic arthritis 10,30. 

Unwarranted self-reactivity may arise when an HERV is able to behave as a superantigen 

and stimulate the expansion of self-reactive T-cells and B-cells.  
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Molecular Mimicry 

Molecular mimicry is thought to be a principal mechanism HERVs use to incite 

autoimmune responses and cause disease. Fundamentally, molecular mimicry occurs 

between an HERV antigen—with sequence or structural similarities to a host molecule—

which promotes a self- reactive immune response. Molecular mimicry induced by 

HERVs leads to the production of anti-retroviral antibodies that cross-react with common 

host antigens and maintain a hyperactive immune response 6,48. A prime example of this 

is in SLE, where the 70kD U1sn-RNP, a defined autoantigen of lupus, has homology and 

cross-reactivity with a Gag capsid protein of Human T-cell Leukemia Virus Type I-

Related Endogenous Sequences (HRES-1). 

HTLV-I Related Endogenous Sequence (HRES-1) in SLE 

HRES-1 was first cloned from a human genomic library. It initially was 

characterized as having a single transcriptionally viable ORF encoding a 28 kDa 

retroviral Gag capsid protein 49. The HRES-1 genomic locus is known to be 

transcriptionally active in lymphoid cells. Genomic regions flanking the 5’ end of the first 

ATG codon in HRES-1 contains a TATA-box, a poly-adenylation signal, a putative 

tRNA primer binding site, and inverted repeats typical of retroviral genomic organization 

38. Phylogenetic analysis of the HRES-1 sequence suggests that it entered the genome as 

an exogenous retrovirus during the Old World primates. It is inserted on the long arm of 

chromosome 1 at position q42 (C1q42), a site identified by multiple independent 

investigators as a lupus susceptibility locus 30,40. Regions in the amino acid sequence 
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encoding the HRES Gag capsid antigen showed significant homology to the Gag proteins 

of human retroviruses. The HRES Gag protein showed 32% homology with the HTLV-1 

Gag protein and a 39% identity with HTLV-2 Gag protein. In a diverse cluster of amino 

acids, the HRES Gag capsid protein shows 28% and 25% similarity with HTLV-1 Gag 

p24 and HTLV-2 Gag p24 respectively 49. 

Additionally, antibodies to the HRES-1 Gag capsid protein have been identified in 

the serum of subjects with SLE. The prevalence of these antibodies in SLE patients was 

52% 40. Contrastingly, only 3.6% of healthy donors and no HIV-infected patients or 

patients with AIDS had HRES-1 antibodies, indicating that antibody expression to 

HRES-1 occurs most exclusively in SLE, but not retrovirally infected patients 40. 

 Other research groups have questioned the ability of the HRES-1 sequence to 

produce a Gag capsid antigen. Perl et. al. 38 proposed that the HRES-1 genomic sequence 

encoded for a single 28kDa Gag capsid protein. In a later study, Lefranc et. al. 50 cloned 

and sequenced the LTR and Gag-related fragments of HRES-1 50. Their results 

challenged Perl’s previous conclusion that a single HRES-1 Gag capsid protein is 

produced. Instead, Lefranc’s et. al. 50 sequence analysis revealed nucleotide insertions 

and deletions generating a series of frameshift mutations. Lefranc et. al. 50 challenged that 

HRES-1 produced a single Gag capsid protein. Instead, in Lefranc’s analysis, a stop 

codon inserted at position 1380 resulted in the generation of three ORFs, potentially 

encoding three Gag-like proteins (p8, p15 and p5) 50. Additionally, the frameshift 

mutation led to 71% homology between the HRES-1 p8 antigen the HTLV-1 p19 antigen.  
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Additions and deletions of G-C nucleotides were also identified on the 5’ end of the 

HERVs gag region. Together, the frameshift mutations and nucleotide insertions and 

deletions did not disrupt the previous homologies described between HRES-1, HTLV-1 

and HTLV-2 in both the LTR and the gag regions of HRES-1 50. 

We conducted a DNA and amino acid sequence comparison of the different 

proposed ORFs for the HRES-1 Gag capsid proteins. By independently aligning the 

sequences reported by Perl (accession X16660) and Lefranc (accession AF216972) with 

a fragment of chromosome 1 from the Genome Reference Consortium (accession 

AL162595) and a sequence from the chimpanzee lineage (accession XM_003949723), 

we were able to develop a consensus sequence for the HRES-1 Gag capsid proteins. The 

consensus sequence for the HRES-1 antigen determined by our analysis is consistent with 

aspects of the sequence proposed by both Perl and LeFranc. We determined that certain 

aspects of the sequence proposed by Perl were incorrect and contained numerous 

deletions and insertions. A stop codon interrupts the Gag capsid reading frame suggested 

by Perl, resulting in the generation of two independent ORFs, p8 and p15. Interestingly, 

however, the HRES-1 Gag capsid sequence (p25) proposed by Perl moves in and out of 

frame with small regions overlapping the p8 and p15 sequences due to single-codon 

frameshift mutations from the deletions and insertions.  

Increased expression of anti-HRES-1 Gag capsid proteins (Adelman p8 and p15) 

antibodies in SLE may serve as an indicator of molecular mimicry between the HRES-1 

antigen and the U1sn-RNP complex. The HRES-1 Gag capsid p15 antigen and the U1sn-
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RNP complex share a retroviral Gag-related region defined by 3 consecutive highly 

charged amino acid residues: RRE (Arg-Arg-Glu). These residues have been previously 

identified as the core of cross-reactive epitopes between HRES- 1 and the HTLV-1 Gag 

capsid antigen 30. Homologies between the HRES-1 Gag capsid protein and the retroviral 

Gag-related region of the 70kD U1sn-RNP complex may facilitate the generation of 

cross-reactive autoantibodies to self-antigen. We hypothesize that molecular mimicry 

between the HRES-1 Gag-like regions of p8 and p15 and the U1sn-RNP complex may 

serve as a priming event for the characteristic autoimmune response directed against 

U1sn-RNP in patients with SLE. 

Our work highlights preliminary data supporting our hypothesis that molecular 

mimicry between HRES-1 and U1sn-RNP leads to the production of anti-HRES-1/U1sn-

RNP antibody complexes in lupus tissue affected by complex deposition. To investigate a 

potential pathology associated with HRES-1 and the production of anti-HRES/U1sn-RNP 

autoantibodies, we used immunohistochemistry to determine if anti-HRES-1 antibodies 

were present in the diseased kidneys of subjects with lupus glomerulonephritis.  

Remarkably, we demonstrate in Figure 3 the presence of anti-HRES-1 antibodies in three 

kidney biopsy sections from SLE patients with WHO class IV lupus glomerulonephritis. 

Glomerulonephritis is characterized by diffuse IgG:complement deposition in the 

subendothelial space in the kidney glomerulus. In advanced disease, diffuse thickening of 

the glomerular capillary wall, which when immunologically stained, reveals the so-called 

“full-house” immunofluorescence. The “full house” stain is a positive staining of IgG and 

other related immunoglobulin and complement factors. All three biopsy segments, 
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labeled A, B, and C, from lupus patients with Class IV glomerulonephritis were stained 

for the presence of HRES-1/U1sn-RNP antibodies by immunofluorescence using a 

fluorescently labeled HRES-1 probe. This probe was TMR labeled HRES-1 peptide 34, 

the region of the HRES-1 p15 Gag capsid protein that shared sequence homology with 

the U1sn-RNP autoantigen of lupus.  

 

Figure 3. SLE renal biopsies stained for antibodies to the U1sn-RNP retroviral Gag 
related region of HRES-1 p15 protein. Three kidney biopsy sections from SLE patients 
with WHO class IV glomerulonephritis were stained for the presence of HRES/U1sn-
RNP antibodies (shown in red). Peptide 34 within overlapping peptide set of the HRES 
p15 protein was modified by the addition of a TMR fluorescent label (5/6-TMR-
GAGDRRREGPDRSPR, or 5/6-TMR-HRESp34). This peptide is an essential segment of 
the HRES-1 p15 protein that shares homology with the Gag-related region of U1sn-RNP. 
Confocal microscopy was used to visualize the peptide, which was incubated with 
acetone-fixed biopsy sections. Bright red staining patterns are visible in the patient’s 
glomeruli, consistent with the location of known immune complex precipitation and 
aggregation. A) Anti-5/6-TMR-HRESp34 positivity: mainly mesangial staining, focal 
segmental distribution, with diffuse proliferation in the basement membranes (clinical 
pathology report: SLE class IV GN with full-house Ig) B) Anti-5/6-TMR-HRESp34 
positivity: mesangial, limited proliferative distribution, indicative of early, but active 
disease (clinical pathology report: SLE class IV GN) and C) Anti-5/6-TMR-HRESp34 
positivity: diffuse proliferative disease with positivity in vessels adjacent to glomeruli 
(clinical pathology report: SLE class IV GN with full-house Ig) 
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Raymond Nagle, MD, PhD, a world renowned expert in kidney pathology, 

assisted with these experiments by providing a pathology report of each renal biopsy 

sample.  The red color in the biopsy images indicates the presence of anti-HRES-1 

antibodies because we directly probed for HRES-1 specific antibodies by using the 

fluorescently labeled peptide 34. We used this approach with the fluorescently labeled 

HRES-1 peptide because we were unable to target the HRES-1 antigen directly in the 

tissue due to lack of anti-HRES-1 monoclonal antibodies raised with p8 and p15 antigen 

specificity. Therefore, we directly searched for anti-HRES-1/U1sn-RNP complexes in 

SLE tissue by staining for peptide 34. The pattern of staining is unique to all 3 tissue 

samples and the observed staining patterns are consistent with the clinical pathology 

report provided for each sample. The staining presented in biopsy samples 3A and 3C are 

consistent with diffuse proliferative disease, characterized by a “full-house” 

immunofluorescent Ig phenomenon.  The sample in 3B demonstrates a limited 

proliferative distribution of the anti-HRES p34 staining, indicative of early, active renal 

disease. Thus, the direct anti-HRES-1/U1sn-RNP antibody staining of the renal biopsy 

specimens is consistent with the level of disease severity suggested by the clinical 

pathology report for each biopsy. An increase in staining is visible during more 

progressive degenerate disease. Additionally, anti-HRES-1 antibody staining was 

performed on tissue from non-glomeruli regions of each biopsy and stained negative for 

anti-HRES-1 antibodies (data not shown).   

As a result, we propose to explore the anti-HRES-1 antibody response in lupus 

patients to the HRES-1 p8 and p15 Gag capsid proteins. By generating two sets of 15-mer 
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overlapping peptides mapping the entire HRES-1 p8 and p15 sequences, we aim to 

characterize the anti-HRES-1/U1sn-RNP serological responses in subjects with SLE, 

comparative autoimmune disease controls and healthy patients. We hope to determine 

key antigenic epitopes of the HRES-1 p8 and p15 Gag capsid antigens that may facilitate 

the generation of U1sn-RNP autoantibody reactivity. This data will be used as the 

groundwork for the characterization of a specific etiological factor in SLE, which may be 

used in the development of targeted therapeutics and diagnostic tests.  
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SPECIFIC AIMS 

Although the exact etiology remains unclear, complex autoimmune diseases such 

as SLE develop when a healthy immune system is no longer able to distinguish self from 

non-self. As a result, tolerance preventing cross-reactivity to cells and tissues of the same 

organism is lost, and autoimmune disorders arise. Systemic Lupus Erythematosus (SLE) 

is a complex autoimmune disease characterized by high titers of IgG autoantibodies 

associated with a myriad of destructive tissue pathologies. Only one targeted therapeutic, 

Benlysta, currently exists for the treatment of the disease. More drugs must be explored 

to target different pathways associated with disease onset and progression. Current 

research demonstrates that genetic predisposition, environmental factors and viral factors 

contribute to disease onset and progression. The link between SLE and viral factors has 

long been under scrutiny. Both exogenous and endogenous retroviruses have been shown 

to play a significant role in the generation of cross-reactive autoantibodies by 

mechanisms including molecular mimicry and viral transactivation of cellular promoters. 

Molecular mimicry occurs when sequence homology exists between the host’s 

self-components and those of a virus, enabling the immune system to attack host tissue 

and cause disease. Interestingly, it is believed that an increase in Human Endogenous 

Retroviral (HERVs) expression in patients with lupus plays an important role in the 

generation of cross-reactive antibodies to numerous autoantigens. Molecular mimicry 

between endogenous retroviral proteins and host elements generates antiretroviral 
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antibodies that cross-react with common nuclear antigens and maintain hyperactive 

immune responses.  

It has been shown that the HTLV-1 Related Endogenous Sequence (HRES-1) 

produces retroviral Gag capsid proteins (p8 and p15 Gag capsid proteins) which share 

significant sequence homology to the 70 KDa U1-subunit of the small ribonucleoprotein 

complex (U1sn-RNP), an autoantigen in lupus. Interestingly, this evidence serves to 

identify a unique relationship between viral infection and the production of 

autoantibodies, which can further be investigated for targeted therapeutics and 

diagnostics. As a result, this study aims to characterize the role of HRES-1 in the 

etiology and pathogenesis of SLE. We hypothesize that molecular mimicry between the 

Gag capsid HRES-1 proteins (p8 and p15) and U1sn-RNP facilitates the production of 

cross-reactive autoantibodies. Disease pathology occurs due to the formation of antibody: 

HRES-1/autoantigen complexes in various tissue types that activate chronic 

inflammatory and auto-directed immunomodulatory cascades.  

By epitope mapping the HRES-1 p8 and p15 Gag-capsid proteins using 

overlapping nested peptide sets, we aim to identify immunogenic epitopes of cross-

reactivity between the capsid proteins of HRES-1 and U1sn-RNP. We propose that 

subjects with SLE will demonstrate increased antibody titers to HRES-1 peptides when 

compared to normal healthy controls. We hypothesize that the anti-HRES-1 response in 

subjects with SLE serves as a priming event to facilitate the production of cross-reactive 

autoantibodies to U1sn-RNP. As a result, we expect to see a correlation between anti-
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HRES-1 retroviral antibody titers and increased antibody titers with auto-antigen U1sn-

RNP specificity in patients with SLE. 

Specific aim 1: Characterization of anti-HRES-1/U1sn-RNP serological responses in 

subjects with SLE and comparison populations. IgG serological responses to HRES-1 

and U1sn-RNP in patients with SLE and other associated controls (healthy and RA 

subjects) were fully characterized by enzyme linked immunosorbent assays (ELISA) 

using peptide (HRES-1 specific) and protein (U1sn-RNP specific) coating antigens. 

Serological activity to numerous other retroviral protein antigens including HTLV-1 Gag 

capsid antigen and HIV-1 Gag capsid antigen were also tested via ELISA. We 

characterized key antigenic epitopes of HRES-1 due to the generation of an overlapping 

peptide set from the p8 and p15 HRES-1 protein antigen sequences.  

Specific aim 2: Comparative analysis of serological activity between retroviral 

elements and autoantigens.  

Serological SLE data to retroviral peptides and proteins enabled us to elucidate whether 

patients with SLE and other comparison populations demonstrate increased anti-retroviral 

antibody titers to differential regions of both endogenous and exogenous retroviral 

antigen.  Additionally, we established a correlation between HRES-1 retroviral antibody 

responses and U1sn-RNP antibody reactivity. By doing so, we attempted to reveal 

whether the activation of HRES-1 in patients with SLE serves as a priming event for 

antibody production against U1sn-RNP. In the future, this data can be utilized to establish 

a link between endogenous retroviral expression and the clinical manifestations of SLE. 
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 Preliminary data obtained from this study will be used in the future to further 

characterize the functional importance of HRES-1 activation and protein expression in 

the pathogenesis of SLE. Antigenic HRES-1 and U1sn-RNP epitopes identified by SLE 

sera reactivity will be used as selecting antigen during the derivation of human 

monoclonal anti-HRES-1/U1sn-RNP antibodies (mAbs). Monoclonal antibodies, 

immunohistochemical staining, and qualitative real-time PCR (qRT-PCR) will all be used 

to determine the relationship between HRES-1 transcription and relative protein 

expression in patients with SLE and comparative controls.  
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METHODS AND MATERIALS 

Human Subjects and Samples 

In compliance with the University of Arizona Intuitional Review Board for 

research with human subjects, peripheral blood was obtained from 20 SLE, 50 RA, 6 

HTLV-1, 4 HIV-1 and 8 healthy individuals. SLE subjects were confirmed to be PCR 

negative for retroviral infection. Since this study focuses on lupus. RA samples were used 

as a representative autoimmune disease control group, whereas HIV-1 and HTLV-1 

positive individuals were used as retroviral controls, both to show specificity of the anti-

HRES-1 response to SLE. Sera, plasma and PBMCs were purified from each blood 

sample. Additionally, purified IgG samples from the pooled plasma of 50 SLE subjects 

(SLE IgG) and 100 RA subjects (RA IgG) were prepared by protein G affinity 

purification according to the manufacturer’s protocol (HiTrap Protein G columns, GE 

Healthcare). IVIG (Flebogamma preparation) was used to establish the baseline level of 

anti-HRES-1 IgG present in a healthy population since IVIG is prepared from 10,000+ 

healthy individuals. Kidney biopsies from 6 patients with confirmed WHO class IV or V 

lupus glomerulonephritis were used in the immunohistochemistry experiments; data from 

3 patients are shown. IgG purified from the pooled serum of many HIV-1 infected 

individuals (HIV-Ig) was provided by the NIH HIV/AIDS repository. 

 

 



 
44 

Antigens  

An extensive sequence analysis (DNA and protein) was conducted on the HRES-

1 Gag capsid protein sequence due to a discrepancy reported by the Perl 38 and LeFranc 50 

research groups, as discussed in the introduction section. Two nested, overlapping 

peptide sets were designed and manufactured by Mimotopes, Inc., using their PepSetTM 

technology (Figure 4). Peptides 1-22 map the complete open reading frame of the HRES-

1 p8 protein, while peptides 23-64 map the HRES-1 p15 protein. HRES-1 peptide 34 

from the p15 protein was also purchased with a fluorescent label (5,6-TMR-HRESp34) 

for immunohistochemistry protocols. Affinity purified U1snRNP protein 

(Immunovision), recombinant HTLV-1 p24 Gag and HIV-1 IIIB p24 Gag proteins (both 

from Immunodiagnostics Inc.), and chicken anti-human Fab IgG (provided by Samuel 

Schluter, University of Arizona) were used in ELISA. Each succeeding peptide was 

shifted 3 residues down the sequence (toward the COOH terminal) such that each peptide 

overlaps with 12 residues of the preceding peptide (Figure 4B). The nested, overlapping 

p8 and p15 HRES-1 peptides were used in fine epitope mapping experiments to identify 

immunogenic epitopes of HRES-1 by screening serum samples for IgG reactivity to each 

member of the HRES-1 pepSET peptides. Serum samples from subjects with SLE, RA, 

HIV-1, or HTLV-1, in addition to IVIG, were tested by ELISA against the complete 

HRES-1 pepSET to determine if lupus patients responded differently to HRES-1 than 

other groups. Peptides were supplied as lyophilized power. Multiple aliquots of each 

peptide were prepared and stored at -80C by resuspending the peptide in 80% DMSO at a 
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stock concentration of 3 mg/ml. An additional peptide was synthesized by Mimotopes for 

use in the Immunohistochemistry preliminary data collected by Dr. Adelman (Figure 3). 

 

 

Figure 4. HRES-1 sequence analysis and overlapping HRES-1 PepSet design.  
A) Amino acid sequence comparisons of the different proposed ORFs for the HRES-1 
gag region. Perl p25 is the ORF identified by Perl 38, LeFranc p8 and p15 are the ORFs 
described by LeFranc 50, and the Adelman p8 and p15 are the consensus sequence used 
for peptide synthesis obtained from the DNA sequence established in 4B. Identical 
residues shared between the sequences are highlighted in grey. The p14-24 and p117-127 
peptide sequences originally identified by Perl and used by Lefranc are boxed. B) A 
consensus sequence for the HRES-1 p25 ORF was determined by independently aligning 
the sequences reported by Perl (accession X16660) and Lefranc (accession AF216972) 
with a fragment of chromosome 1 from the Genome Reference Consortium (accession 
AL162595). A sequence from the chimpanzee lineage was also included (accession 
XM_003949723). The same ORFs were determined amongst the LeFranc, chromosome 1 
and chimp sequences and form our consensus sequence. As indicated by Lefranc, the Perl 
sequence contains numerous deletions and insertions. A stop codon (indicated by the star) 
interrupts the p25 reading frame suggested by Perl, resulting in the generation of two 
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independent ORFs, p8 and p15. The p25 sequence is able to move in and out of frame 
with small regions overlapping the p8 and p15 sequences. Thus, the original p14-24 and 
p117-127 peptide sequences (grey boxes) are conserved and accounted for in the peptides 
generated by our consensus sequence. Two sets of 15-mer overlapping peptides covering 
the entire p8 (peptides 1 to 22) and p15 (peptides 23 to 64) ORFs were synthesized for 
our studies (4B). Succeeding peptides are shifted 3 residues down the sequence (toward 
the COOH terminal) such that each peptide overlaps with 12 residues of the preceding 
peptide. 

The HRES-1 p15 peptide 34 was modified by the addition of a fluorescent label, (5/6-

TMR-GAGDRRREGPDRSPR, or 5/6-TMR-HRESp34). This peptide is derived from the 

HRES-1 p15 protein that shares homology with the Gag-related region of U1snRNP, an 

autoantigen associated with lupus. Our HRES 34 peptide is the same sequence used by 

Perl 38 and Lefranc 50 in their studies.  

HiTrap Protein-G Affinity Column Chromatography 

Pooled samples of RA, SLE, HTLV-1 and HIV-1+ plasma were individually 

purified by protein G immune affinity chromatography. First the plasma was prepared by 

pooling together samples from the same subject group and the addition of 0.1% sodium 

azide, followed by high-speed centrifugation and filtration. Six high-speed centrifuge 

bottles (Beckman) were ethanol washed and rinsed with ultra pure water. Equal volumes 

of plasma were poured into each of the centrifuge bottles and all bottles were massed to 

ensure equal weights. The bottles were distributed evenly in the JA-10 rotor of a high-

speed Beckman centrifuge and run at 10,000rpm for 20 minutes at 4°C. Upon completion 

of the centrifuge cycle, plasma was decanted into an appropriately labeled glass bottle. 

The plasma was filtered utilizing a sintered glass filtration system (Millipore) with the 

following order of filter papers: Whatman #1 (70mm), Millipore Durapore Membrane 
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(0.45um HV) and Millipore Durapore Membrane Filters (0.22um HV). The pH of the 

plasma was monitored and adjusted to pH 7.5. All filtered plasma was stored at 4°C until 

processed through the affinity purification column. 

HiTrap Protein-G affinity columns (Amersham Biosciences) were prepared for 

purification by allowing the column and buffers to warm to room temperature before use. 

The column was run upside-down to help counter the effects of gravity. A Biorad Econo-

pump (peristaltic pump) with fraction collector was used for all purifications. The top and 

bottom caps sealing the column were removed and the column was connected to the 

pump tubing through the M6 fittings. All connections were made in the presence of a 

fluid droplet to prevent introducing air into the column. First the column was equilibrated 

in 10 column bed volumes of binding buffer (20mM Sodium Phosphate, 0.1% NaN3, pH 

7.5). This served to wash out the 30% methanol preservative for storage of the column 

and to equilibrate the column in the same pH buffer as the prepared plasma samples (pH 

7.5). This waste was discarded. Next, 100ml of prepared plasma was loaded at 2ml/min 

on the column. The flow-through material was collected and saved to ensure that all IgG 

had indeed been purified from the plasma. While the plasma was being loaded onto the 

column, 57 Fisher brand disposable 13x100mm cell culture tubes were labeled as Post-

Load Wash (1-6), Elution (1-45) and Post-Elution Wash (1-6). Binding buffer was used 

for the post-load and post elution washes, whereas 0.1M glycine, pH 2.7, was used as the 

elution buffer. The elution tubes were prepared by adding 75ul of neutralization buffer 

(2M Tris-HCl pH 8.0) for each 1ml elution fraction prior to the actual elution of the 

bound IgG from the column. This was done to preserve the purified IgG from breaking 
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down in the acidic environment of the elution buffer. Once the plasma was fully loaded 

onto the column, binding buffer was run through the column as the post-load wash. Six 

7mL post-load wash fractions were collected at 2ml/min. The bound IgG was eluted off 

the column with elution buffer (0.1M Glycine pH 2.7) at a pump speed of 0.5mL/min into 

tubes already prepared with neutralization buffer. The pH of the elution fractions was 

monitored as they came off the column to ensure that the IgG remained intact. After 

collecting 45 1ml elution fractions, a post-elution wash with binding buffer was done. Six 

7mL post-elution wash fractions were collected at 2ml/min. A final wash with 30mL of 

30% methanol at a pump speed of 2mL/min was performed to prepare the column for 

storage. Columns were stored in a capped 50mL tube at 4°C to prevent dehydration in 

30% methanol. For each column run, spectroscopy (OD280) was performed on each 

fraction, followed by SDS-PAGE and western blotting (described below). The purified 

IgG from each subject group was purified by a second round of protein G affinity 

purification. Purified IgG was dialyzed into 1xPBS containing 0.1% sodium azide, was 

concentrated to 10mg/ml according to the manufacturer’s instructions using Amicon 

centriplus units with 100,000 MWCO, aliquoted and stored at -80C until needed.  

Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) 

 SDS-PAGE was performed to verify the purity of the protein G purified SLE, RA, 

HTLV-1 and HIV-1 IgG. Initially every fraction was run on SDS-PAGE to work out the 

optimal conditions and protocol for protein G purification. Gels were analyzed for the 

presence of IgG heavy chain (~50 kDa) and light chain (~25 kDa) bands under reducing 

conditions and a 150kDa IgG band under non-reducing conditions.  
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Eleven percent SDS-PAGE gels were poured utilizing the Mini Protean III 

System (Biorad) according to the manufacture’s standard operating procedure. Gels that 

were poured in advance to an experiment were wrapped in cellophane and stored at 4°C 

until needed. Gels were kept for up to two weeks at this temperature, however, if there 

was evidence of dehydration, the gels were discarded and re-poured. Affinity purified 

IgG column fractions (Post-load wash, Elution, and Post-elution wash) with OD280 values 

>0.5 were prepared for SDS-PAGE by diluting them 1:10 in reducing or non-reducing 

laemelli sample buffer. The prepared gel samples were centrifuged at 8500rmp for 30 

seconds and heated at 95°C for 3-4 minutes in a heating block. A pre-stained SDS-PAGE 

molecular weight ladder was used on each gel (Broad Range Molecular Weight Ladder, 

Biorad). Five microliters of the heated pre-stained molecular weight ladder was loaded 

into lane 1 of the 10-lane gel. A total volume of 22ul/well for each sample was 

successively loaded into lanes 2-10 of the gel. Gels were electrophoresed at 200V for 43 

minutes in electrophoresis reservoir buffer (0.05M Tris-HCl, 0.4M glycine, 0.1% sodium 

azide). After electrophoresis, gels were first fixed with 25% Tricholoracetic acid for 15 

minutes, followed by overnight staining in 0.025% Coomassie R-250 in 10% acetic acid. 

Gels were de-stained in a mixture of 5% methanol, 7% acetic acid overnight, with one 

change of the de-stain solution. After de-staining, gels were washed thoroughly with 

distilled water and dried between two cellophane sheets (Amersham Biosciences) using a 

drying frame system. During all fixation, staining and de-staining steps, the gels were 

covered to prevent dehydration and rocked on a plate rocker (medium setting) in a fume 

hood. 
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Western Blot 

 Western blotting was performed to confirm the presence of IgG in the purified 

IgG samples. After running the 11% gels via SDS-PAGE, both the gel and PVDF 

membrane (Millipore) were placed in a container with Tris-Glycine (pH 8.3) transfer 

buffer (0.03M Tris, 0.2M Glycine, 20% methanol) for approximately 15 minutes. The 

PVDF membrane was first passed in a small volume of 100% methanol for 1-2 seconds 

prior to soaking in the Tris-Glycine transfer buffer. The gel was placed on the negative 

side (black side) and the PVDF membrane on the positive side of the transfer cassette. 

The gel and PVDF membrane were sandwiched between Whatman 3M chromatography 

paper and scotch pads socked in Tris-Glycine transfer buffer. The transfer cassette was 

placed in the blot transfer apparatus (Biorad min-trans blot unit with a Power Pac 300 

supply) with the negative side of the cassette facing the negative electrode. An ice pack 

and stir bar were placed in the transfer unit with chilled transfer buffer. The gels were 

transferred in the Tris-Glycine transfer buffer for 60 minutes at a constant 100V. 

Following transfer, the gels were stained in Coomassie Blue to verify the complete 

transfer of all protein material. The PVDF sheet was rinsed 3 times, for 15 minutes each 

rinse, with blocking buffer (1x PBS, 0.05% tween 20, 0.1% pig gelatin, Sigma). Then, 

membranes were incubated with DAKO rabbit anti-human IgG or rabbit anti-human IgM 

HRP-conjugated antibody at a dilution of 1:2000 for 90 minutes at room temperature on a 

rocking platform. Next, membranes were washed 3 times with 1x PBS for 5 minutes each 

rinse, and developed with 5’-Tetramethyl Benzidine (TMB) Single Solution HRP 
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Chromogen for Westerns (Invitrogen) until color was visible on the membrane. Finally, 

the membranes were washed with distilled water and allowed to air dry. 

Enzyme Linked Immunosorbent Assay (ELISA) 

ELISA experiments were conducted utilizing the overlapping HRES-1 p8 and p15 

protein peptides (p1-p64) as coating antigens. ELISA testing conditions following 

preliminary experimental screens against the 64 peptides were optimized and performed 

by coating peptide antigens at 1ug/mL in carbonate buffer, pH 9.6, in 96 C-well ELISA 

plates (Greiner Bio-one, USA Scientific). Peptide coated plates were placed in the 

incubator at 37°C, uncovered, un-stacked and left to dry completely for 24-hours. All 

incubation periods following the coating step were conducted at 37°C for 1-hour unless 

otherwise indicated. All plates were washed according to the Bio-Tek ELx405 Microplate 

Washer.  

 Following coating, plates were thoroughly washed with PBS buffer containing 

0.05% Tween-20 (Fischer Scientific) three times and blocked at 200ul/well with blocking 

buffer, a solution of PBS buffer containing 0.01% pig gelatin (Sigma). Subsequently, 

plates were washed and 200uL of blocking buffer was pipetted into all wells from row B-

H. The purified primary antibody serum of choice was applied at a starting dilution of 

1:1000 in blocking buffer, in a total volume of 200ul/well in row A of the ELISA plates. 

The primary antibody was then serially diluted (2-fold) into blocking buffer through row 

G of the ELISA plate. The 2-fold dilution was performed by taking 100ul of primary 

antibody from row A and pipetting up and down 3x into row B. This method was 
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maintained all the way through row G and the pipette tips were expelled with 100uLs of 

volume remaining in them. The last row (row H) was kept free of any serum primary 

antibody to serve as the conjugate antibody control. Following the primary incubation, 

plates were washed and incubated with DAKO corporation rabbit anti-human IgG-HRP 

at a dilution of 1:2000. After the final 1 hour conjugate antibody incubation, plates were 

washed and developed with 100ul/well of 5’-Tetramethyl Benzidine (TMB) Single 

Solution Chromogen for ELISA- Substrate for Horseradish Peroxidase (Invitrogen). The 

reaction was allowed to proceed for 10-15 minutes and was stopped with the addition of 

100ul/well of 1M HCl. ELISA plate absorbance values were read at 450 nm by the Bio-

Rad iMark Microplate Reader. Data was exported to Excel, transformed, and graphed 

utilizing DeltaGraph Software. 
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RESULTS AND DISCUSSION 

The etiology of autoimmune diseases such as SLE remains rather complex, 

involving a compilation of genetic and environmental factors. Individuals with 

autoimmune disease respond uniquely to treatment, and the response is dependent upon 

the state of the immune system and the inciting disease factors. It has been shown 

extensively in the literature that endogenous retroviral expression may initiate or 

perpetuate autoimmune responses. Although these viruses are integrated into the human 

genome and are usually transcriptionally inactive, the few transcriptionally active HERVs 

are though to play significant roles in the initiation of autoimmune mediated 

inflammatory processes. HRES-1 is an endogenous retrovirus proposed to play a 

significant role in the pathogenesis of lupus. Sequence homology between HRES-1 Gag 

capsid protein and the common U1sn-RNP autoantigen of SLE is a potential mechanism 

by which pathological autoantibody production occurs.  

 We propose that the human endogenous retrovirus HRES-1 plays a critical role in 

the etiopathogenesis of SLE by way of a molecular mimicry mechanism with the 

U1snRNP autoantigen of lupus. Due to sequence homology between the HRES-1 Gag 

capsid protein and the U1sn-RNP autoantigen, we hypothesize that activation of HRES-1 

in patients with lupus serves as a priming event for the generation of cross-reactive 

autoantibodies to the U1sn-RNP antigen. Tissue pathologies associated with SLE result 

from antibody-antigen complex deposition. Although the autoantibodies characteristic to 

lupus and other associated autoimmune diseases may not be directly pathogenic 51,52, the 
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resulting immunological response arising from the presentation of autoantigen favors a 

state of systemic inflammation and uncontrolled autoreactivity. It is the intricate 

interdependence and balance between the cells of the immune system that enable our 

immune systems to function properly. The severity of this disease lupus is further 

complicated as the balance becomes more uncontrolled with active disease and self-

reactivity. 

Following extensive sequence analysis of the HRES-1 Gag capsid protein(s), two 

nested overlapping peptide sets mapping the complete amino acid sequences of the 

HRES-1 p8 and p15 Gag capsid proteins were synthesized for fine epitope mapping 

experiments. As seen in Figure 4, a comparative sequence analysis of the HRES-1 DNA 

and protein sequences led us to conclude that two proteins are produced by HRES-1. The 

HRES-1 sequences reported in the literature were aligned with human chromosome 1, 

chimpanzee, several conserved retroviral Gag capsid proteins and U1sn-RNP. The 

sequence analysis was critical in the design of 2 HRES-1 peptide sets mapping the p8 and 

p15 proteins for these experiments. Overlapping peptides 1-22 are derived from the 

HRES-1 p8 Gag capsid protein while peptides 23-64 correspond to the HRES-1 p15 Gag 

capsid protein. A preliminary experiment was performed which screened purified IgG of 

SLE, RA, HTLV-1 and healthy control subjects for IgG reactivity to the entire HRES-1 

peptide sets. Protein G purified IgG samples from the pooled plasma of 50 SLE patients 

(SLE IgG), 100 Rheumatoid Arthritis (RA IgG), and 6 HTLV-1 (HTLV-1 IgG) patients 

were used as representative disease-specific antibody preparations. Intravenous IgG 

(IVIG, flebogamma), a preparation of IgG pooled from over 10,000 healthy subjects, was 
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used as the representative healthy control sample for this experiment. All 64 HRES-1 

peptides were coated at 1µg/ml in single wells on 96-well ELISA plates (each well 

corresponding to a different HRES-1 peptide) and the pooled IgG preparations were 

applied at a concentration of 50ug/mL to blocked ELISA plates coated with the HRES-1 

peptides. Polyclonal rabbit anti-human IgG-HRP conjugate antibody was applied at a 

dilution of 1:2000 for all ELISA assays. ELISA experiments were independently 

replicated 3 times unless otherwise indicated. Since all sera samples and IgG preparations 

were diluted in blocking buffer, blocking buffer was used as a negative primary antibody 

control sample. There was no reactivity observed to any of the HRES-1 peptides when 

blocking buffer alone was used in place of a primary antibody sample. Additionally, each 

assay contained uncoated antigen control tests to ensure that there was no reaction 

between the coating antigens and the conjugate control antibody. All reported data values 

were corrected for non-specific binding to provide an accurate representation of the 

primary antibody response to antigen. Chicken anti-human Fab was coated at 1ug/mL at 

37°C for 1 hour on all ELISA as a capture antigen that served as a positive control. This 

protein captured the human IgG, which enabled us to validate the quality of the sera 

samples being used. Due to the presence of IgG in sera, we expected to see significantly 

elevated ELISA absorbance values for all primary antibody samples tested against this 

protein. Our chicken anti-human Fab data was consistent with our predictions, validating 

that reduced IgG activity to the HRES-1 peptides was a direct result of the differential 

responses to HRES-1 seen within the diverse sample populations.  
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 Experimental results from Figure 5 show that patients with SLE demonstrate an 

IgG specific response to several epitopes of the HRES-1 p8 and p15 Gag capsid proteins. 

This response is characterized by broad reactivity to many HRES-1 peptides and strong 

IgG reactivity. A relatively suppressed anti-HRES-1 response is observed in the RA, 

HTLV-1 and IVIG samples. Notice that the SLE specific differential response to the 

peptides is evident by tracking and comparing the individual population responses at each 

peptide. For example, a detailed analysis of the IgG responses to HRES-1 peptide 36 

(indicated by an asterisk) shows an elevated strong SLE response. In contrast the HTLV-

1 IgG activity is moderate to HRES-1 peptide 36. It is also evident that both the RA and 

IVIG populations failed to respond to peptide 36. Little to no ELISA activity in these 

representative disease control samples (RA, HTLV-1-positive and IVIG) suggests that a 

lupus specific IgG response to the HRES-1 protein antigens.  
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Figure 5. Serological IgG Activity of SLE, RA, HTLV-1 and Healthy Subjects 
against complete HRES-1 pepSET mapping p8 and p15 protein antigens. Peptides 
mapping the complete p8 (peptides 1-22) and p15 (peptides 23-64) HRES-1 capsid 
proteins were prepared by Mimotopes, Inc. pepSet technology. Purified IgG obtained 
from the plasma of 50 SLE, 100 RA and 6 HTLV-1 subjects. IVIG was utilized as the 
healthy control sample. All representative IgG samples were applied at 50µg/ml to 
HRES-1 coated ELISA plates (each well containing a different peptide coated at 
1µg/mL). The 10 asterisks above peptides 11, 23, 24, 25, 30, 34, 36, 47, 48, and 51 
highlight peptides with increased SLE specific IgG activity, when compared to the 
purified IgG responses from the other sample populations. These 10 peptides were 
chosen for further investigation (depicted in Figure 6).  

Although the preliminary experiment (data not shown) mentioned above was done prior 

to optimizing the sequence and experimental conditions for the HRES-1 overlapping 

peptide set, the results support the data in Figure 5 considering that the regions of HRES-

1/U1sn-RNP homology are contained within the peptides of the overlapping peptide set. 

Additionally, these results also suggest that the lupus specific responses to the HRES-1 

peptides may help to explain how anti-U1sn-RNP autoantibodies are produced. By 
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identifying the HRES-1 specific epitopes that may facilitate U1sn-RNP autoreactivity in 

subjects with SLE, we can discover new methods to target and treat the disease.   

 The first set of 10 peptide antigens (11, 23, 24, 25, 30, 47, 48, and 51)—indicated 

by an asterisk in Figure 5—were selected for further evaluation due to their SLE ELISA 

reactivity. Independent experiments against these HRES-1 peptides were conducted for 

each serum sample. The individual samples were applied as primary antibody to blocked 

coated ELISA plates at a starting dilution of 1:1000 followed by 2-fold serial dilutions to 

a final dilution of 1:128000.  

Figure 6 presents the averaged ELISA absorbance values at a serum dilution of 

1:4000 for SLE (n=20), RA (n=21), HTLV-1 (n=6) and healthy (n=7) subjects. Statistical 

analysis (Table 4) by the student T-test for independent groups (unpaired samples, 2-

tailed) was used to determine if antibody titers and specificity to the 10 HRES-1 peptides 

in Figure 6 differed significantly between subjects with SLE and the other respective 

populations. For example, antibody reactivity of SLE subjects to the HRES-1 peptides 

was compared against subjects with RA to determine whether HRES-1 antibody titers 

were present in patients with a comparable autoimmune disease. Similarly, statistical 

analyses were performed between SLE, HTLV-1 and healthy titers to HRES-1 peptides. 

A significant increase in the average serological responses of the 20 SLE subjects 

to all 10 HRES-1 peptides is evident in Figure 6, when compared to the sera reactivities 

of the RA, HTLV-1 and healthy populations. Statistical analysis of our data in Table 4 

indicates that subjects with SLE respond differentially to individual peptides of the p8 
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and p15 protein, when compared to RA, HTLV-1, and healthy related controls. It is clear 

by the p-values (<0.05) that highly significant differences in reactivity to the peptides 

occurred between the SLE versus RA, SLE versus HTLV-1 and SLE versus healthy 

groups. Our proposition that HRES-1 activation may occur in lupus subjects who lose the 

mechanism to properly suppress transcriptional activity of the HERV is consistent with 

this serological data. Additionally, we expected to see minimal or no ELISA activity to 

the HRES-1 peptides in the healthy control group. This indeed was the case.  

 

Figure 6. Serological IgG Activity of SLE, RA, HTLV-1 and Healthy Subjects 
against 10 HRES-1 peptides with observed SLE specific responses from preliminary 
data. The HRES-1 peptides identified in Figure 1 as most reactive to SLE IgG were 
coated at 1µg/mL on ELISA plates and sera from SLE (n=20), RA (n=21), HTLV-1 
(n=6) and Healthy (n=7) subjects were applied individually in a serial 2-fold dilution, 
starting at 1:1000. Absorbance values over two independent experiments were averaged 
and the values represented are the average absorbance values at a dilution of 1:4000 for 
all sample populations against all 10 peptides. 
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Table 4. Student T-test analysis of ELISA absorbance data presented in Figure 6. 
Each individual row designated by a peptide number shows the p-values determined for 
peptide reactivity between each of the respective group pairs. The first row represented 
by All** highlights the p-values for all peptides analyzed together between the different 
group pairs. P-values below 0.05 are italicized. 

All but 2 peptides, peptides 24 and 30, in the SLE versus healthy group resulted in 

statistically significant differences sera. Serological activity of both the RA and HTLV-1 

groups to the HRES-1 peptides also remained well below the SLE response. We expected 

to observe similar sera activity to the HRES-1 peptides between the RA and healthy 

groups, since no known role of HRES-1 in the pathogenesis of RA has been confirmed. 

Interestingly, the only peptides resulting in statistically different responses between the 

RA and healthy groups were peptides 47 and 51. Thus, the results are consistent with our 

expectations. The HTLV-1 versus healthy group also demonstrated similar HRES-1 sera 

responses, with significant differences existing only between peptides 11, 25 and 51. Our 

data highlights the similarity amongst the RA, HTLV-1 and healthy group responses by 

p-values all > 0.05. These results overall strongly suggest that subjects with SLE respond 

!

Peptide SLE v RA SLE v 
healthy 

SLE v 
HTLV-1 

RA v 
healthy 

HTLV-1 v 
healthy 

All** p= 0.008 p= 0.019 p= 0.010 p= 0.147 p= 0.314 
11 p= 0.005 p= 0.002 p= 0.049 p= 0.386 p= 0.029 
23 p< 0.001 p< 0.001 p< 0.001 p= 0.982 p= 0.563 
24 p< 0.001 p= 0.102 p< 0.001 p= 0.386 p= 0.258 
25 p< 0.001 p= 0.002 p< 0.001 p= 0.078 p= 0.048 
30 p= 0.043 p= 0.202 p= 0.003 p= 0.547 p= 0.086 
34 p< 0.001 p< 0.001 p< 0.001 p= 0.441 p= 0.074 
36 p< 0.001 p< 0.001 p< 0.001 p= 0.173 p= 0.079 
47 p<5.56e-06 p=1.63e-05 p=3.88e-05 p= 0.021 p= 0.064 
48 p= 0.001 p= 0.002 p< 0.001 p= 0.064 p= 0.140 
51 p<1.01e-07 p=3.51e-05 p=5.23e-07 p< 0.001 p= 0.041 
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strongly and differently to epitopes of the HRES-1 p8 (peptide 11) and p15 (peptides 23, 

25, 34, 36, 47, 48 and 51) proteins. When compared to the responses from the healthy, 

RA and HTLV-1 control comparison groups, these results clearly show that the anti-

HRES-1 IgG response is significant to SLE. 

The significant SLE response to the HRES-1 antigens further supports the notion 

that increased antibody recognition of the HRES-1 proteins may serve as a priming event 

for the generation of U1sn-RNP autoreactive antibodies. Since the regions of U1sn-RNP 

homology are mapped within the HRES-1 overlapping peptides, increases in B-cell 

populations and subsequently secreted antibodies raised with specificity against the 

HRES-1 peptides may simultaneously increase the repertoire of U1sn-RNP autoreactive 

antibodies. This may occur due to the fact that the regions recognized by the HRES-1 

specific antibodies may be similar to the epitopes of homology between HRES-1 and 

U1sn-RNP. The destructive tissue pathologies and immunoglobulin complex deposition 

observed in SLE may result as a consequence of these distinct HRES-1 and U1sn-RNP 

specific antibody pools.  

 Increased lupus reactivity to the HRES-1 peptides exemplifies an increase in the 

expression of HRES-1 specific IgG to individual epitope regions of the HRES-1 proteins. 

To test this further, we expanded on our analysis of the 10 HRES-1 peptides (Figure 6) 

and we examined the serological responses of all 20 SLE sera samples to the complete set 

of HRES-1 peptide set, a total of 64 peptides (Figure 7). Peptides 1-64 of the overlapping 

set map the complete p8 (peptides 1-22) and p15 (peptides 23-64) HRES-1 Gag capsid 
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proteins. Each peptide consists of 15 amino acid residues that overlap with 12 residues of 

the preceding peptide. Three residues from the preceding peptide in the set are located at 

the amino terminus of each peptide, resulting in a shift of the 12 amino acids down 

towards the carboxyl terminus. It is seen in Figure 7 that SLE subjects produced elevated 

levels of anti-HRES-1 antibodies to many HRES-1 peptide, demonstrating 

immunological reactivity with several epitopes of the HRES-1 p8 and p15 proteins. Not 

only do the SLE sera samples respond strongly, but they react broadly with many 

peptides. This data strongly suggests that 3 peptide groups—corresponding to peptides 

21-26 (region 1), 30-36 (region 2), and 46-51 (region 3)—in the HRES-1 sequence for 

the p8 and p15 Gag capsid proteins form these 3 immunogenic epitopes of reactivity in 

SLE subjects.  

 An analysis of the amino acid sequences of the individual peptides within each 

epitope is intriguing. Interestingly, in Figure 8 it is seen that the peptides from region 1 

contain repeating patterns of a non-polar amino acid pair followed or proceeded by a pair 

of polar amino acids. Region 2 peptide sequences unveil the presence of repeating RRE 

triplets, similar to the RRE Gag-related domain found within the U1sn-RNP complex and 

conserved amongst numerous retroviral agents. Also notable is the repeating pattern of 

highly charged Glutamate (E) amino acids found regions 3 peptides. Comprehensively, 

the charged, polar and non-polar amino acids in the regions of antigenicity identified by 

SLE sera responses offers some insight on the structural properties of the HRES-1 

antigen and its relationship with U1sn-RNP. It is known that the RRE sequence found 

amongst the region 2 peptides is repeated three times in the U1sn-RNP 70 KDa protein 
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(Gergely et al., 2005). This structurally conserved RRE pattern found in the HRES-1 

proteins (and peptides) may serve as a key region for antibody recognition during an 

immune response. Since it is known that highly charged polypeptides elicit high titer 

antibodies (Gergely et al., 2005) and that the HRES-1 RRE sequence shares identify with 

a region of U1sn-RNP, we propose that this region of HRES-1 leads to the production of 

U1sn-RNP recognizing autoantibodies through binding to the RRE triplets within the 

U1sn-RNP protein. 

 

Figure 7. SLE serological response to all 64 peptides of HRES-1 overlapping peptide 
set. Overlapping HRES-1 peptides mapping the p8 and p15 antigens were generated by 
Mimotopes Inc. ELISA plates were coated with the peptides at 1µg/ml and allowed to dry 
overnight before use. Blocking buffer was applied to the plates and serum samples were 
individually applied at a starting dilution of 1:1000. Two-fold serial dilutions were 
performed until a final dilution of 1:128000 was obtained. Two independent experiments 
of all 20 sera samples against all members of the peptide set were conducted. The values 
reported are average ELISA absorbance values, corrected for non-specific and conjugate 
binding, at a primary antibody dilution of 1:4000.  

It is possible that the charged amino acids in the HRES-1 antigen trigger cross-

reactive antibody production. Similarly, the alternating polar and non-polar amino acids 
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that make up the core of region 1, 2 and 3 peptides may serve to generate an HRES-1 

protein with a non-polar hydrophobic core and three hydrophilic external loops that join 

to create an antigenic B-cell recognition site.  Currently, the 3D conformation of HRES-1 

is unknown. The epitope regions with strong SLE antibody titers are spread across the 

HRES-1 Gag proteins. However, one must consider that B-cells recognize a 3D structure 

or conformational epitope of antigen. We propose that the three separate epitopes of 

reactivity in HRES-1 fold together such that the 3 SLE HRES-1 epitopes come together 

to make the B-cell determinant that binds in the antigen-binding site of the B-cell 

receptor. Computer programs modeling the hydrophobic and hydrophilic properties of the 

HRES-1 antigen may be used to understand the structure of the protein in the context of 

its natural environment.  

 

Figure 8. Amino acid sequences of HRES-1 peptides in three regions demonstrating 
increased SLE sera reactivity. Individual peptide sequences of the three regions 
demonstrating increased SLE sera-specific reactivity are highlighted in each box. The 
first column represents the peptide number from the peptide set of 64 peptides, the 
second column represents the N-terminal hydrogen, the third column delineates the 



 
65 

amino acid sequence for each peptide, and the fourth column represents the C-terminal 
hydroxyl group. Yellow boxes in the set designated region 1 peptides highlight an amino 
acid pattern represented by 2 non-polar amino acids followed by or preceded by 2 polar 
amino acids. Red boxes in the set designated region 2 peptides highlight the RRE Gag-
related motif region consisting of a repeated strand of polar charged amino acids. Blue 
boxes in the set designated region 3 peptides highlight a pattern of polar charged amino 
acids and a polar stretch of amino acids in p51. 

 Figure 9 shows the averaged ELISA responses to the complete HRES-1 peptide 

set mapping the HRES-1 p8 and p15 Gag capsid proteins from 20 SLE, 6 HTLV-1-

infected and 4 HIV-1-infected individuals. The corrected ELISA absorbance values were 

normalized such that the response to HRES-1 peptide 51 is equal to 1.0. The SLE group 

demonstrates overall higher IgG reactivity to all the peptides when compared to the 

control groups. SLE sera responses are unique and elevated when compared to the 

HTLV-1 and HIV-1 infected groups. When the ELISA data is presented in a linear 

fashion as in Figure 9, the same three distinct peptide regions along the HRES-1 p8 and 

p15 proteins identified in Figure 7 are recognized in the SLE group. 
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Figure 9. Serological responses of SLE, HIV-1 and HTLV-1 subjects to HRES-1 
peptides. Sera samples from 20 SLE, 6 HTLV-1-infected and 4 HIV-1-infected subjects 
were tested by ELISA against the 64 peptides of the HRES-1 overlapping pepSET. 
ELISA experiments were conducted according to the procedure delineated in Figure 4.  
Data shown are average serological values, per peptide, by the individual sera groups. All 
values are normalized such that binding to the p51 HRES-1 peptide for each group is 
equal to 1.0.   

These three particular epitope regions on the p8 and p15 HRES-1 proteins may 

serve as molecular targets for the increased population of antibody secreting B-cells, 

characteristic of the lupus disease. Considering the sequence homology shared by the 

HRES-1 antigens and the U1sn-RNP complex, it is expected that B-cell generation of 

HRES-1 specific antibodies to these regions may activate immunological cross-reactivity 

to U1sn-RNP. Peptide 34 within the overlapping peptide set of the HRES-1 p15 protein is 

the peptide containing direct sequence identity and homology with the Gag-related region 
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of U1sn-RNP. We believe that a more thorough understanding of the mechanism(s) 

involved in the generation of anti-HRES-1 and anti-snRNP antibodies in lupus is a 

fundamental breakthrough in the lupus research and drug development fields. Similarly, 

data suggesting a correlation between increased anti-HRES-1 IgG antibody titers and 

increased IgG titers to the U1sn-RNP autoantigen in SLE are presented in the left panel 

of Figure 10. The values are the corrected ELISA absorbance values at a serum dilution 

of 1:4000. SLE antibody titers against HRES-1 peptides 34, peptide 51 and recombinant 

U1sn-RNP protein are elevated when compared to the healthy population control.  

 

Figure 10. IgG responses to HRES-1 peptide 34 and 51 and the U1sn-RNP 
autoantigen of SLE, RA, HTLV-1 and healthy subjects. (Left Panel) HRES-1 peptide 
51 and 34 were used as coating antigen for ELISA. U1sn-RNP antigen was coated at 
1unit/well as determined by previous optimization experiments. Proteins were coated on 
ELISA plates for 1hr before use, while peptides were coated overnight. Serum samples 
were applied according to previously defined procedures. The values reported are ELISA 
absorbance values at a primary antibody dilution of 1:4000, corrected for non-specific 
and conjugate binding. (Right Panel) Purified SLE IgG, RA IgG, HTLV-1 IgG and IVIG 
was tested against HRES-1 peptide 34 and 51. Values at a dilution of 50ug/mL are 
reported.  
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Remarkably, the results shown in Figure 10 highlight the presence of the 

characteristic U1sn-RNP associated IgG response only in patients with SLE. Little to no 

IgG activity to U1sn-RNP antigen was identified in the healthy control group. These 

results suggest that SLE sera reactivity to the U1sn-RNP protein and peptides 34 and 51 

of HRES-1 may be important in the autoimmune mediated course of the disease. It is 

clear from the data that the patients with lupus respond with high antibody binding titers 

to both HRES-1 peptides 34 and 51 (both form the HRES-1 p15 protein). Although 

peptide 34 shares the sequence identity and homology with U1snRNP, our data also 

suggests that peptide 51 may be a significant HRES-1 antigen in lupus. In the right panel 

of the figure, we see an increase in the IgG response to peptide 51 in SLE, when 

compared to the other healthy and RA disease controls. Interestingly, there is a similar 

increase in the HTLV-1 IgG response against peptide 51, suggesting that this peptide may 

be an epitope of reactivity conserved amongst the group of HTLV-1 retroviruses, an 

exogenous virus closely related to HRES-1. Overall, this data provides evidence of an 

HRES-1 response in lupus. We propose that both HRES01 peptides 34 and 51 are 

centrally located in the antigen-binding domain of HRES-1 to which B-cells bind. We 

can utilize this information in the future to develop directed therapeutics mediated toward 

this endogenous epitope region. This data provides the preliminary evidence needed to 

further study the molecular mechanism of regulation and deregulation of HRES-1 in 

SLE. Potential alterations in the epigenetic modifications known to suppress HERV 

expression in healthy subjects may be an area of future study to further characterize how 

epigenetic changes on the HRES-1 locus in lupus impacts endogenous retroviral 
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expression and the subsequent anti-HRES-1 immune response. 

It is known that DNA methylation serves as an epigenetic marker reducing the 

expression of particular gene elements in the genome. Contrastingly, hypomethylation 

can cause increases in the expression of genes that are commonly silent. For example, 

research suggests that hypomethylation in synovial fibroblast cells alters gene expression 

and potentially plays a role in triggering RA 10. Interestingly and pertinent to our results 

are the evidence suggesting that differences in DNA methylation between SLE-

susceptible twins may play a role in the discordance rates of SLE onset between the 

twins. Increased expression of the HERV clone 4-1 (part of the HERV-E family) has 

been shown in SLE subjects as a result of reduced DNA methylation when compared 

with healthy controls. When drugs such as procainamide, a pharmaceutical known to 

inhibit DNA methylation, were administered to healthy controls and subjects with SLE, 

HERV 4-1 expression increased in healthy controls, but not in the subjects with SLE 10. 

Another study analyzing the methylation patterns of genes in B-cells from subjects with 

SLE demonstrates reduction in the methylation of the promoters for HERV- CD5 and 

HRES-1. The authors provide evidence suggesting that IL-6, a pro-inflammatory 

cytokine, abolishes the ability of SLE B-cells to methylate these promoters, stimulating 

increased HERV expression in lupus derived B-cells 53. These results suggest that some 

factors involved in the etiopathogenesis of lupus play a role in demethylating normally 

suppressed HERV sequences. Our data, demonstrating increased IgG titers to the HRES-

1 sequence in subjects with SLE, suggests the possibility that a reduction in the 

methylation pattern of the HRES-1 promoter may be contributing to its increased 
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expression. A loss in the ability to repress the transcriptional activity of HRES-1 may be 

contributing to the increased retroviral response highlighted by the results of our study.  

 Of note, Hb et. al. suggests that HRES-1 and snRNP, but not other autoantigens 

characteristic of SLE, correlate with diverse states of clinically active disease 54. These 

results, as well as those demonstrated by our work, are in accordance with previous 

findings suggesting correlations between of anti-RNP/anti-retroviral antibodies and 

disease activity in subjects with SLE and similar connective tissue autoimmune disorders 

54. Primarily, our hypothesis proposes that molecular mimicry between HRES-1 and the 

U1sn-RNP may be implicated as a potential trigger in the initiation of the SLE disease, 

however, Hb et. al. offer an interesting prospective which suggests that the apoptotic 

mechanisms found in SLE subjects may be contributing to disease activity. He highlights 

the research proposing that the presence of both HRES-1 and U1sn-RNP antibodies may 

result from the clustering of these autoantigens in apoptotic cellular waste sites of injured 

tissue 54. This may be an excellent area to monitor and expand on in the future.  

 Our qualitative analysis of HRES-1 kidney biopsy sections provides direct 

evidence of HRES-1 activity in SLE pathology. Although limited by our ability to 

directly stain HRES-1 protein in renal biopsies of SLE patients with glomerulonephritis 

(as indicated in Figure 3), we are hopeful that once we have developed monoclonal 

antibodies to HRES-1, we will be able to characterize HRES-1 specific tissue expression. 

Results from Brookes et. al., that characterized HRES-1 expression in numerous cell 

types, support our future hopes for the proper characterization of HRES-1 in diverse 
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tissue sections from autoimmune disease subjects 55. Brookes et. al. has shown that 

although HRES-1 was not easily identifiable in certain tissue sections due to its nuclear 

distribution, it was present in salivary epithelium biopsies both from subjects with 

Sjogren’s syndrome and healthy subjects 55. Although their identification of the HRES-1 

antigen was not disease-specific, it was clear from their results that the antigen was 

overtly expressed in the target Sjogren’s syndrome tissue types 55. Contrary to the limited 

specificity of HRES-1 detection in diseased tissue by Brookes et. al, we expect that our 

monoclonal antibodies to the HRES-1 antigen will lead to greater tissue specific 

recognition due to the methodology employed in raising the antibodies. Not only will the 

antibodies be generated with HRES-1 specific recognition, they will be selected for 

reactivity against the U1sn-RNP antigen as well. This will ensure that tissue specific 

expression of the antibodies is consistent with U1sn-RNP autoreactivity and associated 

tissue-specific pathologies.   

 In conclusion, our data identifying the presence of HRES-1 in both SLE patient 

sera and pathological biopsy segments suggests that this endogenous retroviral sequence 

plays an active role in the etiology of SLE by way of a distinct molecular mimicry with 

the U1sn-RNP antigen. These results establish the foundation for a new generation of 

biological treatments and diagnostics that can potentially target retroviral agents involved 

in the onset or progression of SLE. 
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FUTURE DIRECTIONS 

Complex autoimmune diseases like SLE are often characterized by chronic 

periods of remission and flare, where disease activity subsides and increases respectively. 

As a result, individuals diagnosed with these diseases require lifelong care and 

evaluation. Patients are consistently monitored by their doctors to help identify potential 

environmental triggers or to help manage life-style factors that may worsen the disease. 

Additionally, frequent doctor visits are important for the proper supervision of intricate 

treatment regimens and medication side effects. Currently, SLE cannot be cured, since 

the intricacies of the interconnected cellular pathways involved in disease onset and 

progression have not been elucidated. Figure 11 adequately portrays the complexity of 

the lupus disease by demonstrating that numerous external factors, and some intrinsic to 

lupus patients play a role in promoting an autoimmune disease-like state. Changes in the 

immune system, which disrupt the integrity of processes that maintain tolerance, as well 

as molecular mimicry induced by endogenous retroviral particles, are two of the primary 

factors addressed by our research. However, numerous interconnected pathways and 

underlying molecular mechanisms between these factors remain unknown and await 

exploration to better understand the lupus disease.  

Many people with lupus can live comfortably, with most symptoms controlled by 

receiving appropriate medical treatments. These treatments include non-specific 

immunosuppressive intravenous steroids and chemotherapeutic agents like 

methylprednisolone, cytoxan, and methotrexate. Although these drugs play an essential 
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role in reducing systemic inflammation and immune autoreactivity, their targets are vast 

and their mechanism of action are very broad, resulting in an array of non-specific 

contraindications. 

  

Figure 11. Summary schematic representing factors contributing to autoimmune 
disease pathologies. This figure, obtained from Tugnet et. al. 2013, summarizes key 
epigenetic, immunological, endogenous retroviral and other factors contributing to the 
complexity of autoimmune diseases. Alterations and changes in the immunological 
framework of a given organism, as well as epigenetic modifications resulting from 
environmental hazards are some examples highlighted in the circles above. The central 
circle, highlighted in red, represents a hypothetical biomedical effect arising from the 
convergence of these altered properties within an organism. With respect to our study, the 
biomedical effect resulting from these systematic alterations is the onset and progression 
of SLE.   

One of the current goals for the treatment of complex SLE is the establishment of 

targeted options that generate periods of remission with the least side effects. Since the 

course of the disease is unpredictable, doctors cannot foresee what will happen to a 

patient simply by evaluating their physiological and psychological state at the time of 
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initial diagnosis. Furthermore, patient symptoms, medical history, physical examination, 

and laboratory tests are the primary clinical tools used for diagnosing SLE. Many 

symptoms—such as fatigue—are often nonspecific and short-lived. Laboratory test 

results are often inadequate to confirm a diagnosis or inconclusive in their identification 

of the disease state. It is essential that specific factors contributing to the etiopathogenesis 

of SLE are identified to facilitate the generation of more targeted diagnostics and 

therapeutic agents.  

 Our experiments, which examine the antigenic epitopes of HRES-1 in subjects 

with SLE, provide the preliminary data needed to further characterize the role of HERVs 

in autoimmune disease. Since HERVs have been shown to play a role in many associated 

diseases like SLE, RA, MS and scleroderma, this study provides the foundation for 

potential HERV-targeted treatments and diagnostics. We plan to expand on this concept 

in the future by deriving and characterizing human IgG monoclonal anti-HRES-1 

antibodies (mAbs) from peripheral B-cells of subjects with SLE. Briefly, peripheral white 

blood cells (leukocytes) from SLE subjects with strong serological activity to antigenic 

HRES-1 and U1sn-RNP related regions will be purified via a negative selection 

procedure utilizing magnetic beads. To increase the diversity of the B lymphocyte pool, 

white blood cells from several subjects will be combined. Purified B-cells will be 

cultured with fibroblast transfected with human CD40-ligand cells and other essential 

nutrient factors to promote B-cell immortality. Activated B-cells will be subjected to 

standard hybridoma fusion and cloning techniques to enable the production of anti-

HRES-1/U1sn-RNP mAbs. A series of 3-4 limit dilutions will be performed to ensure 
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clonality and stability of the mAb population. Large quantities of the mAbs will be 

purified, fluorescently labeled and utilized to further identify the presence of HRES-1 

protein or peptide in renal and skin tissue specimens in SLE subjects. The tissues will 

also be co-stained for deposited complement and immunoglobulin. Simultaneous staining 

of HRES-1 antigen and immune complexes will reveal if free or bound HRES-1 antigen 

is present within the examined tissue. We will also like to expand the patient population 

to include specimens from subjects with Multiple Sclerosis (MS), Sjogren’s syndrome 

(SS), and Rheumatoid Arthritis (RA), since antibodies to HERVs have been identified to 

play a role in these diseases.  

 The presence of elevated serum IgG levels of anti-HRES-1/U1sn-RNP antibodies 

in SLE subjects and the absence of these respective antibodies in healthy controls, RA 

subjects and subjects infected with exogenous retroviruses suggests that the mechanism 

controlling HRES-1 expression in healthy controls may be lost or modulated in subjects 

with SLE. We propose that HRES-1 expression may be controlled on a transcriptional or 

post-transcriptional level, which may modulate tissue specific expression and respective 

tissue associated pathologies in SLE. To address this issue we will compare HRES-1 

transcript and protein levels using quantitative real-time polymerase chain reaction (qRT-

PCR) and flow cytometry/western blot analyses respectively. HRES-1 transcription 

profiles and protein levels will be characterized in tissue (renal and skin) biopsy samples 

and peripheral blood mononuclear cells (PBMCs) from both SLE and control subjects 

utilizing qRT-PCR and flow cytometry. This will be studied to determine whether a 

correlation exists between the transcription of the HRES-1 message determined by qRT-
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PCR and its actual abundance in different tissue types of SLE and control subjects. Data 

from these experiments will be expanded to determine whether associated SLE tissue 

pathologies during different stages of the disease correlate with fluctuations in HRES-1 

transcription and translation.  

 By addressing the future experiments proposed above, we plan to further 

characterize the role of HERV agents in the pathogenesis of SLE and other related 

autoimmune diseases. This will enable use to explore the diagnostic and therapeutic 

potential of our anti-HRES-1/U1sn-RNP mAbs as a HERV-targeted treatment for 

complex autoimmune disorders. Contrary to the current treatment methodologies used for 

SLE and other associated autoimmune diseases, targeted anti-retroviral therapies will 

reduce the risk of secondary contraindications and will enable doctors to explore 

similarities in the immunomodulatory mechanisms shared between autoimmune disease 

and retroviral infection. We expect to obtain a greater understanding in virology and 

immunology, and use the potential outcomes of our experiments as a foundation for the 

collaborative exploration of potential cures.  
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APPENDIX 

 

APPENDIX Figure 1. Criteria for the Diagnosis of SLE as determined by the 
American College of Rheumatology. Patients under rheumatologic evaluation for a 
potential SLE diagnosis must be positive for 4 of the 11 above criteria in order to have a 
confirmed diagnosis of the disease.  
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APPENDIX Figure 2. Complete HRES-1 Overlapping Peptide Sequence. Detailed 
representation of the HRES-1 overlapping peptide sequence prepared using Mimotopes 
Inc. PepSetTM. The individual peptide numbers (Peptide No.), N-terminus (NTerm), C-
terminus (CTerm), Hydro (hydrophobicity score), Molecular Weight (MWt) and charge 
are given.    
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