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Abstract

Objective—To investigate whether altered DNA methylation contributes to the inappropriate 

expression of LINE-1 (L1) retroelements in primary Sjogren’s syndrome (SS) and systemic lupus 

erythematosus (SLE).

Methods—Minor salivary glands (MSG) were obtained from 42 patients with primary SS [23 

without adverse predictors for lymphoma development (SS-low risk), 7 SS-high risk and 12 

complicated by B-cell lymphoma (SS-lymphoma)] and 17 sicca controls (SC). Additionally, 

kidney biopsy specimens and PBMCs were obtained from 23 and 73 lupus patients, respectively. 

Relative mRNA expression was quantified for full-length L1 transcripts, along with mediators of 

methylation. In an independent set of 44 MSG samples (11 SS-low risk, 10 SS-high risk, 15 SS-

lymphoma and 8 SC), methylation levels of the L1 promoter were determined by bisulphite 

pyrosequencing.
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Results—A strong positive correlation was demonstrated between L1 transcripts and gene 

products that mediate de novo and constitutive DNA methylation, DNA methyltransferase 

(DNMT)3B, DNMT1, and methyl CpG binding protein 2 (MeCP2), in both SS MSG and lupus 

renal tissues. A significant negative correlation was observed between expression of L1 and 

lymphoid-specific helicase (LSH, encoded by HELLS) in both SS MSG and SLE kidney tissues, 

as well as between DNMT3A transcripts and L1 expression in SLE kidney tissues and PBMCs. 

Reduced levels of L1 promoter methylation along with increased DNMT3B, DNMT1, and 

MeCP2, but reduced LSH levels were detected in SS-low risk patients compared to both SS-

lymphoma and SC. The SS-lymphoma group was also characterized by a profound decrease of 

MeCP2 and DNMT3B compared to SC.

Conclusion—Our data support a contributory role of altered methylation mechanisms in the 

pathogenesis of systemic autoimmune disorders and related lymphoproliferative processes and 

suggest that LSH and DNMT3A should be investigated as candidate upstream mediators of 

decreased L1 promoter methylation and increased L1 expression.
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1. Introduction

The abundant representation in the human genome of virus-like repetitive DNA sequences 

derived from transposable elements and the documented capacity of some elements to be 

transcribed and in some cases reinserted into new genomic locations supports those elements 

as important contributors to gene regulation and the evolution of eukaryotic genomes. 

Inadequate control of these elements may impose a threat to genome integrity and contribute 

to disease pathogenesis [1], [2]. We have previously demonstrated that long interspersed 

nuclear element 1 (LINE-1; L1), among the most abundant members of the transposon 

family[3], is overexpressed in target tissues from two systemic autoimmune disorders, minor 

salivary gland (MSG) biopsies from patients with Sjogren’s syndrome (SS) and renal tissues 

from patients with lupus nephritis, and is mechanistically linked to type I interferon (IFN) 

production[4], an important contributor to the pathogenesis of those diseases [5, 6]. 

Additionally, we have also shown an inverse correlation between L1 expression and 

methylation of CpG sites in the L1 promoter in MSG tissues derived from patients with SS, 

suggesting methylation alterations as significant contributors to the L1 derepression seen in 

those tissues[4].

L1 retroelements are retroviral-like, endogenous DNA sequences that are able to amplify 

and transpose to new locations in the genome through an RNA intermediate. Approximately 

80–100 full length active copies have been identified, and though their expression was once 

thought to be restricted to the germline, it has been increasingly appreciated that L1 

expression can occur in several somatic tissues and human neoplasms [3, 7, 8].

Given the potential threat of L1 transposition to the integrity of the human genome, a 

number of host strategies have evolved to maintain control of L1 expression under 
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physiological conditions. Methylation of the L1 promoter [9], destruction of transcripts 

mediated by members of the APOBEC family [10], small inhibitory RNA interference 

mechanisms [11, 12], transcriptional and posttranscriptional regulation by members of the 

SOX family and the MOV10 helicase [13, 14], interactions with DNA repair enzymes [15], 

histone modification through retinoblastoma proteins [16], SAMHD1 mediated formation of 

stress granules[17] and type I IFNs are among the mechanisms that contribute to regulation 

of L1 transcription and activity[18].

Methylation has been suggested as a major repression mechanism for these elements [9, 19], 

mediated by a complex interaction of methylating enzymes. Previous observations supported 

the presence of inter-individual differences in whole blood global L1 methylation, with male 

sex associated with increased L1 methylation levels [20, 21]. In contrast, age and hormonal 

factors did not seem to affect L1 methylation in peripheral leucocytes [21]. The methylation 

machinery includes at least three independent DNA methyltransferases: DNA 

methyltransferase 1 (DNMT1), DNA methyltransferase 3A (DNMT3A) and DNA 

methyltransferase 3B (DNMT3B). DNMT1 is the enzyme responsible for copying 

methylation patterns after DNA replication, and therefore is often referred to as the 

‘maintenance’ methyltransferase. DNMT3A and B are implicated in establishing 

methylation patterns at specific genome locations early in development and are termed de 

novo methyltransferases [22]. Overlapping functions between the various DNMTs are 

essential for maintenance of the methylation status of repetitive L1 elements [23]. DNMT3B 

has been also shown to be essential for methylation of L1 CpG islands on the inactive X 

chromosome [24], while recruitment of methyl-CpG binding protein 2 (MeCP2) by 

methylated L1 sequences has the potential to repress L1 expression in somatic tissues [25, 

26]. Finally, another chromatin remodeling protein, namely lymphocytic specific helicase 

(LSH, encoded by the HELLS gene) has been shown to be essential for completion of 

meiosis and transcriptional repression of repetitive elements in the female gonad [27–30].

In order to identify alterations of host defense mechanisms against inappropriate expression 

of endogenous retroelements that might contribute to the increased expression of L1 and 

type I IFNs that we have observed in SS and SLE[4], we performed quantitative gene 

expression analysis of L1 and members of the methylation machinery in MSG tissue from 

SS patients and affected renal tissues and PBMCs from SLE patients. As we have previously 

observed reduced IFNα transcript levels in salivary gland tissues from SS patients 

complicated by lymphoma[31], we were particularly interested in comparing the relative 

expression and the methylation status of L1 retroelements, as well as expression of members 

of the methylation machinery, between SS-low risk (characterized by the presence of ≤2 risk 

factors for lymphoma development) [32] and SS-lymphoma patients.

2. Patients and Methods

2.1 Patients

The study population included 42 patients with primary SS according to the revised 

American-European Consensus Group Criteria [33] and 17 sicca controls (SC). SC had 

subjective and/or objective features of oral/ocular dryness but did not fulfill the above 

criteria [33]. Primary SS patients and controls had undertaken labial MSG biopsies at the 
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Department of Pathophysiology of the School of Medicine at the University of Athens, 

Athens, Greece, as a routine part of the diagnostic evaluation for SS. A focus score was 

determined for each MSG biopsy sample, as previously described [34]. Forty one out of 42 

SS patients and all SC were females, and they provided informed consent at the time of 

MSG biopsy. Primary SS cases were further classified into two groups: a. a low-risk SS 

group characterized by the presence of ≤2 risk factors previously described as adverse 

predictors for lymphoma development (Salivary gland enlargement, lymphadenopathy, 

Raynaud’s phenomenon, Anti-Ro/SSA and/or anti-La/S SB positivity, Rheumatoid factor 

positivity, Monoclonal gammopathy, and C4 hypocomplementemia) (n=23) [32], b. a high 

risk SS group characterized by the presence of more than 2 aforementioned adverse 

predictors (n=7) and c. an SS-lymphoma group, in which B-cell lymphoma had developed 

(n=12). The mean age±SD of patients with SS-low risk, SS-high risk, SS-lymphoma and SC 

was 51.3±14.4, 49.0±13.7, 52.6±14.0 and 48±12.1, respectively.

The methylation levels of the L1 promoter were determined in an independent set of 44 

samples derived from 11 SS-low risk (11 females), 10 SS-high risk (9 females), 15 SS-

lymphoma (15 females) and 8 SC (8 females).

A commercial preparation of total RNA from normal salivary glands pooled from 24 male/

female Caucasians (ages 15–60; cause of death: sudden death) was used as a source of 

healthy donor RNA (Clontech Laboratories, Inc.).

The study was approved by the Laikon Hospital ethics committee and followed the 

Declaration of Helsinki guidelines.

2.2 Kidney biopsies

Kidney biopsies from 23 patients with lupus nephritis were obtained from the Department of 

Pathology at the New York Presbyterian Hospital, New York, NY and were classified 

according to the International Society of Nephrology ISN/RPS 2003 classification criteria (6 

class III, 14 class IV, 4 class V) [35]. All but two patients were females between the ages of 

11 and 55 at the time of biopsy, fulfilled the American College of Rheumatology 

classification criteria for SLE [36] and provided informed consent. A commercial 

preparation of total RNA from renal tissue derived from a single donor was used as a source 

of healthy donor RNA (#7976, Ambion, USA).

2.3 Peripheral blood mononuclear cells (PBMCs) collection

Seventy-three SLE patients, followed at the Hospital for Special Surgery (HSS) and 

fulfilling the American College of Rheumatology criteria [36], provided blood samples. 

These samples were part of the same SLE patient cohort previously studied for interferon-

inducible gene expression [37]. Similarly, blood samples were collected from 20 healthy 

volunteers after they signed informed consent forms.

Additionally, PBMC-derived genomic DNA from 53 pediatric lupus patients obtained from 

the HSS Lupus Family Registry and 10 healthy controls was analyzed for methylation levels 

of the L1 promoter.
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Twenty milliliters of heparinized blood was centrifuged and the plasma was removed and 

stored at −70°C. The blood was then further centrifuged over Ficoll-Hypaque to obtain 

PBMCs.

2.4 RNA isolation

Total RNA was isolated from MSG biopsies, kidney tissues and PBMCs according to 

standard procedures with the RNeasy Mini Kit (Qiagen, Chatsworth, CA). The quantity of 

the starting total RNA was 0.1 micrograms as calculated by spectrophotometry.

2.5 Preparation of cDNA

Total mRNA was reverse-transcribed using the Superscript III reverse transcriptase system 

from Invitrogen (Carlsbad, CA). Oligo-dT primer was used to amplify mRNA specifically 

and an RNAse inhibitor was included to prevent degradation.

2.6 Quantitative Real-Time Polymerase Chain Reaction

Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR) was used to quantify 

specific cDNAs in MSG and kidney tissues as well as in PBMCs samples using the Bio-Rad 

SYBR Green intercalating fluorophore system with a Bio-Rad I-Cycler thermocycler and 

fluorescence detector (Bio-Rad, Hercules, CA). Primers for the following genes were 

designed with Beacon Designer software (Supplementary Table 1): the 5′ UTR of L1 

(reflecting full-length transcripts), DNMT3B, DNMT3A, DNMT1, MeCP2 (mediators of 

methylation) and LSH, - a chromatin remodeling protein. The reaction was carried out in a 

total volume of 25 μL per reaction. The reaction mixture included 2 μL of template cDNA, 

0.4 μM of each primer, 12.5μl of 2x IQ SYBR Green SuperMix (Bio-Rad), and sterile water. 

The amplification protocol started with 95°C for 4 min followed by 42 cycles at 95°C for 

10s, 60°C for 30s and 72°C for 30s. To assess product specificity, amplicons were checked 

by melting curve analysis. Melting curves were generated from 65°C to 95°C with 

increments of 0.5°C/cycle for 15s at each cycle and all inconsistent results were discarded. 

All reactions were performed in duplicate. The amount of Glyceraldehyde Phosphate 

Dehydrogenase (GAPDH) cDNA was quantified in the samples to control for background 

gene expression. The threshold values were recorded for each sample in the logarithmic 

portion of the amplification curve. Standard curves using known quantities of cDNA were 

created to control for differing efficiency of the PCR reaction at different substrate 

concentrations.

2.7 DNA Extraction

MSG tissues and PBMCs were immediately stored at −80°C upon collection. DNA 

extraction was performed with TRIzol Reagent (Ambion, Life Technologies, USA) in an 

independent set of 22 MSG tissues (8 SS-low risk, 11 SS-lymphoma and 3 SC). Genomic 

DNA derived from 53 lupus PBMCs was isolated using the Qiagen DNA isolation kit. The 

quantity and quality of DNA samples was measured spectrophotometrically (Biospec Nano, 

Japan).
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2.8 Quantification of L1 promoter methylation in salivary gland tissues and lupus PBMC

A prevalidated pyrosequencing-based methylation assay was used to assess 4 CpG sites in 

the promoter region of L1. PCR and pyrosequencing for L1 methylation were performed as 

previously described [38, 39] using the Pyro-Mark kit (Qiagen, Valencia, CA) in minor 

salivary gland tissues.

Methylation analysis of the L1 promoter in PBMC genomic DNA derived from 53 lupus 

patients and 10 healthy controls was performed (GenBank accession number AH005269) by 

bisulfite-PCR Pyrosequencing [40]. DNA (1 μg) was bisulfite modified using the EZ DNA 

Methylation kitTM, according to the manufacturer’s instructions (Zymo Research, Orange, 

CA, USA). The bisulfite treated DNA was subsequently amplified. PCR cycling conditions 

were 95°C for 15min; (95°C 30 s; 63°C 30 s; 72°C 30 s) for 45 cycles, 72°C for 5 min. The 

PCR product, with one of the strands biotin labeled, was purified using streptavidin coated 

sepharose beads (GE Healthcare). The single stranded DNA was generated using Biotage’s 

Vacuum Prep Tool (Biotage, Uppsala, Sweden) as per the manufacturer’s recommendation. 

To quantify the methylation level of the L1 promoter, we performed sequencing of the PCR 

product by pyrosequencing using PyroMark MD System (The Biotage, Uppsala, Sweden). 

Two pyrosequencing primers (5′-AGTCGACTGAGTCGAGCTGGA-GGTCGTCGATA 

-3′) and 5′-ATCATGTCGATGTCGAT -3′) annealed to the ssDNA were used to sequence 

the target regions and quantify the methylation level of 6 CpG sites (labeled CpG pos#1 

through CpG pos#6) of the L1 promoter (CpG island: 49-427).

The degree of methylation was expressed as percentage of methylation based on the allele 

quantification of artificial “C/T” SNPs. The completion of bisulfite modification was 

verified by a built-in non-CpG cytosine control. The high and low methylated DNA controls 

(EpigenDx, MA, USA) were used to ensure the quality of the quantification results. The 

methylation assays were performed at EpigenDX (Worcester, MA, USA).

2.9 Statistics

Differences were considered statistically significant for p<0.05. Comparison between groups 

was performed by unpaired t-test or Mann Whitney test for Gaussian and non-Gaussian 

distributions, respectively. Correlation between gene expression data was determined using 

non-parametric Spearman’s test.

3. Results

3.1 Methylation levels of the L1 promoter in MSG tissues and lupus PBMC

In view of our previous data showing that L1 expression in MSG SS tissues is negatively 

correlated with the methylation status of the L1 promoter and positively correlated with 

mRNA IFNα levels [4], together with the low mRNA IFNα levels detected in MSG tissues 

derived from SS-lymphoma patients [31], we wished to investigate the L1 promoter 

methylation status in our SS patient groups. In accord with our initial hypothesis, the mean 

methylation levels of the L1 promoter in DNA extracted from MSG tissues were 

significantly reduced in SS-low risk patients compared to both SS-lymphoma and SC 

samples (69.2±3.2 vs 72.7±4.0 vs 73.6±0.8, p-values: 0.02, for both comparisons) (Figure 
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1A). While no statistically significant difference was detected between SS-lymphoma, SS-

high risk and SC samples, a borderline significance between high- and low-risk SS was 

observed (p-value: 0.08).

Additionally, whole blood genomic DNA derived from 53 lupus patients exhibited 

significantly lower methylation levels at several L1 CpG sites compared to healthy controls 

(Table 1).

3.2 Mediators of methylation in MSG tissues

In order to investigate whether differential methylation of the L1 promoter between the SS 

groups is related to alterations in enzymes involved in the methylation machinery, transcript 

levels of DNMT1, DNMT3A, DNMTB, LSH and MeCP2 were measured in MSG biopsies 

from SS-low risk, SS-lymphoma and SC using quantitative real-time PCR. Transcript levels 

of DNMT1, DNMT3B and MeCP2 were significantly increased in SS-low risk compared to 

both SS-lymphoma (p-values: 0.01, 0.0005 and 0.0001, respectively) and SC group (p-

values: 0.045, 0.05 and 0.03, respectively). On the other hand, significantly decreased LSH 

levels were observed in the SS-low risk group compared to both SS-lymphoma (p-value: 

0.005) and SC (p-value: 0.02) groups (Figure 1B). Furthermore, SS-lymphoma patients were 

characterized by a profound decrease of MeCP2 and DNMT3B transcripts compared to SC 

(p-values: 0.0009 and 0.02, respectively). No differences were noted between patient groups 

for DNMT3A transcripts (data not shown).

In regard to the SS-high risk group, DNMT3b gene expression was found to be significantly 

lower compared to SS-low risk (0.8±0.9 vs 3.6±4.6, p-value: 0.04) and MeCP2 transcripts 

were significantly higher compared to SS-lymphoma (1.5±1.1 vs 0.6 ±0.2, p-value: 0.007). 

All other comparisons between groups and other methylating enzymes were non-significant 

(data not shown).

3.3 Strong correlation of several mediators of methylation with L1 expression in SS MSG 
biopsies

To explore potential alterations of epigenetic mechanisms of L1 regulation in SS-low risk 

and SS-lymphoma patients, we investigated whether expression of full-length L1 transcripts 

correlates with expression of methylating enzymes in MSG tissue. Figure 2 illustrates a 

strong positive correlation of L1 full length mRNA levels with DNMT3B, MeCP2 and 

DNMT1 transcripts, suggesting their potential compensatory role in controlling 

inappropriate expression of L1 retroelements (r=0.62, p<0.0001, r=0.60, p=0.0001, r=0.69, 

p<0.0001, panels A, B, C respectively). Of interest, a negative correlation between L1 and 

LSH transcript levels was also observed, implying a potential role of this regulator in the 

defective L1 methylation noted in SS MSG tissues (r=−0.42, p=0.03, panel D). A trend 

toward a negative relationship between DNMT3A transcripts and L1 was found (r=−0.3, 

p=0.09) (data not shown). In MSG derived from SC, no associations were detected between 

L1 and methylating enzyme mRNA levels (Supplementary table 2).
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3.4 Mediators of methylation in renal biopsies and PBMCs from patients with SLE

We have previously demonstrated higher L1 expression in affected renal tissues and PBMCs 

from SLE patients compared to HC [4]. To explore a potential regulatory role of members of 

the methylation machinery in the inappropriate L1 expression in SLE, we measured mRNA 

expression of DNMT1, DNMT3A, DNMT3B, LSH and MeCP2 in renal biopsies and 

PBMCs from patients with SLE. In a similar pattern to that observed in SS MSG tissue, a 

coordinate expression of MeCP2, DNMT1 and DNMT3B, was found at the level of renal 

tissues from SLE patients (r=0.48, p=0.02; r=0.52, p=0.01; and r=0.63, p=0.001, 

respectively). On the other hand, significant negative correlations were noted between 

DNMT3A, LSH and L1 expression, suggesting that primary defects of these enzymes could 

account for the increased L1 expression, at least in some of the SLE patients. Similar 

observations were noted when L1 expression was related to a panel of methylating gene 

transcripts in the PBMC from these patients (Supplementary Table 3).

4. Discussion

The burden of transposable elements in the mammalian genome and their potential for 

genome disruption demand redundant and strict control mechanisms to suppress the 

activation and mobility of those parasitic repeat elements. Although transcriptional 

regulation of L1 elements is not fully elucidated, methylation of the L1 promoter is among 

the major mechanisms of L1 suppression [41]. In the current study, we present evidence of 

defective L1 promoter methylation as well as reduced expression of the chromatin 

remodeling enzyme LSH in low risk SS compared to both SS-lymphoma patients and SC, as 

well as an inverse correlation between LSH transcripts and L1 expression in SS and SLE-

derived target tissues. Low risk SS patients – with a probability for lymphoma development 

being less than 5%, are those characterized by the presence of ≤2 independent risk factors 

recently designated as adverse predictors for lymphoma development including salivary 

gland enlargement, lymphadenopathy, Raynaud’s phenomenon, anti-Ro/SSA and/or anti-

La/S SB positivity, rheumatoid factor positivity, monoclonal gammopathy, and C4 

hypocomplementemia [32]. A significantly negative correlation between L1 and DNMT3A 

was also detected in both lupus kidneys and PBMCs, providing a potential mechanism for 

the inadequate L1 control observed in these patients. Furthermore, the observed upregulation 

of the methylation mediators DNMT1, MeCP2 and DNMT3B levels along with the strong 

correlation with L1 expression in target tissues from both low risk SS and SLE implies the 

mobilization of epigenetic host defense responses against inappropriate expression of L1 

endogenous retroelements in these disorders. An opposite pattern was observed in SS 

patients complicated by lymphoma, in which a profound decrease of DNMT1, MeCP2 and 

DNMT3B along with higher L1 methylation and LSH levels (though comparable to that 

observed in SC) was detected compared to low risk SS. The observed differential 

methylation patterns of the L1 promoter provide a potential explanation for the difference in 

L1 expression levels between the two SS groups.

Reduced levels of LSH in MSG tissues derived from patients with low risk SS along with 

the observed negative correlation between LSH and L1 expression in SS MSG and lupus 

kidney tissues might suggest LSH as an important L1 suppressor which is deranged in 
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systemic autoimmune diseases leading to L1 hypomethylation, L1 overexpression and 

induction of the type I IFN pathway. LSH is a member of the SNF2 subfamily of helicases. 

Limited data so far indirectly link LSH to the pathogenesis of autoimmune disease. E2F1 

transcription factors, deficiency of which leads to type I diabetes and SS in non-obese 

diabetic mice [42], have been shown to physically interact with the LSH promoter resulting 

in increased expression of LSH at both transcriptional and translational levels [43]. LSH has 

been also shown to be essential for the proliferation of T lymphocytes, is expressed in the 

lymphoid tissue of the adult mice, and is involved in the maintenance of methylation in 

female gonads, providing a potential clue for the gender bias towards females in SLE and SS 

[27, 44].

Additionally, our data show that DNMT3A levels negatively correlate with L1 expression at 

the level of renal tissues and PBMCs from lupus patients. Together, our data identify LSH 

and DNMT3A as candidate enzymes that might be deficient in systemic autoimmune disease 

and contribute to impaired control of L1 expression. In contrast to our results, a recent study 

reported increased DNMT3A transcripts in PMBCs from lupus patients compared to 

controls, especially among patients of African American origin [45] and another showed 

decreased DNMT1 expression and activity in lupus T cells [46]. A study of salivary gland 

epithelial cells derived from SS patients showed decreased DNMT1 levels along with 

decreased global methylation levels [47]. Methylation enzyme expression may differ 

depending on cell type studied as well as the activation status of those cells.

Next, a positive correlation of several methylating enzymes, including DNMT3B, MeCP2 

and DNMT-1, along with L1 expression was detected in both SLE kidney tissue and SS 

MSG tissues. Similar observations were also made in lupus PBMCs in regard to MeCP2 and 

DNMT3B but not DNMT1 levels. Of interest, the above methylation mediators have been 

previously implicated in L1 control under physiological conditions, and MeCP2 

polymorphisms were found to confer increased SLE and SS risk [23–25, 48, 49]. In 

addition, the risk MeCP2 variant was found to be associated with increased IFN-inducible 

gene expression in patients with lupus, a hallmark of disease pathogenesis [37, 50]. 

Furthermore, increased levels of DNMT3B were previously reported to be higher in PBMC 

from Caucasian but not African American SLE patients compared to healthy controls, along 

with a global decrease in 5-methylcytosine [45].

While SS-low risk and SLE patients seem to share common patterns in the expression of 

various methylation mediators, to our surprise we noted a distinct epigenetic profile in MSG 

tissues from SS patients complicated by lymphoma. In accord with our previous findings 

showing reduced L1 expression levels in SS-lymphoma patients compared to low risk SS, 

methylation levels of the L1 promoter along with LSH transcripts were higher in SS patients 

complicated by lymphoma compared to the benign SS subset. Of interest, differences in 

methylation status between SS and SS lymphoma groups are revealed only when SS group is 

divided into low and high risk since L1 promoter methylation in the high risk-SS group was 

comparable to the SS-lymphoma group and higher (borderline significance) than the low SS 

risk group. This finding could provide a potential explanation for the lack of association 

between methylation status and lymphoma development in a previous report, including a 

mixture of low risk and high risk SS patients [39]. On the other hand, decreased expression 
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of several methylating enzymes, including DNMT3B, MeCP2 and DNMT1, were observed 

in SS patients complicated by lymphoma compared to SS alone and SC, implying a possible 

role of these methylating enzymes in SS-related lymphomagenesis. Though L1 

hypomethylation and increased L1 expression has been reported for numerous solid cancers 

and may represent a mechanism that contributes to genomic instability, there is little 

evidence implicating L1 hypomethylation in the pathogenesis of lymphomas [51]. 

Methylation alterations have been implicated in tumorigenesis either by suppressing tumor 

suppressor genes or by re-depressing normally silenced oncogenes. Several reports viewed 

de novo methyltransferases mainly as oncogenes, since they were found to be increased in 

several cancers and lymphomas and connoted adverse prognosis [52, 53]. However, and in 

line with our current findings in SS related lymphomas, a growing body of data suggest 

rather a tumor suppressive role with inhibition of de novo methylation arising as a central 

oncogenic event in the pathogenesis of hematological malignancies [54, 55]. Of interest, 

inactivating DNMT3A mutations have been also linked to both acute myelogenous leukemia 

and myelodysplastic syndrome [56, 57].

The coordinate expression of endogenous host defense mechanisms that regulate 

endogenous retroelements, including mediators of methylation in association with increased 

expression of L1 mRNA in SS MSG and SLE renal tissue, supports the in vivo relevance of 

these retrotransposon transcripts in patients with autoimmune disorders and may reflect a 

compensatory mechanism aimed at controlling expression of potentially pathogenic L1 

elements. Defective LSH and/or DNMT3A expression, based on genetic variation or 

environmental influences, might underlie the impaired methylation patterns seen in SS and 

SLE patients, identifying LSH as a significant gatekeeper against aberrant autoimmune 

responses through methylation and silencing of endogenous retroelements. Finally, distinct 

epigenetic signatures between SS patients with or without complication with lymphoma 

suggest a potential contribution of these altered epigenetic mechanisms to SS-related 

lymphomagenesis and need to be further explored. Environmental triggers in association 

with genetic variations might precede the epigenetic alterations observed.
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Highlights

• Defective L1 promoter methylation in MSG tissues derived from low risk SS 

and SLE patients compared to controls

• Inverse correlation between the chromatin modelling protein LSH expression 

and L1 expression in SS and SLE-derived target tissues.

• Coordinate expression of L1 mRNA expression with mediators of methylation 

MeCP2, DNMT1 and DNMT3B in SS and SLE-derived target tissues.
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Figure 1. Methylation levels of the L1 promoter and mRNA expression of mediators of 
methylation in MSG tissues from SS patients and controls
A. Statistically significant decreased mean levels of % methylation at 4 CpG sites of the L1 

promoter detected by bisulphite pyrosequencing in SS-low risk patients (n=11) compared to 

SS-lymphoma patients (n=15) and SC (n=8) (mean±SD: 69.2±3.2 vs 72.7±4.0 vs 73.6±0.8, 

p-values: 0.02 for both comparisons). No other statistically significant differences were 

detected in L1 methylation status between 10 high risk SS patients (73.0±5.1) compared to 

all groups studied. Of note, a borderline significance between high- and low-risk SS was 

observed (p-value: 0.08). B. Relative gene expression (RE) of methylating enzymes in MSG 

tissues from SS-low risk patients (n=23), SS-lymphoma patients (n=12) and SC (n=17). All 

transcripts were measured by real-time PCR. Transcript levels of DNMT1, DNMT3B and 

MeCP2 were higher in SS compared to both SS-lymphoma (p-values: 0.01, 0.0005 and 

0.0001, respectively) and SC group (p-values: 0.045, 0.05 and 0.03, respectively). 

Significantly decreased LSH levels were observed in the SS-low risk compared to both SS-

lymphoma (p-value: 0.005) and SC patients (p-value: 0.02). A profound decrease of MeCP2 

and DNMT3B transcripts compared to SC was observed in the SS-lymphoma group 

(p=0.0009 and p=0.02, respectively).
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Figure 2. Association between L1 retroelements and members of the methylation machinery
Relative expression of L1 retroelements and DNMT3B, MeCP2, DNMT1 and LSH was 

measured by real-time PCR in MSG biopsy specimens obtained from SS-low risk and SS-

lymphoma patients. Association between L1 mRNA levels and members of the methylation 

machinery were tested using Spearman’s nonparametric correlation test. L1 expression was 

positively correlated with DNMT3B, MeCP2, DNMT1 transcripts (r=0.62, p<0.0001, r= 

0.60, p=0.0001, r=0.69, p<0.0001 respectively, panels A–C) and negatively correlated with 

LSH mRNA levels (r=−0.42, p=0.03, panel D).
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