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Abstract

The Dahl salt-sensitive (SS) rat is an established model of hypertension and renal damage that is 

accompanied with immune system activation in response to a high salt diet. Investigations into the 

effects of sodium-independent and -dependent components of the diet were shown to affect the 

disease phenotype with Dahl SS/JrHsdMcwi (SS/MCW) rats maintained on a purified diet 

(AIN-76A) presenting with a more severe phenotype relative to grain-fed Dahl SS/JrHsdMcwiCrl 

rats (SS/CRL). Since contributions of the immune system, environment and diet are documented 

to alter this phenotype, this present study examined the epigenetic profile of T cells isolated from 

the periphery and the kidney from these colonies. T cells isolated from kidneys of the two colonies 

revealed that transcriptomic and functional differences may contribute to the susceptibility of 

hypertension and renal damage. In response to high salt challenge, the methylome of T cells 

isolated from the kidney of SS/MCW exhibit a significant increase in differentially methylated 

regions with a preference for hypermethylation compared to the SS/CRL kidney T cells. 

Circulating T cells exhibited similar methylation profiles between colonies. Utilizing 

transcriptomic data from T cells isolated from the same animals upon which the DNA methylation 

analysis was performed, a predominant negative correlation was observed between gene 

expression and DNA methylation in all groups. Lastly, inhibition of DNA methyltransferases 

blunted salt-induced hypertension and renal damage in the SS/MCW rats providing a functional 

role for methylation. This study demonstrated the influence of epigenetic modifications to immune 

cell function, highlighting the need for further investigations.
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Introduction

Cardiovascular disease continues to be the leading cause of death in the United States with 

hypertension listed as the largest risk factor for cardiovascular mortality [1, 2]. Based upon 

the latest blood pressure guidelines released by the American College of Cardiology and the 

American Heart Association, it is estimated that nearly 1 in every 2 adults in the United 

States is hypertensive [3]. Additionally, there is a subset of hypertensive individuals that are 

described as salt sensitive, who exhibit increases in blood pressure in response to increases 

in dietary sodium intake [4]. The exact mechanisms responsible for this sensitivity to sodium 

intake are unclear, but environmental and genetic factors are known to play a key role in the 

development of hypertension.

The Dahl salt-sensitive (SS) rat is a well characterized genetic animal model utilized to 

investigate the mechanisms in the development of hypertension and related renal damage. 

Important mechanisms recently demonstrated to be critical in SS hypertension include 

environmental factors [5, 6] and the immune system [7, 8]. It has been shown that 

environmental factors, including changes in diet during the gestation and lactation periods 

can greatly alter the disease phenotype. The Dahl SS rats fed a purified casein-based diet 

have a more pronounced hypertensive phenotype accompanied by an increase in infiltration 

of immune cells into the kidneys compared to the Dahl SS rats maintained on a grain-based 

diet [5]. Additionally, a transcriptomic analysis of T cells isolated from kidneys of Dahl SS 

rats fed these different diets demonstrated a functional difference in those T cells [8]. These 
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findings suggest that epigenetic modifications are contributing to the differences in gene 

expression and disease phenotype observed between Dahl SS rats fed different diets.

It is reported that epigenetic modifications, such as in DNA methylation, contribute to the 

development of cardiovascular disease [9] and hypertension [10, 11]. Epigenetic 

modifications have also been shown in animal models of hypertension to contribute to the 

disease process. The Dahl SS rat demonstrates changes in DNA methylation profiles in the 

outer medulla of kidneys when fed a high salt diet [12, 13]. Given that immunity and 

epigenetics have been implicated in the development of hypertension, this study investigated 

the DNA methylation profile in T cells isolated from the circulation and from the kidneys of 

the Dahl SS rats fed different diets before and after a high salt challenge. DNA methylation 

was then compared to gene expression determined with an RNA-seq analysis [8]. Lastly, the 

functional role of methylation in the hypertensive phenotype in the Dahl SS rat was tested 

via administration of DNA methyltransferase inhibitor, decitabine.

Methods

The authors declare that all supporting data are available within the article and its online 

supplementary files. Additionally, all raw reduced representation bisulfite sequencing 

(RRBS) data generated from these studies have been made publicly available in NCBI’s 

Gene Expression Omnibus [14] and can be accessed through GEO Series accession number 

GSE132417 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE132417). The raw 

data for the RNA sequencing data has previously been made publicly available, GSE127000 

[8].

Animals and Diet.

As previously described [8], all experiments were performed on age-matched male, inbred 

Dahl SS rats from two colonies: the inbred colony maintained at the Medical College of 

Wisconsin, SS/JrHsdMcwi rats (denoted SS/MCW) fed a casein-based diet, and 

commercially available Dahl SS rats purchased as weanlings (postnatal day 22) from 

Charles River Laboratory, SS/JrHsdMcwiCrl (denoted SS/CRL) fed a grain-based diet. As 

previously reported [8], SS/CRL rats are protected from salt-induced hypertension (116 vs 

142 mmHg MAP), albuminuria (22 vs 163 mg/day), and renal immune cell infiltration 

compared to SS/MCW after three weeks of a HS diet. Moreover, the SS/CRL were derived 

from the SS/MCW colony in 2001 and a comparison of expressed sequences confirmed a 

high degree of genetic identity between the two colonies with 0.00001% difference at a 

nucleotide level [6]. Embryo transfer studies have illustrated that the phenotypic differences 

observed in hypertension and renal damage are independent of these minimal genetic 

differences. The influence of the diet/environment thus appears to lead to the difference in 

disease phenotypes. Animals were maintained on their respective parental diet (SS/MCW: 

0.4% NaCl AIN-76A Dyets Inc., SS/CRL: 0.75% NaCl Teklad 5L2F) from weaning until 7 

weeks of age, when animals were switched to the high salt diet, 4.0% NaCl AIN-76A Dyets 

Inc., for 3 weeks. Additionally, control animals were maintained on their respective low salt 

diets throughout the 10-week study. All protocols were approved by the Medical College of 

Wisconsin Institutional Animal Care and Use Committee.
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A detailed description of all other methods can be found in the Online Supplement [15–21].

Results

Robust identification of methylation regions in isolated T cells.

Since these two colonies exhibit distinct phenotypic differences in response to a high salt 

diet, DNA methylation status was assessed in isolated T cells from blood and kidneys of 

SS/MCW and SS/CRL rats fed either low or high salt diets at single-base resolution. When 

comparing the low salt versus high salt, there were similar numbers of methylated regions 

identified between SS/MCW and SS/CRL in both kidney and blood T cell genomes (Figure 

1A). Interestingly, the kidney T cells isolated from rats fed the high salt diet had a significant 

increase in global methylation rate compared to kidney T cells isolated from low salt fed 

animals with a greater difference seen in the SS/MCW rats (Figure 1B). In contrast, the 

global methylation rate of the blood T cells between low and high salt states was not 

significantly altered in either colony (Figure 1C). These results highlighted that significant 

increases in global methylation rates are specific to the infiltrating kidney T cells while there 

is no effect of high salt on methylation rate of blood T cells. Additionally, there was a 

greater increase in global methylation rate in the SS/MCW kidney T cells when compared to 

the SS/CRL kidney T cells.

SS/MCW kidney T cells have a greater hypermethylation of differentially methylated 
regions in response to high salt diet than SS/CRL rats.

Utilizing the same data set illustrated in Figure 1, we applied the previously mentioned 

criteria to identify differentially methylated regions (DMRs) in both kidney and blood T 

cells when comparing HS versus LS (Figure 2A). There was a significantly greater number 

of DMRs in the SS/MCW kidney T cells compared to the SS/CRL rats in response to a high 

salt diet (~6,000 vs ~2,000 DMRs, p<0.05). Interestingly, in comparison to the number of 

DMRs identified from kidney T cells, there were considerably fewer DMRs in response to a 

high salt diet in the blood T cell genome in both colonies of rats. Moreover, the number of 

DMRs in the blood T cells were similar between the SS/MCW and SS/CRL rats with no 

significant difference observed (~400 DMRs in both colonies). From the number of DMRs, 

we determined whether a region was either hyper- or hypomethylated and plotted the 

number of regions against the absolute methylation difference between high and low salt. 

While the number of DMRs in the kidney T cells in both colonies were predominantly 

hypermethylated, using a chi-square test there was a significantly greater proportion of 

hypermethylated regions in the kidney T cells of SS/MCW compared to the SS/CRL at each 

absolute methylation difference (Figure 2B). This interesting finding was specific to the T 

cell of the kidney because investigations into the methylation differences of the blood T cells 

revealed no significant differences between the SS/MCW and SS/CRL DMRs (Figure 2C). 

Additionally, the blood T cells did not demonstrate a tendency for hypermethylation that was 

observed in the kidney T cells of both colonies. The two colonies exhibited similar 

methylation patterns in the blood T cells at each methylation difference. The complete list of 

the DMRs is provided in Supplemental File S4.
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Greater differential methylation between SS/MCW and SS/CRL is observed in T cells 
isolated from the kidney than in T cells from the blood of rats fed high salt.

Additional direct comparisons were made between kidney and blood T cells of SS/MCW 

and SS/CRL on both the LS and HS diets (Supplemental Figure S1). Examining all the 

methylation regions at LS showed significantly lower global methylation rates of kidney T 

cells in SS/MCW than SS/CRL (Supplemental Figure S1A). Moreover, there were ~1,000 

DMRs observed in the kidney and blood T cells when comparing SS/MCW versus SS/CRL 

rats on a LS diet (Supplemental Figure S1B). There was no specific pattern for hyper- or 

hypomethylation of the DMRs in either kidney or blood T cells comparing the two colonies 

while fed on a LS diet (Supplemental Figure S1C). However, examination into the HS 

comparison demonstrated a higher methylation rate in SS/MCW kidney T cells versus 

SS/CRL kidney T cells at HS while there was no difference observed in the blood T cells 

(Supplemental Figure S1D). The number of DMRs were significantly greater in the kidney T 

cells (~3,200) compared to blood T cells (~1,000) in the SS/MCW to SS/CRL comparison 

on HS (Supplemental Figure S1E). Lastly, there was a significantly greater number of 

DMRs that were hypermethylated in the kidney T cells than in the blood T cells while on HS 

(Supplemental Figure S1F). These data are consistent with the comparison of LS versus HS 

shown in Figure 2.

Significant overlap between differential gene expression and methylation in T cells 
isolated from the same group of SS/MCW and SS/CRL rats.

Since DMRs often play an important role in regulation of gene transcription, a combined 

RNA-seq and RRBS analysis was performed comparing blood and kidney T cells within 

each of animal to investigate the relationship between expression and methylation in 

SS/MCW and SS/CRL rats. A diagram of the approach taken is shown in Supplemental 

Figure S2. In order to discover which genes were being differentially methylated in these 

groups, the number of DMRs across the genome comparing kidney versus blood T cells 

among the four groups was first identified (Figure 3A). Next, the number of genes that had 

at least one DMR in the TSS region when comparing kidney to blood T cells was totaled. 

Across the four groups of animals, there were comparable numbers of genes (~2000 genes) 

that had at least one DMR in the TSS region (Figure 3B). This list of genes was then 

compared to the genes identified as having differential expression using the RNA-seq data 

that we previously described (RNA-seq) (Figure 3C). Using a fisher’s exact test, there was a 

significant overlap between those lists of genes in all 4 groups (~700 genes, p<0.001). Upon 

identifying the genes that were both significantly differentially expressed and methylated, 

these genes were plotted based on change in expression and methylation to better understand 

the relationship (Figure 4A). This analysis revealed the association between methylation 

difference and expression difference in those genes which demonstrated a greater number of 

negatively correlated genes than positively correlated genes in all groups (p<0.001). The 

complete list of the genes is provided in Supplemental File S5. To examine the biological 

functions of these genes, an Ingenuity Pathway Analysis (IPA) was performed on all the 

genes. The top ten altered canonical pathways were identified based upon their activation z 

scores shown in the heat map in Figure 4B. In addition to the canonical pathways, we also 

utilized the “Upstream Regulators” module which allowed us to identify upstream regulators 
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and their predicted activated status (Figure 4C). The top upstream regulator identified was 

decitabine which is a known inhibitor of the DNA methyltransferase enzymes. Based upon 

these data, further experiments were performed to assess the influence of decitabine on salt-

induced hypertension in SS/MCW. The complete list of pathways and upstream regulators is 

provided in Supplemental File S6.

Decitabine administration attenuated the salt-sensitive hypertension and renal damage 
phenotype in Dahl SS rats.

In order to investigate a functional role of methylation in development of hypertension and 

renal disease in the SS/MCW rat, decitabine was administered to reduce newly synthesized 

methylation from occurring. Prior to any treatment, there was no difference in mean arterial 

pressure (MAP) between the two groups during the 0.4% NaCl (LS) time period (Figure 

5A). Upon switching to 4.0% NaCl diet (HS), the vehicle treated animals exhibited a 

significant increase in MAP compared to the LS baseline that persisted throughout the HS 

challenge. This increase in MAP was delayed in the decitabine treated rats until HS day 9 

when it reached statistical significance compared to baseline MAP. Additionally, MAP was 

significantly elevated in the vehicle group compared to decitabine group starting at HS day 8 

through the remaining HS period (HS 14: 163±7 vs. 141±4 mmHg, p<0.001). Albuminuria 

and proteinuria, markers of renal damage, were comparable between the two groups during 

LS; however, following the HS diet, there was a similar pattern in both albuminuria (HS14: 

182.1±23.6 vs. 119.1±18.6 mg/day, p<0.01) and proteinuria (HS14: 322.0±41.8 vs. 

221.7±28.6 mg/day, p<0.01) as there was in the MAP (Figure 5B and 5C). These results are 

the same when albumin is normalized to creatinine (Baseline: 2.98±0.45 vs. 1.41±0.31, 

p>0.05, HS14: 15.66±2.25 vs. 8.21±1.66, p<0.01, vehicle vs. decitabine, respectively). The 

protection that decitabine treatment provides is specific to the high salt diet. Low salt 

controls receiving vehicle or decitabine treatment exhibited comparable baseline 

measurements (MAP: 120±2 vs. 121±1 mmHg, albuminuria: 13.5±1.4 vs. 16.1±2.5 mg/day, 

proteinuria: 45.4±3.2 vs. 55.4±4.6 mg/day, p>0.05, vehicle vs. decitabine, respectively). 

Moreover, decitabine treatment had no effect in animals maintained on a low salt diet since 

these parameters were not statistically changed throughout the duration of the experiment 

(Day 14: MAP: 126±1 vs. 127±1 mmHg, albuminuria: 33.5±7.2 vs. 38.3±9.6 mg/day, 

proteinuria: 72.5±11.6 vs. 79.0±9.5 mg/day, p>0.05, vehicle vs. decitabine, respectively). 

Histological analysis of the right kidney revealed a significantly greater percentage of outer 

medullary protein casting in the vehicle controls relative to decitabine-treated animals 

(10.6±1.3 vs. 6.9±1.0%, p<0.05) (Figure 5D). Similarly, glomerular injury was improved in 

the decitabine-treated animals compared to the vehicle group quantification (Figure 5D). 

Lastly, we confirmed that decitabine administration reduced the percentage of methylation in 

circulating T-cells compared to vehicle-treated animals (Figure 5E).

Infiltrating renal immune cells were reduced following decitabine treatment in the Dahl SS 
rat.

Performing flow cytometry on immune cells isolated from the left kidney revealed there 

were significantly fewer leukocytes (CD45+) infiltrating the kidneys of the decitabine-

treated rats than controls (Figure 6A). This reduction was also observed in the number of 

CD11b/c+ monocytes and macrophages (Figure 6B) and CD45R+ B-cells (Figure 6D); 
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however, CD3+ T cells did not differ between the two experimental groups (Figure 6C). The 

immune cell profile was also studied in the circulating immune cells which is shown in 

Supplemental Figure S3 demonstrating less of an effect on the levels of circulating cells.

Discussion

Epigenetics play a critical role in the development of hypertension and renal disease in both 

humans as well as animal models [11–13, 22–24]. In particular, DNA methylation has been 

highly studied as a mechanism by which gene expression is altered in response to an 

environmental stimulus. It has been demonstrated that the methylome of the renal outer 

medulla of the Dahl SS rat is significantly changed in response to a high salt diet [12]. That 

study provided proof of principle that methylation is contributing to the disease phenotype in 

the Dahl SS; however, the tissue samples were not a homogenous population since the 

kidney has many different cell types. Taking into account the role of the T cell in the 

amplification of the disease process [8, 25] we sought to thoroughly evaluate the methylation 

profile of the infiltrating kidney T cells and the circulating blood T cells in Dahl SS rats.

We report that the kidney T cells demonstrate a unique hypermethylation profile in response 

to a high salt challenge. The methylome analysis revealed a greater number of DMRs in the 

T cell genome of SS/MCW rats on a high salt diet relative to SS/CRL rats. Furthermore, the 

DMRs in the SS/MCW rats had a greater hypermethylation compared to the SS/CRL. While 

we can speculate that the colony- and tissue-specific hypermethylation that occurs in the 

kidney T cells of SS/MCW could be initiated by the exposure to a high salt diet, it is 

plausible that pressure in the hypertensive kidney could contribute to this differential 

methylation. Evans et al. demonstrated that elevated renal perfusion pressure was sufficient 

to drive immune cells into the kidney of Dahl SS rats [26]. When servo-controlling perfusion 

pressure to the left kidney, this reduced pressure was associated with a reduction in 

infiltrating immune cells relative to the contralateral kidney exposed to high-salt induced 

hypertension. While these experiments were not performed for this study, we cannot rule out 

any potential contributions of increased renal perfusion pressure or related tissue damage has 

on methylation status.

Epigenetic modifications also play a principal role in the regulation of the immune system 

through development, activation and function of each cell type [27, 28]. DNA methylation in 

the T cell can affect gene expression of the transcriptional network which can modify the T 

cell’s capacity to further differentiate and function [29]. Due to the isolation of T cells via 

OX52 antigen, we are unable to differentiate which T cell subset(s) exhibit these methylation 

changes in response to a high salt diet. Investigation into the relationship between gene 

expression and DNA methylation status of the T cell could give us some indication the cells 

types exhibiting changes in function due to methylation. The RNA-seq data showed 

upregulation of interferon-γ and TNF-α in SS/MCW kidney T cells in response to a high 

salt diet that would suggest that some of these T cells are of the T helper lineage; however, 

we cannot be certain.

This analysis revealed a significant number of genes that had both differential methylation 

and expression with a significant inverse correlation between them. One collection of genes 
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of interest where this inverse relationship held true are genes related to redox regulation: 

Nox4, Cybb (Nox2) and Ncf2. These genes have been implicated in the pathogenesis of salt-

sensitivity in the Dahl SS rat [30, 31]. It is logical to reason that regulation, via DNA 

methylation, of these genes could be playing a role in the disease phenotype of Dahl SS rats. 

Yet, there are some genes that did not follow the inverse relationship between methylation 

and expression when examining blood versus kidney T cells in any of the comparisons. Two 

genes of interest that strayed from this relationship are Socs3 and Kdm2a. Socs3, which was 

upregulated in the T cells in the kidney, is important in the differentiation of naïve T cells 

into Tregs through the negative regulation of IL-23 [32], which in our data exhibited a 

positive relationship between methylation and expression. With an upregulation of Socs3 in 

the kidney T cells, it is conceivable that the T cells in the kidney are not of the Treg lineage 

since these animals exhibit hypertension and renal damage. Conversely from Socs3, Kdm2a 

gene expression and methylation exhibited a downregulation in our dataset. Kdm2a encodes 

for lysine demethylase that removes methyl groups from specific histone lysine residues that 

can alter enzymatic activity of DNMT enzymes [33]. While the inverse relationship between 

DNA methylation and gene expression predominated in circulating versus kidney T cells 

(Figure 4A), it is important to note that other comparisons did not exhibit this 

straightforward inverse relationship between DNA methylation and RNA expression. These 

observations indicate that factors other than DNA methylation are likely influencing gene 

expression to the same or greater extent.

Our results suggest that increases in dietary sodium alter methylation status in T cells in a 

colony- and tissue-specific manner, but the exact mechanisms responsible for these changes 

are unclear. Examination of the RNA-seq data for the gene expression of methylation 

machinery revealed a down regulation of TET enzymes, which are responsible for reversal 

of DNA methylation, in T cells isolated from the kidney when compared to those in the 

circulation. Surprisingly, gene expression for the DNMT enzymes was also downregulated 

in the kidney T cells relative to circulating T cells; however, it is possible that if we isolated 

T cells when the high salt diet was first introduced we could have observed differential 

expression since we detected global hypermethylation in T cells isolated from the kidney.

There are many other mechanisms which regulate gene expression in disease; for instance, 

both histone modifications and small RNAs have been shown to contribute to the 

development of hypertension [10]. In the comparison of T cells isolated from the circulation 

and the kidney, there was a general downregulation of genes associated with histone 

acetyltransferase, histone lysine demethyltransferase and histone lysine acetyltransferase 

enzymes amongst all the groups. Yet, there were 3 genes classified as histone deacetylases 

that were upregulated in this comparison: HDAC11, Sirt3 and Sirt5. Each of these genes has 

been implicated in the regulation of either immune cells [34] or reactive oxygen species [35] 

in cardiovascular disease and hypertension. Taking these observations together demonstrate 

how gene expression regulation can be attributed to multiple epigenetic modifications.

With the IPA analysis of methylation indicating that decitabine was the top potential 

upstream regulator of gene expression from the isolated kidney T cells, we wanted to test the 

functional role of DNA methylation in the salt-sensitive phenotype observed in Dahl SS rats. 

Decitabine is a demethylating agent that is generally prescribed to treat hematological 
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malignancies [36] with the most common adverse effects of administration being 

myelosuppression [37]. A meta-analysis of hypomethylating agents (HMAs) administration 

to individuals with myelodysplastic syndromes or acute myeloid leukemia concluded that 

use of HMAs are associated with an increased risk of neutropenia and thrombocytopenia 

relative to placebo-treated subjects. In the context of this study, rats treated with decitabine 

demonstrated blunted hypertensive and renal damage phenotypes relative to the vehicle-

treated controls without exhibiting any obvious side effects (Supplemental Figure S7). Also, 

this inhibition of methylation caused a reduction in infiltration of total CD45+ leukocytes as 

well as CD11b/c+ macrophages and CD45R+ B cells into the kidneys of the decitabine-

treated animals. Our laboratory has previously demonstrated the contribution of 

macrophages and lymphocytes to salt-sensitive hypertension and renal disease in the Dahl 

SS rat [38, 39] so the reduction in both macrophages and B cells could also add to the 

protection observed in the decitabine-treated rats. While the number of infiltrating T cells 

into the kidney did not differ between these two experimental groups, a limitation of this 

study was that functional tests of these T cells were not performed. Future studies in this 

area will focus on the functional changes associated with treatment of a demethylating 

agent.

Since there is a very small genetic difference between SS/MCW and SS/CRL [6], it is 

possible that these changes in methylation could be attributed to this minor difference. 

However, previous data from our group demonstrated that SS/MCW rats fed a grain-based 

diet also exhibited an attenuation in salt-induced hypertension and renal disease [40]. 

Methylation status was not measured in the T cells in that study, but we would anticipate 

methylation to differ from the SS/MCW rats maintained on the casein-based diet. In the 

future, to help discern the effects of strain- or diet-related differential methylation, the two 

diets of these colonies could be switched to help separate out any confounding results with 

respect to T cell methylomes.

Our study demonstrated that there are profound alterations in T cell methylomes in a colony- 

and tissue-specific manner, and we believe these epigenetic modifications are one part of the 

bigger picture contributing to the predisposition of salt-sensitive hypertension and renal 

damage. Our current overall working hypothesis is that both sodium-dependent and –

independent components of the diet lead to release of metabolites via the gut microbiota 

[41], which could result in changes in methylation status and gene expression of T cells to 

potentiate the salt-sensitive phenotype [8]. Future studies will focus on understanding 

mechanisms leading to changes in DNA methylation and the impact of such changes on 

gene expression and cell function in the development of salt-sensitive hypertension and renal 

disease.

Perspectives

These data demonstrate T cell epigenomes can be influenced by environmental factors such 

as diets, and these alterations can impact the severity of salt-induced hypertension and renal 

damage. By isolating a single cell type, these findings highlight the changes in methylation 

status between infiltrating and circulating T cells as well as the impact of sodium-dependent 

and –independent components of diet on epigenetic modifications. Through administration 
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of methylation modifiers, the salt-induced hypertension and renal damage in the Dahl SS rat 

was attenuated, which demonstrates the potential of targeting methylation as a therapeutic 

option.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Significance

1. What Is New-

• Hypermethylation of differentially methylated regions was specific 

to the infiltrating kidney T cells rather than circulating T cells of 

disease prone SS/MCW rats fed a purified high salt diet compared to 

grain-fed SS/CRL rats.

• Chronic inhibition of DNA methyltransferase via administration of 

decitabine demonstrated a functional role of methylation in the 

blunting of the salt-induced hypertension and renal damage 

phenotype in the SS/MCW rat.

2. What Is Relevant- Utilizing a pre-clinical model of salt-sensitive hypertension 

and renal damage that has been shown to influenced by environmental factors, 

these studies provide a new understanding for epigenetic modifications that 

occur in compartment specific T cells and how methylation can be altered to 

improve the hypertensive phenotype.

3. Summary- Environmental factors such as diet altered the degree of 

methylation of T cells from Dahl SS rats in a compartment specific manner 

with kidney T cell genome exhibiting a greater degree of hypermethylation 

than circulating T cells. By inhibiting methylation, the salt-sensitive 

phenotype was blunted in the SS/MCW rats.
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Figure 1. RRBS analysis identifies an increase in methylation rate in kidney T cells but not in 
blood T cells in response to a high salt diet.
(A) Total number of identified methylation regions following RRBS analysis of isolated T 

cells from blood and kidney of SS/MCW and SS/CRL rats separated by genomic location. 

(B) Kidney and (C) Blood T cells methylation rate of all methylation regions on low salt 

(LS) or high salt (HS) diet separated by genomic location. *p<0.05 vs LS. 

TSS=Transcription Start Site
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Figure 2. SS/MCW kidney T cells have greater hypermethylation in response to high salt diet 
than SS/CRL while there was no difference in blood T cells.
(A) There were significantly more DMRs in the SS/MCW kidney T cells compared to 

SS/CRL kidney T cells while there were comparable number of DMRs identified in the 

blood T cells between colonies. (B) Additionally, the DMRs in the kidney T cells were 

primarily hypermethylated in both colonies with a greater number of DMRs in the SS/MCW 

colony at each range of absolute methylation difference. (C) There were no significant 

differences observed in the methylation status between the blood T cell DMRs between the 

two colonies. *p<0.05 vs SS/CRL.
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Figure 3. Significant overlap between differential gene expression and differential methylation 
status in T cells isolated from the same group of SS/MCW and SS/CRL rats.
(A) The number of differentially methylated regions (DMRs) amongst SS/MCW and 

SS/CRL on both low salt (LS) and high salt (HS) diets when comparing kidney versus blood 

T cells. (B) The number of genes with DMRs specifically in the transcription start site 

(TSS). (C) Venn diagrams showing the number of genes that exhibit both significant 

differences in expression as well as significant changes in methylation at the TSS comparing 

both blood and kidney T cells. *p<0.001 significant degree of overlap between the genes 

from the RNA-seq and RRBS data.
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Figure 4. Combined analysis of RNA-seq and RRBS data demonstrates a predominantly 
negative relationship between methylation and expression.
(A) Scatter plots of genes which had significant differential methylation and expression to 

identify those with negative relationship between methylation and expression (highlighted in 

blue) or positive relationship when comparing blood versus kidney T cells within each 

group. (B) Utilizing IPA, we analyzed those genes and identified the top canonical pathways 

that were significantly overrepresented. (C) The top upstream regulators that are predicted to 

be activated or inhibited. *p<0.001 significant difference in the number of genes that have 
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positive correlation between methylation and expression versus those which have a negative 

correlation.
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Figure 5. Inhibition of methylation via decitabine administration attenuated salt-induced 
hypertension and renal damage.
(A) Daily mean arterial pressure (MAP) (B) Albumin excretion and (C) protein excretion 

were significantly lower in the decitabine treated rats during the high salt challenge relative 

to vehicle treated animals. (D) Decitabine treatment reduced the percentage of medullary 

tubular protein casts and improved glomerular damage in the kidney compared to control. 

(E) Decitabine administration significantly reduced percentage of methylation in circulating 

T cells compared to vehicle treated. *p<0.05 vs Vehicle LS, #p<0.05 vs Decitabine LS, 

^p<0.05 vs Vehicle. n=9-11/ group.
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Figure 6. Renal immune cell profile following decitabine administration in Dahl SS rats.
(A) Infiltrating leukocytes into the kidney (CD45+). (B) Infiltrating monocytes and 

macrophages into the kidney (CD11b/c+). (C) Infiltrating T cells into the kidney (CD3+ T 

cells) (D) Infiltrating B cells into the kidney (CD45R+ B cells). ^p<0.05 vs Vehicle. n=9-11/ 

group.
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