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INTRODUCTION 
 

In organisms as diverse as yeast and humans, age-

related changes in chromatin structure contribute to 

alterations in gene expression and progression to aging 

phenotypes [1]. The extracellular matrix (ECM) defines 

tissue compartments and orchestrates organ develop-

ment and function [2]. ECM structure and function are 

altered with aging [3, 4]. Specifically, one of the 

hallmarks of aging kidneys is the aberrant accumulation 

of ECM proteins in the interstitium (interstitial fibrosis) 

[5, 6]. These alterations contribute to the age-related 

decline of kidney function, culminating in the 

organism’s death. Previously we have shown that, 

during aging, transcription of the ECM gene Col3a1 is 

increased in rat kidneys, a finding associated with 

aberrant accumulation of collagen III protein in the 

interstitium [7].  

 

Laminins, along with collagens, are ECM proteins 

abundant in basement membranes [8, 9]. Laminins are 

heterotrimer proteins consisting of α, β, and γ chains 

(one of each) [10]. In mammals, there are five α, three β 
and three γ chains, each encoded by its own gene.  These 

chains assemble into 16 known laminin isoforms, and 

several of them have tissue-specific distribution [11]. 

Balanced temporal-spatial expression of specific laminin 

isoforms is important in maintaining organ architecture 

and function [8]. In kidneys, laminins are essential to the 

structure of the glomerular basement membrane (GBM), 

mesangial matrix (MM) and tubular basement membrane 

(TBM) [12]. The integrity of these membranes, in turn, is 

important for efficient blood filtration, nutrient re-

absorption, solute homeostasis and waste removal. Some 

age-related changes in laminin chain B1 and s-laminin 

(encoded by Lamb1 and b2 genes) proteins were reported 

in the GBM [5], but to our knowledge, an analysis of 
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ABSTRACT 
 

Dysregulation of gene expression  is a hallmark of aging. We examined epigenetic mechanisms  that mediate

aberrant expression of  laminin  genes  in  aging  rat  kidneys.  In old  animals, no  alterations were  found  in  the
levels of abundant laminin mRNAs, whereas Lama3, b3, and c2 transcripts were increased compared to young
animals.  Lamc2  showed  the  strongest  changes  at  the  mRNA  and  protein  levels.  Lamc2  upregulation  was
transcriptional,  as  indicated  by  the  elevated  RNA  polymerase  II  density  at  the  gene.  Furthermore,  aging  is
associated with the loss of H3K27m3 and 5mC silencing modifications at the Lamc2 gene. Western blot analysis
revealed no changes in cellular levels of H3K27m3 and cognate enzyme Ezh2 in old kidneys. Thus, the decrease
in H3K27m3 at  Lamc2  resulted  from  the  re‐distribution of  this mark among genomic  sites. Studies  in kidney
cells  in vitro showed  that  reducing H3K27m3 density with Ezh2  inhibitor had no effect on Lamc2 expression,
suggesting that  this modification plays  little role  in gene upregulation  in aging kidney.  In contrast, treatment

with DNA methylation  inhibitor 2'‐deoxy‐5‐azacytidine was  sufficient  to upregulate  Lamc2 gene. We  suggest
that the loss of 5mC at silenced laminin genes drives their de‐repression during aging, contributing to the age‐
related decline in renal function.  
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changes in expression of all laminin chains in aging 

kidneys has not been done until now.   
 

Although it is well established that aging in vivo and 

senescence in vitro trigger epigenetic changes that alter 

gene expression patterns [1, 13], few studies have 

examined the contribution of epigenetic changes to age-

related deregulation of ECM genes whose products 

maintain normal organ architecture. Here, we used a rat 

model of aging to elucidate changes in the epigenetic 

status of laminin chain genes in old kidneys.  
 

RESULTS 
 

Expression of laminin genes in young and old kidneys 
 

To distinguish between common versus genotype-

specific   changes  in  laminin  gene   expression  during  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aging, we used F344 and FBN-F1 rat lines, two es-

tablished model systems supported by the National 

Institute of Aging (NIA). As life spans of these two rat 

lines are substantially different, we compared young 

animals (4 months old, 4 mo) to animals at the age 

corresponding to their median life span (50% survival), 

which is close to 24 months for F344 rats and 32 

months for FBN-F1 rats [14]. 28 mo F344 rats (10% 

survival) were also used to examine progression of 

changes with aging. 

 

The results of RT qPCR analysis of laminin transcript 

levels in F344 and FBN-F1 rat kidneys are shown in 

Figure 1A. Lama2, a4, a5, b2, c1, and c3 were highly 

expressed in young animals, with no change in old 

animals. In contrast, laminin genes expressed at very 

low levels in young animals – Lama3, b3, and c2 – were 

induced in old animals, with the largest changes seen  in  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Changes in laminin gene expression associated with aging in rat kidneys. RNA was extracted
from kidney fragments of 4 and 28 months old (mo) F344, and 4 and 32 mo FBN‐F1 animals. Equal amounts of
each RNA preparation were reverse transcribed and analyzed by qPCR with primers to laminin genes. Transcript
levels were normalized to Gapdh mRNA. (A) Laminin mRNA  levels were averaged per age group. Bars represent
mean +SD, n=6 per  age  group.  Inset,  Lama3  and b3 mRNA  levels  in  FBN‐F1  animals  shown  at different  scale.
*p<0.05, **p<0.005. (B) Western blot analysis of Lamc2 levels in kidney extracts. β‐Actin antibodies were used as
a control. Densitometry analysis of blots is shown in the graph below as Lamc2/β‐actin band ratio, mean +SD. (C)
Pol II levels at Lamc2 gene were examined by ChIP assay with primers to the promoter of Lamc2 gene (‐200 bp).
Pol II density, expressed as a percent of input, is plotted against Lamc2 mRNA level. All age groups are shown.  
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the Lamc2 transcript. Increased expression of Lamc2 in 

old F344 kidneys was also clearly detectable at the 

protein level (Figure 1B). The increase of Lamc2 in 

aging kidneys was associated with a matching increase 

in the density of RNA polymerase II (Pol II) recruited to 

the gene (Figure 1C), implicating transcriptional activa-

tion. Next, we explored the possibility of epigenetic 

dysregulation driving increased Lamc2 transcription.  

 

Increases in laminin transcript levels in aging 

kidneys are matched by decreases in the level of 

H3K27m3 histone modification at the corresponding 

genes 

 

To define the role of epigenetic processes in the 

deregulation of laminin gene expression in aging kid-

neys, we used Matrix ChIP  assay  [15]  with anti-bodies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

to several histone modifications. Rat Lamc2 gene is 

located on chromosome 13 between Nmnat2 and Lamc1 

genes (Figure 2A). Within this genomic region, Lamc1 

gene is well expressed in young kidneys and shows no 

changes with aging. In contrast, Lamc2 is a low-

abundance transcript in young kidneys, and its 

expression is significantly induced in old kidneys 

independent of genetic background (Figure 1A and 2B). 

Nmnat2 gene expression was not detected in kidneys of 

any age group (Figure 2B). Previous analysis showed 

that in different cell types and tissues, Lamc1 gene 

contains active histone marks, whereas Nmnat2 and 

Lamc2 reside within a silenced domain [16]. Thus, the 

Nmnat2-Lamc2-Lamc1 locus seems to be an attractive 

model of aging-associated chromatin changes in sec-

tions of the mammalian genome containing arrays of 

neighboring silenced and active domains.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Changes in transcription and H3K27m3 levels at the Lamc1‐Lamc2 genomic region. (A) A cartoon
showing Nmnt2‐Lamc2‐Lamc1 genomic region. Arrows indicate position of 5’ PCR primer pairs used in ChIP assay. (B)
Nmnat2, Lamc2 and Lamc1 transcript  levels  in 4, 24, 28 mo F344 and 4, 32 mo FBN‐F1 kidneys. (C) ChIP analysis of
H3K27m3  levels normalized to H3 at Lamc2 promoter  in F344 and FBN‐F1 young and old kidneys. Shown are mean

values +SD, n=6 per age group, *p<0.05, **p<0.005.  (D) H3K27m3  levels at  the promoters of Nmnat2, Lamc2, and
Lamc1 genes are  inversely correlated with corresponding  transcript  levels. ChIP and RT PCR analyses were done  in
F344 kidney  fragments. H3K27m3 data were normalized  to H3  levels, and mRNA  levels measured by RT PCR were
normalized to Gapdh transcript levels. Each data point represents an individual animal. All age groups are shown. 
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ChIP analysis of histone modification profiles revealed 

little or no changes in H3K4m3 density at Lamc1, 

Lamc2 and other laminin genes in old compared to 

young kidneys (not shown). There were also some 

decreases in H3K9m3, H3K36m3, and H3K79m2 levels 

along all tested loci (including laminin and control 

genes) which were not correlated with changes in cor-

responding transcript levels (not shown). It has 

previously been reported that aging is associated with 

the loss of silencing mark H3K27m3 at selected gene 

loci [17]. In agreement with these observations, the 

density of this mark was substantially decreased in old 

kidneys at the induced Lamc2 gene (Figure 2C). Similar 

decreases were found in both rat lines, indicating that 

this effect is not strain-specific (Figure 2C, compare 

24mo F344 to 32mo FBN-F1). These observations 

suggest that the loss of H3K27m3 and the upregulation 

of Lamc2 gene were causally-related events in aging 

kidneys. Nuclear levels of H3K27m3 modification, as 

estimated by Western blot analysis, were not altered in 

F344 and were even increased in FBN-F1 old compared 

to young kidneys (Figure 3) showing that the loss of this 

histone mark was gene-specific rather than global. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Given the genomic proximity of Nmnat2, Lamc2 and 

Lamc1 genes, we examined the relationship between the 

mRNA expression level and H3K27m3 density at their 

gene promoters (Figure 2D).  Interestingly, this analysis 

revealed that, at H3K27m3 density above a certain 

“threshold” level, no transcript could be detected. In 

contrast, below this threshold, transcript levels were 

inversely proportional to the H3K27m3 density.  

 

Changes in Ezh2 protein 

 

Ezh2, a component of PRC2 complex, is a histone 

methyltransferase (KMT6A) for H3K27 [18]. It has 

been reported that cellular levels of Ezh2 protein 

decrease during aging in vivo and senescence in vitro 

[17, 19, 20]. In contrast, we have previously shown that 

in old F344 rat kidneys, levels of Ezh2 mRNA and 

protein were higher than in young animals [7]. Western 

blot analysis confirmed these observations in F344 

kidneys (Supplementary Figure S1). In longer-lived 

FBN-F1 animals, there was no difference in the cellular 

levels of Ezh2 between old and young kidneys 

(Supplementary Figure S1). Other factors are likely 

involved in the loss of H3K27m3 at selected genes in 

aging kidneys. 

 

We wondered if the loss of H3K27m3 at the Lamc2 

gene during aging was caused by a decrease in Ezh2 

protein recruitment to that locus (rather than a decrease 

in cellular levels). Results of ChIP analysis show that in 

old kidneys, levels of Ezh2 protein along the locus were 

actually higher than those of young kidneys 

(Supplementary Figure S2), a difference which is not 

statistically significant. At Cdkn2a gene, a site with 

previously-described high levels of Ezh2 protein, which 

serves as a positive control [19], aging was also 

associated with increased Ezh2 density (not shown). To 

estimate enzymatic efficiency of Ezh2 along the Lamc1-

Lamc2 locus, we divided H3K27m3 density by Ezh2 

level. The H3K27m3/Ezh2 ratio was lower in old 

animals along the length of the entire locus (Sup-

plementary Figure S3).   

 

5mC changes at Lamc2 in aging kidneys 

 

5mC changes during aging were described in different 

organisms [21-23], and 5mC levels measured at several 

CpG loci predict human age with very high precision 

[24, 25]. Therefore, along with histone modification 

changes in aging kidneys, we also estimated 5mC 

levels at Lamc2 and control genes in DNA purified 

from the same tissues by using MeDIP assay. This 

analysis revealed significant losses of 5mC at the 5’ 

end of Lamc2 gene but no changes at the 5’ end of 

Lamc1 gene, in old compared to young kidneys 

(Figure 4). Next, we examined the functional signifi-

cance of H3K27m3 and 5mC losses for Lamc2 

expression. 

Figure  3.  Western  blot  analysis  of  H3K27m3  levels  in
histones  extracted  from  young  and  old  kidneys.  Upper
panel,  equal  amounts  of  acid‐extracted  proteins  from  nuclear‐
enriched tissue fraction were subjected to SDS PAGE in 13% gels,
transferred  to PVDF membranes and stained with anti‐H3K27m3

antibodies. Representative parts of ponseau‐stained membranes

are  also  shown  (Load).  Lower  panel,  results  of  densitometry

analysis of bands shown in the upper panel. Y, young (4mo), O, old
(28mo  for  F344,  32mo  for  FBN‐F1).  Signal  intensities  were
normalized to load. Shown are mean values +SD, **p<0.005. 
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The effect of Ezh2 and Dnmt inhibitors on Lamc2 

expression in kidneys cells in vitro 

 

The inverse correlation between Lamc2 mRNA levels 

and H3K27m3/5mC density at the gene (Figure 2D and 

Figure 3) suggested that these modifications mediate the 

silenced state of this gene, and that the increase in 

Lamc2 expression during aging is caused, at least in 

part, by the loss of H3K27 methylation and/or 5mC 

density at the gene. To test this suggestion, we first used 

an unspecific Ezh2 inhibitor, 3-deazaneplanocin 

(DZNep) [26]. This compound is a potent inhibitor of S-

adenosylhomocysteine (AdoHcy) hydrolase [27, 28]. 

Accumulated AdoHcy, in turn, is a competitive 

inhibitor of methyl-transferases, including those specific 

to histones and most likely DNA. It has been shown that 

DZNep in micromolar concentrations specifically 

inhibits methylation of H3K27 and activates PRC2-

silenced genes [26, 29], whereas its effect on DNA 

methylation has not been reported. Therefore, we used 

this inhibitor to examine its effect on H3K27m3 levels 

and Lamc2 expression in vitro. 

 

In DZNep experiments we used human kidney cells 

(HEK293) where Lamc2 gene is not expressed. Treat-

ment with 5µM DZNep for 48 hours slowed down the 

cell division rate but had little effect on cell survival 

(not shown). Western blot analysis revealed a decrease 

in global H3K27m3 levels in cells treated with DZNep 

compared to the controls (Figure 5).  In  agreement with  

 

 

 

 

 

 

 

 

 

previous observations [26, 29], little or no changes were 

found in H3K9m3 levels at Lamc2 gene in DZNep-

treated cells, indicating a selective effect on H3K27m3 

histone modification (Supplementary Figure S4). RT 

qPCR analysis revealed substantial increases in Lamc2 

transcript level after DZNep treatment, whereas no 

changes were observed in control Lamc1 and Gapdh 

transcript levels (Figure 5C).  

 

Next, we used a more specific inhibitor of Ezh2, 

GSK126 [30]. This compound substantially decreases 

cellular levels of H3K27m3 in cells (Figure 5B). 

However, unlike DZNep, GSK126 treatment has no 

effect on Lamc2 expression (Figure 5C). These results 

indicate that H3K27m3 plays little or no role in the 

maintenance of Lamc2 silencing; therefore, loss of this 

modification does not result in gene upregulation. We 

conclude that DZNep treatment increased Lamc2 

expression in vitro through inhibition of other than Ezh2 

methyl-transferase(s). DNA methylation, a likely 

candidate, was tested next. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. DNA methylation analysis of Lamc2 and Lamc1

promoters.  MeDIP  was  done  in  DNA  samples  purified  from
F344  young  and  old  kidneys.  Shown  are  normalized  (to  4mo)

mean values +SD, n=6 per age group, *p<0.05, **p<0.005. 

Figure  5.  The  effect  of  histone  modification  and  DNA  methylation  enzyme  inhibitors  on  levels  of  corresponding
modifications and gene transcription  in HEK293 cells.  (A) MeDIP analysis of 5mC  levels at Lamc2 gene promoter  in DNA purified
from  cells  treated with DZNep  (5µM), GSK126  (2.5 µM),  or DAC  (5µM)  for  48  hrs. Mean  +SD,  n=2  independent  experiments,  *p<0.05
compared to control. (B) Western blot analysis. Cells were treated with corresponding  inhibitors for 48 hrs, and histones were extracted
from nuclear pellets. Results of representative Western blot analysis with antibodies to H3K27m3, upper panel, and to histone H3,  lower
panel, are shown. (C) RT PCR analysis of Lamc2 and control mRNA levels in control cells (CON) and cells treated with DZNep (5µM), GSK126
(2.5 µM), or DAC (5µM) for 48 hrs. Mean +SD, n=4 independent experiments, *p<0.05, ***p<0.0005 compared to control.  
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5-aza-2′-deoxycytidine, DAC, is a selective inhibitor of 

DNA methyl transferases [31]. DAC exposure has also 

been shown to substantially shorten the lifespan of 

cells [32]. HEK293 treatment with DAC for 48 hrs 

decreased DNA methylation levels at Lamc2 gene 

(Figure 5A) and activated its transcription to the same 

extent as aging in vivo (compare Figure 5C). Consistent 

with our suggestion of the role of 5mC loss in the 

upregulation of Lamc2, DZNep treatment significantly 

decreased 5mC levels at Lamc2 gene, whereas GSK126 

had no effect (Figure 5A). 
 

DISCUSSION 
 

We found that expression of ECM laminin genes was 

dysregulated during aging. In F344 and FBN-F1 rat 

kidneys, transcription of three genes that are expressed 

at very low levels in young animals – Lama3, Lamb3, 

and Lamc2 – progressively increased with age. These 

genes encode subunits of laminin 5 hetero-trimer (Ln5, 

laminin 332, kalinin), a major component of epidermal 

basement membranes and a marker of the wound heal-

ing process [33-35]. Increased expression of these genes 

may contribute to the development of glomerulo-

sclerosis and tubulointerstitial fibrosis in old kidneys [6, 

7]. We present evidence that the loss of epigenetic gene 

silencing is responsible, at least in part, for the 

upregulation of these genes in aging kidneys. 
 

The transcription rate of a gene depends on chromatin 

structure (which determines promoter accessibility) and 

on the availability or activity of suitable transcription 

factors [36, 37]. Chromatin modifications that regulate 

transitions between states accessible or closed to 

transcription were examined. We found that aging in 

rats was associated with the loss of H3K27m3 histone 

modification at upregulated renal genes (Figure 1 and 

2). This observation is consistent with previous studies 

in other model systems of aging. For example, a 

substantial global and gene-specific loss of H3K27m3 

modification was observed in fibroblasts derived from 

patients with Hutchinson-Gilford progeria syndrome 

(premature aging) compared to controls [17]. Similarly, 

in aging mouse pancreatic β cells in vivo, there was a 

decline in global H3K27m3 levels and de-repression of 

Ink4a/Arf locus [20]. Also, in cells during senescence in 

vitro, H3K27m3 levels were reduced [19]. In contrast, 

our data show that, despite decreases in H3K27m3 

density at upregulated genes (Figure 2B), there were 

little or no changes (F344), or even an increase (FBN-

F1), in the total cellular levels of this modification in 

old kidneys, as estimated by Western blot analysis 

(Figure 2E). This observation indicates that, along with 

decreases at some sites, there must be increases in 

H3K27m3 density at other genomic sites; that is, it is 

re-distribution rather than loss of this silencing 

modification that takes place during aging in rat 

kidneys.  

 

It has been previously shown that cellular Ezh2 protein 

levels decrease with aging [17, 19, 20]. However, we 

found that kidney levels of Ezh2 were instead increased 

in F344 old compared to young kidneys, and that levels 

were unchanged in longer-lived FBN-F1 animals 

(Figure 4).  Higher levels of Ezh2 protein in shorter-

lived F344 than in FBN-F1 animals parallels 

observations made in the Drosophila model system, 

where inverse correlation between the life span and 

cellular levels of E(z) protein has been reported [38]. 

Furthermore, there is no evidence of loss of Ezh2 

protein at the loci where H3K27m3 levels were reduced 

in old animals (Supplementary Figure S1). It is there-

fore plausible that changes in H3K27m3 demethylases, 

Kdm6a/b, play a role in H3K27m3 loss at aging-related 

genes. A role of Kdm6 in aging is supported in other 

model systems. For example, in C. elegans, decreased 

activity of Utx-1 gene (ortholog of the mammalian 

Kdm6a) increases life span [39, 40]. Similarly, in 

mammalian cells in vitro, it has been shown that another 

H3K27 demethylase, Kdm6b, plays a role in the 

activation of PRC2-repressed loci during oncogene- and 

stress-induced senescence [41, 42].  

 

However, a link between the loss of H3K27m3 

modification and Lamc2 gene upregulation was not 

corroborated in in vitro studies (Figure 5). Like in 

kidneys, Lamc1 was well expressed in HEK293 cells, 

whereas expression levels of Lamc2 and Nmnat2 were 

very low. While treatment of kidney cells with DZNep 

increased Lamc2 expression, the selective Ezh2 

inhibitor had no effect. Taken together, these data do 

not support the notion that the H3K27m3-based system 

of gene silencing is directly involved in maintaining the 

silenced state of Lamc2 gene, and that this system fails 

during aging in vivo. The role of H3K27m3 loss in 

aging kidney remains to be determined. 

 

The extent of cytosine methylation (5mC) of the 

promoter region is an important determinant of gene 

expression, with higher levels of methylation associated 

with transcriptional repression. Aging-associated 

changes in DNA methylation were described in 

different species [21-23], and changes in several CpG 

sites allow age prediction in humans with very high 

precision [24, 25]. A causal relationship between DNA 

methylation and aging-induced gene dysregulation has 

been less explored. Our findings demonstrate that 

decreased 5mC levels at Lamc2 gene cause up-

regulation of this gene in vitro in a kidney cell line. 

These data suggest that in aging kidney in vivo, loss of 

5mC at gene promoters induces transcription of these 

genes, at least in some cell types. Preventing or 
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accelerating 5mC loss during aging in vivo will help to 

understand the functional significance of DNA 

methylation changes in aging kidneys. 

 

One limitation of these studies is that data interpretation 

of ChIP-based chromatin analysis in a whole tissue is 

complicated by the multicellular nature of tissue, where 

the contribution of each cell type is not known. This issue 

is hard to tackle due to the lack of efficient approaches 

for quantitative chromatin analysis in single cells. Also, 

the HEK293 cell line used in these studies does not fully 

reflect renal cell states in vivo. Therefore, the effect of 

H3K27m3 and 5mC loss on Lamc2 expression need to be 

examined in all renal cell types in vivo. Nonetheless, the 

finding that H3K27m3 loss does not alter Lamc2 gene 

expression in one cell line suggests that this gene is not 

repressed by PRC2 in other cells. 

 

 In sum, these data show that, during kidney aging, 

there is a decrease in H3K27m3 and DNA methylation 

levels at silenced laminin genes associated with loss of 

gene silencing. In vitro experiments support the notion 

that aging-induced transcription of Lamc2 is caused, at 

least in part, by the loss of 5mC at the gene, whereas the 

role of H3K27m3 loss is less clear.  Yet, Ezh2 has been 

implicated in gene dysregulation in other model systems 

of aging [17, 19, 20]. It is possible that different 

epigenetic factors mediate gene dysregulation in different 

species or different cell types. It is also possible that 

H3K27m3 density alterations at genes are secondary to 

transcription changes driven by other factors, as has 

been recently shown in mammalian system [43, 44].  

We suggest that the change in 5mC levels is the primary 

consequence of aging that alters gene transcription, 

whereas changes in H3K27m3 are secondary. 

 

MATERIALS AND METHODS 
 

Animal tissues 

 

Kidneys from ad lib fed F344 (4, 24, and 28 months old, 

mo) and FBN-F1 (4 and 32 mo) males were used in 

these studies. Frozen tissues were received from the 

National Institute of Aging rodent tissue collection and 

stored at -80°C. Six animals in each group were 

examined. For further analysis, frozen kidneys were cut 

into radial segments (~1/8 part of the entire organ) 

while kept on liquid nitrogen. From each kidney, three 

fragments similarly representing major kidney com-

partments, cortex and medulla, were used in protein, 

RNA and ChIP analyses, respectively. 

 

Cell culture experiments 

 

Human kidney cell line HEK293 was used in these 

studies. Cells were grown in DMEM supplemented with 

glutamine, penicillin, streptomycin, and 10% fetal 

bovine serum. Cells were treated with inhibitors as 

specified in figure legends. RNA purification, reverse 

transcription, and MeDIP assays were done as described 

below for kidney tissue.  

 

Western blot analysis 

 

Cytoplasmic, nuclear and histone-enriched protein 

fractions were purified from kidney tissue fragments as 

described in [45]. Protein concentration was measured 

using the Bradford method (Pierce). Equal amounts of 

protein were loaded on 10% SDS gels for detection of 

Ezh2 protein, or 13% gels for histone modification 

analysis. Proteins were transferred on PVDF membrane. 

After blocking with TBST buffer (Tris-HCl, pH 7.5, 

10mM; NaCl, 150 mM; Tween 20, 0.05%) containing 

5% BSA, membranes were incubated with indicated 

primary antibodies in TBST/1% BSA buffer for one 

hour at room temperature, or overnight at 4°C. After 

washes, secondary antibodies conjugated to alkaline 

phosphatase (Bio Rad) were added for 1 hour at room 

temperature. Membranes were washed with TBST and 

developed with BCIP/NBT substrate. Antibodies to 

H3K27m3 were from Millipore; others were as listed 

below. 

 

Reverse transcription 

 

For transcript level analysis, RNA purified from rat 

kidneys was treated with RNase-free DNase I, 1 U per 

10 µg of RNA in 20 µl reactions, (Epicentre 

Technologies, Madison, WI) for 15 min at 37°C, de-

proteinized with phenol/chloroform mixture and 

precipitated with ethanol. One microgram of DNA-free 

RNA was reverse transcribed by Superscript II (100 U, 

Invitrogen, Gaithersburg, MD.) with random 

hexanucleotide primer mixture (1µM) in 10-µl final 

volume for 1 hr at 42°C. Reaction was stopped by 

mixing with 90µl TE (Tris-HCl 10mM, pH8.0, EDTA 

1mM) and incubation at 95ºC for 5 min. RT mixtures 

were further diluted ten times with TE and analyzed by 

real time PCR with gene-specific sets of primers. 

Transcript levels were normalized to Gapdh mRNA 

levels. 

 

Chromatin immunoprecipitation, MeDIP, and real-

time PCR analysis 

 

ChIP was done in 96-well plates as previously described 

[15]. The following antibodies were used, to RNA-

polymerase II (anti-CTD, clone 4H8, or anti-Pol II N 

terminus, both Santa Cruz), histone H3 (ab1791, 

Abcam), H3K9m3 (ab8898, Abcam), H3K27m3 

(ab6002, Abcam; 07-449, Millipore), H3K9/14Ac 

(Diagenode), Ezh2 (39933, Active Motif), Kdm6a 
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(ab36938, Abcam). Mock IP was done without added 

antibodies. Precipitated DNA was purified in 100μl 

final volume. Input DNA was purified from 10% of the 

amount of tissue extract used in IPs. ChIP assays were 

repeated at least three times. Chromatin analysis with 

Ezh2 antibodies was done using Fast ChIP protocol 

[46]. Histone modification and Pol II levels at DNA 

sites of interest were calculated as detailed in [15]. ChIP 

data were expressed as a percent of input DNA. Results 

of ChIP and gene expression analyses were evaluated 

statistically by using analysis of variance with age (young 

versus old) as experimental factor.  

 

5mC antibodies used in MeDIP are specific to 5-

methylated cytosines in a single stranded DNA; thus, 

before immuno-precipitation, DNA from animal tissues 

was melted by boiling. Specifically, DNA purified from 

cells/tissues was diluted to 0.5 ml with TE buffer, 

treated with ultrasound for 30 sec (Bronson sonifier, 

equipped with a microtip), precipitated with ethanol, 

washed once with 70% ethanol, dried, and dissolved in 

10 μl of TE buffer. Before immunoprecipitation (IP), 

DNA samples were boiled for 5 min, and chilled on ice. 

0.5 μg of DNA was used in one IP reaction. MeDIP was 

done in 96-well plates as described [47, 48]. 

Monoclonal antibodies to 5mC (Mouse clone 33D3, 

Aviva, San Diego, CA), 0.3 μg per IP reaction, were 

used. Mock IP was done without added antibodies. 

qPCR analysis of precipitated DNA was done with 

gene-specific primers. 10% of the amount of input DNA 

used in IPs was analyzed in parallel by qPCR to 

estimate efficiency of IP. 

 

PCR reaction mixture contained 2.5μl 2X SYBR Green 

PCR master mix (SensiMix, Quantace), 2μl DNA 

template and 0.2μl primers (10 μM each) in 5μl final 

volume in 384-Well Optical Reaction Plate (Applied 

Biosystems). Amplification (three steps, 40 cycles), 

data acquisition and analysis were carried out using the 

7900HT Real Time PCR system and SDS Enterprise 

Database software (Applied Biosystems). PCR reactions 

were run in triplicate. Standard dilutions of genomic 

DNA (for genomic targets) or dilutions of pooled RT 

reactions (for cDNA targets) were included in each PCR 

run. Sequences of primers used in these studies are 

available upon request. 

 

AUTHOR CONTRIBUTIONS 
 

OD conceived these studies, performed experiments, 

analyzed the data, and wrote the manuscript; DM 

performed experiments, corrected the manuscript; MT 

performed experiments, analyzed data; KB analyzed the 

data, corrected the manuscript. 

ACKNOWLEDGEMENTS 
  

Authors are grateful to S. Flanagin, J. Nelson and W. 

Altmeier for experimental help and fruitful discussions. 

 

CONFLICTS OF INTEREST 
 

All the authors declared no competing interests. 

 

FUNDING 
 

This work was supported by a grant from Nathan Shock 

Center of Excellence in the Basic Biology of Aging, 

University of Washington, and NIH R21 DK098817, 

R01 AI134419 (OD), NIH grants RO1 DK103849, R37 

DK45978, R01 DK083310, R01 DK094934, R21 

GM111439, R33 CA191135, JDRF 42-2009-779 (KB). 

 

REFERENCES 

 

1.   Rando  TA,  Chang  HY.  Aging,  rejuvenation,  and 
epigenetic reprogramming: resetting the aging clock. 
Cell. 2012; 148:46–57.  
https://doi.org/10.1016/j.cell.2012.01.003 

2.   Lelongt  B,  Ronco  P.  Role  of  extracellular  matrix  in 
kidney  development  and  repair.  Pediatr  Nephrol. 
2003;  18:731–42.  https://doi.org/10.1007/s00467‐
003‐1153‐x 

3.   Campisi  J.  Senescent  cells,  tumor  suppression,  and 
organismal aging: good  citizens, bad neighbors. Cell. 
2005; 120:513–22. 
https://doi.org/10.1016/j.cell.2005.02.003 

4.   Sprenger  CC,  Plymate  SR,  Reed  MJ.  Aging‐related 
alterations  in  the  extracellular  matrix  modulate  the 
microenvironment  and  influence  tumor progression. 
Int J Cancer. 2010; 127:2739–48. 
https://doi.org/10.1002/ijc.25615 

5.   Abrass  CK,  Adcox  MJ,  Raugi  GJ.  Aging‐associated 
changes  in  renal  extracellular  matrix.  Am  J  Pathol. 
1995; 146:742–52. 

6.   Razzaque  MS,  Shimokawa  I,  Nazneen  A,  Higami  Y, 
Taguchi  T.  Age‐related  nephropathy  in  the  Fischer 
344 rat is associated with overexpression of collagens 
and  collagen‐binding  heat  shock  protein  47.  Cell 
Tissue Res. 1998; 293:471–78.  

  https://doi.org/10.1007/s004410051139 

7.   Abrass  CK,  Hansen  K,  Popov  V,  Denisenko  O. 
Alterations  in  chromatin  are  associated  with 
increases  in  collagen  III  expression  in  aging 
nephropathy.  Am  J  Physiol  Renal  Physiol.  2011; 
300:F531–39. 
https://doi.org/10.1152/ajprenal.00237.2010 



www.aging‐us.com  1141  AGING 

8.   Miner  JH, Yurchenco PD.  Laminin  functions  in  tissue 
morphogenesis.  Annu  Rev  Cell  Dev  Biol.  2004; 
20:255–84. 
https://doi.org/10.1146/annurev.cellbio.20.010403.0

94555 

9.   Urbano  JM,  Torgler CN, Molnar C,  Tepass U,  López‐
Varea A, Brown NH, de Celis JF, Martín‐Bermudo MD. 
Drosophila laminins act as key regulators of basement 
membrane  assembly  and  morphogenesis. 
Development. 2009; 136:4165–76.  

  https://doi.org/10.1242/dev.044263 

10.  Beck  K, Hunter  I,  Engel  J.  Structure  and  function  of 
laminin:  anatomy  of  a  multidomain  glycoprotein. 
FASEB J. 1990; 4:148–60. 
https://doi.org/10.1096/fasebj.4.2.2404817 

11.  Aumailley  M,  Bruckner‐Tuderman  L,  Carter  WG, 
Deutzmann R, Edgar D, Ekblom P, Engel  J, Engvall E, 
Hohenester  E,  Jones  JC,  Kleinman  HK,  Marinkovich 
MP,  Martin  GR,  et  al.  A  simplified  laminin 
nomenclature. Matrix Biol. 2005; 24:326–32.  

  https://doi.org/10.1016/j.matbio.2005.05.006 

12.  Laminins  DM.  Cell  Tissue  Res.  2010;  339:259–68. 
https://doi.org/10.1007/s00441‐009‐0838‐2 

13.  Shiels  PG,  McGuinness  D,  Eriksson  M,  Kooman  JP, 
Stenvinkel P. The role of epigenetics  in renal ageing. 
Nat Rev Nephrol. 2017; 13:471–82. 
https://doi.org/10.1038/nrneph.2017.78 

14.  Turturro A, Witt WW,  Lewis  S, Hass BS,  Lipman RD, 
Hart RW. Growth  curves  and  survival  characteristics 
of  the  animals  used  in  the  Biomarkers  of  Aging 
Program.  J  Gerontol  A  Biol  Sci  Med  Sci.  1999; 
54:B492–501. 
https://doi.org/10.1093/gerona/54.11.B492 

15.  Flanagin  S,  Nelson  JD,  Castner  DG,  Denisenko  O, 
Bomsztyk  K.  Microplate‐based  chromatin  immuno‐
precipitation  method,  Matrix  ChIP:  a  platform  to 
study  signaling  of  complex  genomic  events.  Nucleic 
Acids Res. 2008; 36:e17. 
https://doi.org/10.1093/nar/gkn001 

16. Mikkelsen  TS,  Ku M,  Jaffe DB,  Issac B,  Lieberman  E, 
Giannoukos G, Alvarez P, Brockman W, Kim TK, Koche 
RP,  Lee  W,  Mendenhall  E,  O’Donovan  A,  et  al. 
Genome‐wide maps of chromatin state in pluripotent 
and  lineage‐committed cells. Nature. 2007; 448:553–
60. https://doi.org/10.1038/nature06008 

17.  Shumaker  DK,  Dechat  T,  Kohlmaier  A,  Adam  SA, 
Bozovsky  MR,  Erdos  MR,  Eriksson  M,  Goldman  AE, 
Khuon S, Collins FS, Jenuwein T, Goldman RD. Mutant 
nuclear  lamin  A  leads  to  progressive  alterations  of 
epigenetic control in premature aging. Proc Natl Acad 
Sci USA. 2006; 103:8703–08. 
https://doi.org/10.1073/pnas.0602569103 

18.  Cao R, Wang L, Wang H, Xia L, Erdjument‐Bromage H, 
Tempst P, Jones RS, Zhang Y. Role of histone H3 lysine 
27 methylation in Polycomb‐group silencing. Science. 
2002; 298:1039–43. 
https://doi.org/10.1126/science.1076997 

19.  Bracken AP, Kleine‐Kohlbrecher D, Dietrich N, Pasini 
D,  Gargiulo  G,  Beekman  C,  Theilgaard‐Mönch  K, 
Minucci S, Porse BT, Marine  JC, Hansen KH, Helin K. 
The  Polycomb  group  proteins  bind  throughout  the 
INK4A‐ARF  locus  and  are  disassociated  in  senescent 
cells. Genes Dev. 2007; 21:525–30. 
https://doi.org/10.1101/gad.415507 

20.  Chen  H,  Gu  X,  Su  IH,  Bottino  R,  Contreras  JL, 
Tarakhovsky  A,  Kim  SK.  Polycomb  protein  Ezh2 
regulates  pancreatic  beta‐cell  Ink4a/Arf  expression 
and  regeneration  in  diabetes  mellitus.  Genes  Dev. 
2009; 23:975–85.  

  https://doi.org/10.1101/gad.1742509 

21.  Berdyshev GD, Korotaev GK, Boiarskikh GV, Vaniushin 
BF.  Nucleotide  composition  of  DNA  and  RNA  from 
somatic  tissues of humpback and  its  changes during 
spawning]. Biokhimiia. 1967; 32:988–93.  

22.  Maegawa S, Hinkal G, Kim HS, Shen L, Zhang L, Zhang 
J,  Zhang  N,  Liang  S,  Donehower  LA,  Issa  JP. 
Widespread  and  tissue  specific  age‐related  DNA 
methylation  changes  in  mice.  Genome  Res.  2010; 
20:332–40. https://doi.org/10.1101/gr.096826.109 

23.  Romanov  GA,  Vanyushin  BF.  Methylation  of 
reiterated sequences  in mammalian DNAs. Effects of 
the  tissue  type,  age,  malignancy  and  hormonal 
induction. Biochim Biophys Acta.  1981;  653:204–18. 
https://doi.org/10.1016/0005‐2787(81)90156‐8 

24.  Horvath  S.  DNA  methylation  age  of  human  tissues 
and  cell  types.  Genome  Biol.  2013;  14:R115. 
https://doi.org/10.1186/gb‐2013‐14‐10‐r115 

25.  Weidner CI, Lin Q, Koch CM, Eisele L, Beier F, Ziegler 
P, Bauerschlag DO, Jöckel KH, Erbel R, Mühleisen TW, 
Zenke  M,  Brümmendorf  TH,  Wagner  W.  Aging  of 
blood can be tracked by DNA methylation changes at 
just  three  CpG  sites.  Genome  Biol.  2014;  15:R24. 
https://doi.org/10.1186/gb‐2014‐15‐2‐r24 

26.  Tan  J,  Yang  X,  Zhuang  L,  Jiang  X,  Chen  W,  Lee  PL, 
Karuturi  RK,  Tan  PB,  Liu  ET,  Yu  Q.  Pharmacologic 
disruption  of  Polycomb‐repressive  complex  2‐
mediated  gene  repression  selectively  induces  apop‐
tosis  in  cancer  cells.  Genes  Dev.  2007;  21:1050–63. 
https://doi.org/10.1101/gad.1524107 

27.  Borchardt RT, Keller BT, Patel‐Thombre U. Neplanocin 
A.  A  potent  inhibitor  of  S‐adenosylhomocysteine 
hydrolase  and  of  vaccinia  virus  multiplication  in 
mouse L929 cells. J Biol Chem. 1984; 259:4353–58. 



www.aging‐us.com  1142  AGING 

28.  Chiang  PK.  Biological  effects  of  inhibitors  of  S‐
adenosylhomocysteine  hydrolase.  Pharmacol  Ther. 
1998;  77:115–34.  https://doi.org/10.1016/S0163‐
7258(97)00089‐2 

29.  Miranda TB, Cortez CC, Yoo CB, Liang G, Abe M, Kelly 
TK, Marquez VE, Jones PA. DZNep  is a global histone 
methylation  inhibitor that reactivates developmental 
genes not  silenced by DNA methylation. Mol Cancer 
Ther. 2009; 8:1579–88.  

  https://doi.org/10.1158/1535‐7163.MCT‐09‐0013 

30.  Verma  SK, Tian X,  LaFrance  LV, Duquenne C,  Suarez 
DP, Newlander KA, Romeril SP, Burgess JL, Grant SW, 
Brackley  JA,  Graves  AP,  Scherzer  DA,  Shu  A,  et  al. 
Identification  of  Potent,  Selective,  Cell‐Active 
Inhibitors  of  the  Histone  Lysine  Methyltransferase 
EZH2.  ACS  Med  Chem  Lett.  2012;  3:1091–96. 
https://doi.org/10.1021/ml3003346 

31.  Taylor  SM,  Jones  PA.  Mechanism  of  action  of 
eukaryotic  DNA  methyltransferase.  Use  of  5‐
azacytosine‐containing  DNA.  J  Mol  Biol.  1982; 
162:679–92.  https://doi.org/10.1016/0022‐
2836(82)90395‐3 

32.  Fairweather  DS,  Fox  M,  Margison  GP.  The  in  vitro 
lifespan of MRC‐5 cells is shortened by 5‐azacytidine‐
induced demethylation. Exp Cell Res. 1987; 168:153–
59. https://doi.org/10.1016/0014‐4827(87)90424‐1 

33.  Carter  WG,  Ryan  MC,  Gahr  PJ.  Epiligrin,  a  new  cell 
adhesion  ligand  for  integrin  alpha  3  beta  1  in 
epithelial basement membranes. Cell. 1991; 65:599–
610. https://doi.org/10.1016/0092‐8674(91)90092‐D 

34.  Kainulainen  T,  Hakkinen  L,  Hamidi  S,  Larjava  K, 
Kallioinen M, Peltonen J, Salo T, Larjava H, Oikarinen 
A. Laminin‐5 expression  is  independent of  the  injury 
and  the microenvironment during  reepithelialization 
of wounds. J Histochem Cytochem. 1998; 46:353–60. 
https://doi.org/10.1177/002215549804600309 

35.  Larjava H, Salo T, Haapasalmi K, Kramer RH, Heino  J. 
Expression  of  integrins  and  basement  membrane 
components  by  wound  keratinocytes.  J  Clin  Invest. 
1993; 92:1425–35. 
https://doi.org/10.1172/JCI116719 

36.  Lam  FH, Steger DJ, O’Shea EK. Chromatin decouples 
promoter  threshold  from  dynamic  range.  Nature. 
2008; 453:246–50.  

  https://doi.org/10.1038/nature06867 

37.  Miller‐Jensen K, Dey SS, Pham N, Foley  JE, Arkin AP, 
Schaffer  DV.  Chromatin  accessibility  at  the  HIV  LTR 
promoter  sets  a  threshold  for NF‐κB mediated  viral 
gene expression. Integr Biol. 2012; 4:661–71.  

  https://doi.org/10.1039/c2ib20009k 

38.  Siebold  AP,  Banerjee R,  Tie F,  Kiss  DL,  Moskowitz J,  

Harte  PJ.  Polycomb  Repressive  Complex  2  and 
Trithorax  modulate  Drosophila  longevity  and  stress 
resistance. Proc Natl Acad Sci USA. 2010; 107:169–74. 
https://doi.org/10.1073/pnas.0907739107 

39.  Maures  TJ,  Greer  EL,  Hauswirth  AG,  Brunet  A.  The 
H3K27  demethylase  UTX‐1  regulates  C. elegans 
lifespan  in  a  germline‐independent,  insulin‐
dependent manner. Aging Cell. 2011; 10:980–90.  

  https://doi.org/10.1111/j.1474‐9726.2011.00738.x 

40.   Jin  C,  Li  J, Green  CD,  Yu  X,  Tang  X, Han D,  Xian  B, 
Wang D, Huang X, Cao X,  Yan  Z, Hou  L,  Liu  J,  et  al. 
Histone demethylase UTX‐1  regulates C. elegans  life 
span by targeting the insulin/IGF‐1 signaling pathway. 
Cell Metab. 2011; 14:161–72.  

  https://doi.org/10.1016/j.cmet.2011.07.001 

41.  Agger K, Cloos PA, Rudkjaer  L, Williams K, Andersen 
G, Christensen J, Helin K. The H3K27me3 demethylase 
JMJD3 contributes to the activation of the INK4A‐ARF 
locus  in  response  to  oncogene‐  and  stress‐induced 
senescence. Genes Dev. 2009; 23:1171–76.  

  https://doi.org/10.1101/gad.510809 

42.  Barradas  M,  Anderton  E,  Acosta  JC,  Li  S,  Banito  A, 
Rodriguez‐Niedenführ M, Maertens G, Banck M, Zhou 
MM, Walsh MJ, Peters G, Gil  J. Histone demethylase 
JMJD3 contributes to epigenetic control of INK4a/ARF 
by  oncogenic  RAS.  Genes  Dev.  2009;  23:1177–82. 
https://doi.org/10.1101/gad.511109 

43.  Klose  RJ,  Cooper  S,  Farcas  AM,  Blackledge  NP, 
Brockdorff  N.  Chromatin  sampling‐‐an  emerging 
perspective  on  targeting  polycomb  repressor 
proteins. PLoS Genet. 2013; 9:e1003717. 
https://doi.org/10.1371/journal.pgen.1003717 

44.  Riising  EM,  Comet  I,  Leblanc  B, Wu  X,  Johansen  JV, 
Helin K. Gene  silencing  triggers polycomb  repressive 
complex 2 recruitment  to CpG  islands genome wide. 
Mol Cell. 2014; 55:347–60.  

  https://doi.org/10.1016/j.molcel.2014.06.005 

45.  Denisenko ON, O’Neill B, Ostrowski J, Van Seuningen 
I,  Bomsztyk  K.  Zik1,  a  transcriptional  repressor  that 
interacts  with  the  heterogeneous  nuclear 
ribonucleoprotein  particle  K  protein.  J  Biol  Chem. 
1996; 271:27701–06.  

  https://doi.org/10.1074/jbc.271.44.27701 

46.  Nelson  JD,  Denisenko  O,  Sova  P,  Bomsztyk  K.  Fast 
chromatin  immunoprecipitation  assay. Nucleic Acids 
Res. 2006; 34:e2. https://doi.org/10.1093/nar/gnj004 

47.  Denisenko  O,  Lucas  ES,  Sun  C,  Watkins  AJ,  Mar  D, 
Bomsztyk K, Fleming TP. Regulation of ribosomal RNA 
expression  across  the  lifespan  is  fine‐tuned  by 
maternal  diet  before  implantation.  Biochim  Biophys 
Acta. 2016; 1859:906–13. 
https://doi.org/10.1016/j.bbagrm.2016.04.001 



www.aging‐us.com  1143  AGING 

48.  Yu J, Feng Q, Ruan Y, Komers R, Kiviat N, Bomsztyk K. 
Microplate‐based  platform  for  combined  chromatin 
and  DNA  methylation  immunoprecipitation  assays. 
BMC Mol Biol. 2011; 12:49.  

  https://doi.org/10.1186/1471‐2199‐12‐49 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



www.aging‐us.com  1144  AGING 

SUPPLEMENTARY MATERIAL 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S1. Western blot analysis of Ezh2 protein levels in whole cell extracts from young
and old F344 and FBN‐F1 kidneys. Equal amounts of extracted proteins from tissue fragments

were  subjected  to SDS PAGE  in 10% gels,  transferred  to PVDF membranes and  stained with anti‐
Ezh2 antibodies. Representative parts of ponseau‐stained membranes are also shown (Load).  

 

 

Figure S2. Ezh2 density along the Lamc2‐Lamc1 locus. ChIP analysis with Ezh2 (Upper
panel) and H3K27m3 (Lower panel) antibodies was done  in young and old kidney extracts.
Chromosome 13 coordinates (in million base pairs, M) are shown below. Ezh2 and H3K27m3

ChIP signals are shown as percent of input, n=6 per age group, mean values are presented. 
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Figure S4. ChIP analysis of H3K27m3 and H3K9m3 density at the promoters of
Nmnt2, Lamc2, and Lamc1 genes in untreated (Con) and DZNep treated (5 µM,

48 hrs) cells. ChIP was done in cell extractes as described in Figure 1. Data are expressed
as percent of input, mean+SD values of two independent experiments are shown. 

 

Figure S3. Changes in H3K27m3/Ezh2 ratio along the Lamc2‐Lamc1 locus.
Mean values shown in Supplemental Figure 2 were used to calculate the ratio. 


