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In the developing kidney, self-renewing progenitors respond to inductive signaling from the adjacent branching
ureteric bud by undergoing mesenchyme-to-epithelium transition. Nascent nephrons subsequently undergo elonga-
tion, segmentation, and differentiation into a mature renal epithelium with diverse functions. Epigenetic mechanisms
have been implicated in impacting cell fate decisions during nephrogenesis; however, the chromatin landscape of neph-
ron progenitors and daughter differentiating cells are largely unknown. Here, we examined the spatiotemporal expres-
sion patterns of histone H3 methylation and histone methyltransferases in E15.5 mouse kidneys. Kidney sections were
probed with antibodies against histone modifications, enzymes, and markers of progenitors and differentiation. The
results revealed that: (1) nephron progenitor cells exhibit a broad histone methylation signature that comprises both
“active” and “repressive” marks (H3K4me3/K9me3/K27me3/R2me2/R17me2); (2) nascent nephrons retain high H3K4me3
but show downregulation of H3K9/K27me3 and; (3) maturing epithelial tubules acquire high levels of H3K79me2/3. Con-
sistent with respective histone marks, the H3K4 methyltransferase, Ash2l, is expressed in progenitors and nascent neph-
rons, whereas the H3K9/K27 methyltransferases, G9a/Ezh2, are more enriched in progenitors than nascent nephrons. We

conclude that combinatorial histone signatures correlate with cell fate decisions during nephrogenesis.

Introduction

Regulation of nucleosome structure and function via post-
translational histone modifications is a key epigenetic mecha-
nism of gene regulation in development and disease.”? The
nucleosome consists of 147 DNA base pairs wrapped around
a core of 8 histones composed of 2 H3/H4 histone dimers
flanked by 2 H2A/H2B dimers. Protruding from the histone
globular domains are histone tails, which present a rich plat-
form of discrete epitopes subject to chemical modifications,
such as acetylation, methylation, and phosphorylation. It has
been proposed that these combinatorial histone modifications
form a so called “histone code or signature,” which can be rec-
ognized by specific chromatin modifiers and transcriptional
regulators resulting in defined biological outcomes.>* Although
this hypothesis is hotly debated, there is evidence that muta-
tions in epigenetic modifiers and specific histone tail residues
are coupled with different outcomes and disease states, suggest-
ing that histone modifications regulate distinct developmental
processes.>®

genetic states) in embryonic stem cells and cancer cells appear
7-11

Furthermore, genome-wide histone signatures (epi-
to correlate with transcriptional and functional outcomes.

In contrast, little is known about the global epigenetic states
of lineage-committed progenitors during organogenesis. For
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example, do progenitors exhibit a histone signature that sets
them apart from the surrounding neighboring cells? And, do
daughter cells retain or lose this signature? As we begin to
answer some of these questions, we can begin to address epi-
genetic states of congenital and acquired diseases and whether
original epigenetic states can be restored with therapy.

The metanephric kidney originates from the intermedi-
ate mesoderm via reciprocal interactions between two cell lin-
eages, the metanephric mesenchyme (MM) and the ureteric bud
(UB). A group of MM cells condenses around the UB branch
tips to form a nephron progenitor niche (also called the cap mes-
enchyme), which lineage analysis has shown it gives rise to all
cell types of the nephron from the glomerulus to the connect-
ing tubule.’” Uninduced nephron progenitors express “stemness”
genes such as Six2 but are also poised to undergo mesenchyme-
to-epithelium transition in response to inductive Wnt signaling
emanating from the adjacent UB.""" In this regard, Six2 inter-
acts and cooperates with Lef/Tcf factors and B-catenin to initiate
expression of nephrogenic genes such as Wnr4, LhxI, Pax8, and
Fgf8. We recently examined the chromatin landscape in MM
cell lines using ChIP-Seq and reported that whereas H3K4me3
peaks predominantly decorate metabolic genes, H3K27me3
peaks are highly specific to developmental genes in each cell line.
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Figure 1. A schematic of a developing nephron and the markers used to
detect the various compartments.

Moreover, we found a group of developmental genes that carries
bivalent histone domains, which resolve during differentiation.'

In the present study, we examined the spatial pattern of histone
H3 methylation and the developmental expression of the histone
KMT in the mouse kidney. We hypothesized that nephron pro-
genitors and differentiating daughter cells share common histone

modifications yet express distinct global chromatin signatures.

Results

In embryonic stem/progenitor cells, cell renewal or differ-
entiation correlates with net changes in histone modifications
especially with methylation on H3K4, H3K9, and H3K27.""!8
Furthermore, in certain cancers there is a strong correlation
between cellular invasive behavior and the global histone sig-
nature.”?! To determine whether there is a correlation between
progenitor cell renewal/differentiation and histone modifications
during nephrogenesis, we used an in situ section immunofluores-
cence approach to define the distribution of histone H3 methyl-
lysine derivatives during mouse nephrogenesis. The major
compartments of the developing nephron and markers used for
each compartment are shown in Figure 1.

Immunolocalization of histone H3 methylation on lysines
4,9,27,and 79

The transcription factors Six2 and Pax2 are markers of
nephron progenitors in the cap mesenchyme. Pax2 also marks
nascent nephrons and UB branches. The cell adhesion mol-
ecule, E-cadherin, is expressed in epithelial tubules. Lhx1 is a
transcription factor expressed in nascent nephrons. We selected
embryonic day 15.5 (E15.5) because nephrogenesis and branch-
ing morphogenesis are actively ongoing at this developmental
stage. Genome-wide analyses performed in a multitude of cell
lines and tissues including kidney cell lines have demonstrated
a strong correlation between the presence of H3K4me3 peaks
around the transcription start sites and gene activity.'®?>*
In contrast, H3K9me2/3 and H3K27me3 peaks decorate
the promoters of repressed genes.”?** We found a significant
enrichment of H3K4me3 in Six2*/Pax2* progenitors as well
as in Lhx1* nascent nephron cells (Figs. 2A, 2B, and 5A). In
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contrast, H3K9me3 and H3K27me3 marks are more abundant
in Six2* than Lhx1* cells (Figs. 3, 4, 5B, and 5C). Moreover,
co-staining with E-cadherin antibodies revealed the presence of
all 3 histone markers in the cortical epithelial tubules and col-
lecting ducts (Fig. 5). Thus, whereas nephron progenitors are
decorated with H3K4me3/K9me3/K27me3, nascent nephrons
retain high H3K4me3 and downregulate H3K9me3/K27me3.
The specificity of the H3K4me3, H3K9me3, and H3K27me3
antibodies was confirmed by pre-absorbing overnight with either
an unmodified H3 peptide or one trimethylated on lysine 4, 9,
or 27. Pre-absorption with the modified peptide significantly
reduced immunostaining as compared with pre-absorption with
an unmodified peptide (Fig. 6A-C).

H3K79me3 is a histone mark that is abundant on exons of
active genes.””*® At E15.5, we find that H3K79me3 is more abun-
dant in maturing inner cortical tubules than nascent nephrons or
cap mesenchyme (Fig. 7A-C). In the adult kidney, H3K79me3
is abundant in nuclei of both proximal and distal nephron seg-
ments (Fig. 7D), and staining for principal and intercalated cell
markers indicates that this mark is expressed in both cell types
(Fig. 7E). The specificity of the H3K79me3 antibodies was con-
firmed by pre-absorbing overnight with either an unmodified
H3 peptide or one tri-methylated on lysine 79. Pre-absorption
with the modified peptide significantly reduced immunostain-
ing as compared with pre-absorption with an unmodified pep-
tide (Fig. 7F).

Immunolocalization of histone methyltransferases Ash2l,
Ezh2, Suzl2, and G9a

The enzymatic addition of methyl groups on H3K4 and
H3K27 is catalyzed in part by Ash2l and Ezh2/Suz12, respec-
tively. To determine the expression of these enzymes during
nephrogenesis, E15.5 sections were co-stained with antibodies
to nephrogenic markers and the enzymes. Ash2l and H3K4me3
share overlapping expression in the nephrogenic zone (Figs. 2
and 8). Ash2l is part of the Trithorax complex and is known
to interact with PTIP, a Pax2 binding protein.”’ Co-staining
with Pax2 antibody demonstrated co-localization with Ash2l
(Fig. 8A). Together, these results suggest that Ash2l may an
effector of Pax2-dependent transcriptional regulation.

Ezh2 is one of the core enzymes responsible for the catalytic
activity of the PRC2 silencing complex and is a developmentally
regulated enzyme.?® The localization of Ezh2 during nephrogen-
esis was similar to that of H3K27me3 with the greatest enrich-
ment in the Six2* cap mesenchyme (Fig. 8B). Immunostaining
for Suz12, another member of the PRC2 complex, demonstrated
diffuse expression in cap mesenchyme and nascent nephrons
(Fig. 8C). One possible reason for enrichment of Ezh2 in the cap
mesenchyme is the necessity of Ezh2 to maintain the identity of
the Six2 population and to exert tight control over self-renewal
and differentiation, as has been described in the skin.*!

G9a is a histone lysine 9 KMT and catalyzes the formation of
H3K9me2, a repressive chromatin mark.’? Staining for Pax2 and
G9a demonstrated co-localization within the nephrogenic zone
(Fig. 9A). Interestingly, there seemed to be a segment specific
enrichment in G9a, with higher levels being seen in Pax2* cap
mesenchyme (white arrow) as well as the distal segment of the
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Figure 2. Histone H3K4me3 is enriched in cap mesenchyme and nascent nephrons. The cap mesenchyme (nephron progenitors) marked by Six2 (blue)
and nephron progenitors marked by Lhx1 (red) were co-stained with H3K4me3 (green) and analyzed at 20x (A) and 60x (B). RGB overlay and pseudo-
colorimages demonstrate co-localization with H3K4me3. Arbitrary linear units of fluorescent intensity (a.l.u.f.i.).

S-shaped body (white arrowhead) (Fig. 9A and B). In sections
co-stained with Lhx1 and Wtl, markers of the distal and proxi-
mal portions of nascent nephrons respectively, we find a relative
abundance of G9a in Lhx1* cells (white arrowhead) as compared
with the Wtl* cells (white arrow) (Fig. 9C). This suggests that
G9a may play a role in segmental nephron differentiation.
Histone Methylation of Arginine 2, 8, and 17 of Histone 3
Arginine residues on the H3 tails can be monomethylated,
dimethylated symmetrically and dimethylated asymmetri-
cally, and represent a less well-studied histone modification.”

334 whereas and

35-37

H3R2me2s is a repressive histone modification,’
H3R8me2as may mediate either activation or repression.
H3R17me2as is generally an activating mark.’®% Interestingly,
there was a differential enrichment of these three histone marks,
since H3R2me2 and H3R17me2 are abundantly expressed in the
cap mesenchyme and nascent nephrons, whereas H3R8me2 is
more enriched in nascent nephrons (Fig. 10A—C). All three his-
tone marks are expressed in the collecting ducts.
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Developmental modifications/
modifiers

Developing organs are composed of cells undergoing prolif-

expression of histone

eration, migration, and differentiation and therefore their overall
histone modifications may differ from adult terminally differ-
entiated organs. We therefore performed western blot analysis
of acid-extracted histones for various histone marks. The results
revealed that total histone H3K9ac, H3K9me3, H3K27me3 lev-
els remain unchanged during kidney development (Fig. 11). In
comparison, H3K79me3 levels increase in abundance postnatally
correlating with tubular epithelial expression that we observed
during nephron differentiation (Fig. 7). H3K4me3 abundance
showed a reciprocal pattern to that of H3K79me3, higher in
developing than mature kidneys (Fig. 11).

Because of difficulties in obtaining clean and reproducible sig-
nals by western blots using antibodies to histone modifiers such as
Dotll and MII proteins, we performed quantitative RT-qPCR in
order to determine whether the changes in histone modifications
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Figure 3. H3K9me3 is enriched in cap mesenchyme. The cap mesenchyme marked by Six2 (blue) and nascent nephrons marked by Lhx1 (red) were co-
stained with H3K9me3 (green) and analyzed at 20x (A) and 60x (B). RGB overlay and pseudocolor images demonstrate co-localization with H3K9me3.

correlate temporally with corresponding developmental changes
in histone modifiers (Fig. 12). The H3K27 KMTs, Ezh! and
Ezh2, exhibit reciprocal developmental expression patterns
(Fig. 12A and B). This reciprocal pattern might explain the
steady global levels of H3K27me3. Dot/ gene expression, the
only known H3K79 KMT, increases postnatally which is consis-
tent with the temporal changes in H3K79me3 (Fig. 12C). The
histone KMT Suv39h mediates H3K9me3 formation, whereas
Utx and Jmjd3 mediate demethylation of H3K27. We found that
Suv39h expression is higher in embryonic than postnatal kid-
neys (Fig. 12D). The H3K27 KDM, Jmjd3, declines slightly
post-weaning, while Ux gene expression increases postnatally
(Fig. 12E and F). This may account for the maintained levels of
H3K27me3 during kidney development.

Cross referencing the spatial compartmentalization of the epi-
genetic modifiers in the Genito-Urinary Development Molecular
Anatomy Project (GUDMAP)* database revealed that the neph-
rogenic compartments express unique as well as shared histone
modifiers and chromatin remodelers (Fig. 13A).
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Discussion

The present study examined the spatiotemporal distribution
of histone modifications and modifiers during nephrogenesis.
The results demonstrate that nephron progenitors and nascent
nephrons share some chromatin marks (e.g., H3K4me3 and
H3R17me2), whereas other histone marks (e.g., H3K9me3,
H3K27me3, H3K79me3, H3R2me2, H3R8me2) tend to be
more abundant in other compartments. These results suggest that
nephrogenesis is accompanied by dynamic changes in histone
modifications characterized by retention, gain or depletion of
histone marks. The differential distribution of chromatin modi-
fications imparts nephron compartments with global histone sig-
natures. We propose that these combinatorial signatures may be
important in maintaining the epigenetic states and in defining
the functional identity of stage-specific nephron differentiation.

Histone H3K4 trimethylation is a mark that is enriched at the
start site and 5" end of actively transcribed genes.”? H3K4me3
is recognized by the basal transcription complex TFIID via the
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Figure 4. H3K27me3 is more abundant in cap mesenchyme than nascent nephrons. The cap mesenchyme marked by Six2 (blue) and nascent nephrons
marked by Lhx1 (red) were co-stained with H3K27me3 (green) and analyzed at 20x (A) and 60x (B). RGB overlay and pseudocolor images demonstrate

co-localization with H3K27me3.

PHD finger of TAF3 and functions as a binding site for proteins
that facilitate access by RNA Polymerase II to the DNA.#! There
are at least 6 functionally non-redundant H3K4 lysine KMT in
mammals, which carry essential and conserved functions such
as Hox gene regulation. Recent studies in which KMT cofactors
were disrupted in the mature heart and kidney have shown that
H3K4me3 is important in specific aspects of adult terminally
differentiated tissues, such as cardiac electrophysiology and renal
concentrating mechanisms.*>* Given its strong association with
actively transcribed genes, the broad distribution of H3K4me3
and its KMT, Ash2l, in nephron progenitors and derivatives is
not surprising. Our studies in clonal MM-like cells have dem-
onstrated that H3K4me3 peaks decorate not only actively tran-
scribed metabolic and housekeeping genes, but also promoters
of developmental renal regulators such as Six2 and Osr1.'® The
latter study also showed that H3K4me3 peaks in Six2 and Osrl
are depleted in differentiating cells concomitant with binding of
H3K4 KDM. Conversely, gain of H3K4me3 and KMT occu-

pancy correlates with expression of nascent nephron genes such as

226

Epigenetics

Pax8and Lhx1.'° Thus, dynamic global and gene-specific changes
in H3K4me3 occur during nephron lineage differentiation.

We find that H3K9me2 and H3K27me3, chromatin marks
associated with transcriptional repression, are more abundant
in Six2* progenitors than Lhx1* nascent nephrons. This corre-
lates with differential expression of G9a and Ezh2, the respective
KMTs, in these 2 compartments. Biron et al. have shown that
H3K9me3 is highly abundant in mitotic cells lining the medial
edges and luminal aspects of the neural tube in E9.5 embryos,
and suggested that this histone mark may be a useful and novel
marker to define embryonic regions with high proliferative activ-
ity.* During folliculogenesis, primordial germ cells entrance into
the genital ridge around E9.5-E11.5 is marked by accumulation
of H3K9me3 and H3K27me3, whereas a more restricted peak in
H3K4me3 occurs at E10.5.% This suggests that follicle matura-
tion is marked by a period of poised chromatin domains contain-
ing active and repressive histone marks as part of a differentiation
gene expression program. In the present study, we observe that
the Six2* cells are enriched in active and repressive histone

Volume 9 Issue 2
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Figure 5. Distribution of H3K4me3, H3K9me3, and H3K27me3. The
ureteric bud, cap mesenchyme, and nascent nephrons are marked by
Pax2 (blue); ureteric bud structures and epithelial tubules are marked
by E-cadherin (red); co-staining was performed with H3K4me3 (A),
H3K9me3 (B), or H3K27me3 (C) (green) and analyzed at 20x.

methylation marks (H3K4me3/K9me2/K27me3/H3R2me2)
suggesting that differentiation programs are silent yet poised for
later activation in response to external cues. In support of this,
ChIP-Seq studies have shown that nephrogenic genes harbor
bivalent H3K4me3/K27me3 domains in their promoters and
that stimulation of Wnt-B-catenin signaling results in gain of
H3K4me3 and/or depletion of H3K27me3."® Genetic deletion of
Ezh2 catalytic domain from nephron progenitors in mice impairs
cell renewal and favors precocious differentiation, consistent with
the role of H3K27me3 in maintenance of the undifferentiated
state and lineage identity (McLaughlin, Kelly, Saifudeen, and
El-Dahr, unpublished data).

Although some histone modifications exhibit spatial com-
partmentalization in the developing nephron, there was no dis-
cernible change in the temporal expression of these marks. One
possible exception is H3K79me3 and its enzyme Dotll, which
showed significant stage and age-dependent increases during
nephrogenesis. Chromatin analysis in yeast, fly, and mamma-
lian systems indicates that H3K79me3 is a mark of active tran-
scription.* Developmental studies have shown that H3K79me3
is absent in the zygote and even in the blastocyst, suggesting
that Dotll functions post-early embryogenesis stages.”’ Indeed,
Dotll-knockout mice die at E10.5 from cardiovascular defects
and severe anemia.”® The function of Dotll in the developing
kidney is unknown but it has been suggested that Dot1l-H3K79
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Figure 6. Antibody specificity. Kidney sections were stained with his-
tone modification antibodies (green), either pre-absorbed with unmodi-
fied histone 3 N-terminal peptide (H3 Pep) or modified peptide with
H3K4me3 (A), H3K9me3 (B), or H3K27me3 (C), and co-localized using
pseudocolor (K4me3, K9me3, or K27me3:DAPI).

methylation plays a role in terminal differentiation of the collect-
ing duct.®

Histone methylation occurs on lysine and arginine residues.
Asymmetrically dimethylated H3R2me2a, catalyzed by Prmt6,
lies adjacent to the active mark H3K4me3. It has been shown
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Figure 7. H3K79me3 is enriched in differentiating tubular epithelial cells at postnatal day 1. (A) Low power view (4x). Dotted line indicates the renal
capsule. (B and C) Low (10x) and high (40x) power views of the renal cortex showing a progressive increase in H3K79me3 in differentiating E-cadherin*
tubules. The nephrogenic zone and nascent nephrons (arrowheads) are almost devoid of H3K79me3. (D) Low power view (10x) of the renal cortex in an
adult kidney. LTL marks the proximal tubules. H3K79me3 is enriched in both proximal and non-proximal tubules. (E) Co-staining for H3K79me3, carbonic
anhydrase-2 (CA2, a marker of intercalated cells), and aquaporin-2 (AQP-2, a marker of principal cells). Magnification 60x. (F) Low power view (10x) of
the renal cortex in an adult kidney sections incubated with H3K79me3 antibody alone, H3K79me3 antibody + unmodified H3 N-terminal peptide, or
H3K79me3 antibody + H3 K79me3 modified peptide. The specific nuclear staining is absent in the section incubated with the modified peptide.

in yeast and human cells that H3R2me2a is enriched in hetero-
chromatin in a mutually exclusive pattern with H3K4me3, and
that methylation of H3R2 interferes with the binding of Ah2l/
MII and abrogates trimethylation of H3K4.*3* H3R17me2s is
catalyzed by CARMI and promotes pluripotency of embryonic
stem cells.”” In accord with these findings, our results show that
H3R2me2 and H3R17me2 are abundant in nephron progeni-
tors. In comparison, H3R8me2, a histone mark that is catalyzed
by prmt5, is more concentrated in nascent nephrons than pro-
genitors. H3R8me2 is associated with transcriptional repression

228 Epigenetics

of ribosomal genes and of tumor suppressors in cancer cells.>*#>°

The potential significance of histone arginine methylation in
nephrogenesis remains to be determined, since relatively little is
known about the functions of these chromatin marks.

The findings of the present study provide a general descriptive
view of the histone landscape of the developing nephron but do not
address other “epigenetic” marks such as DNA methylation and
microRNA-based mechanisms. The data presented in this study
are best interpreted within the context of functional data derived

from existingand future ChIP-Seqdatain nephron progenitors.'*'¢
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Figure 8. Distribution of histone modifiers Ash2l, Ezh2, and Suz12 in the developing kidney. The ureteric bud, cap mesenchyme, and nascent nephrons
marked by Pax2 (blue) and cap mesenchyme marked by Six2 (red) were co-stained with the H3K4 KMT Ash2l (green) and analyzed at 60x (A). The cap
mesenchyme marked by Six2 (blue) and nascent nephrons marked by Lhx1 (red) were co-stained with the H3K27 KMT Ezh2 or Suz12 (green) and ana-

lyzed at 60x (B and C).

In summary, the present study demonstrates differential
spatial enrichment of specific histone marks and modifiers in
nephrogenic compartments of the developing kidney. This is
illustrated schematically in Figure 13B. The “repressive” marks
H3-K9me3/K27me3/R2me2 are abundant in progenitor cells.
The progenitor population is also rich in active marks, support-
ing the idea that some progenitors are “primed” for differentia-
tion. Interestingly, H3K79 methylation is upregulated during
the latter stages of epithelial differentiation. These differen-
tial spatiotemporal changes highlight the dynamic functional
states of the epigenome during nephrogenesis. We propose that
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compartmentalization of histone signatures may be important in
maintaining a healthy balance between self-renewal and differen-
tiation. In the future, it will be interesting to elucidate the effects
of embryonic stressors on the epigenetic landscape of nephron
progenitors in vivo.

Materials and Methods

RNA isolation and QRT-PCR were performed as described.'®
RT-PCR was performed on RNA extracted from CD-1 mouse
kidneys (n = 3 mice/group, harvested from 2—4 litters per age
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group). One-step Brilliant quantitative RT-PCR master mix
kit (Stratagene) was used to perform Taqman real-time PCR.
Relative mRNA levels were normalized to GAPDH. The PCR
conditions were as following: 50 °C 30 min, lcycle; 95 °C
10 min, 1 cycle; 95 °C 15s, 56 °C 1 min, 72 °C 30s, 40 cycles. All
QPCR probes were ordered from Applied Biosystems:

JMJD3 (mouse species): Mm01332672_gl

EZH1 (mouse species): Mm00468440_m1

EZH2 (mouse species): Mm00468464_m1

Dotll (mouse species): Mm01173481_m1

Suv39 (mouse species): Mm01347696_gl

UTX (mouse species): Mm00801998_m1

GAPDH (mouse species): Mm99999915_gl

Statistical analysis was performed using one-way ANOVA.
P < 0.05 was considered significant.

Histone extraction and western blot analysis

Histones were extracted from CD-1 mouse kidneys of 2—4
litters per age by the acid-extraction method. Homogenized tis-
sue is lysed in Triton Extraction Buffer (TEB/PBS containing
0.5% Triton X-100 (v/v), 2 mM phenylmethylsulfonylfluoride
(PMSF) and 0.02% (w/v) NaN3) at 0.1 g/2.5 ml TEB for tissues
with gentle stirring on ice for 10 min. Following centrifugation
at 2000 g for 10 min at 4 °C and removal of the supernatant, the
pellet is washed in half volume of TEB and centrifuged again.
DPellets were resuspended in 0.2N HCl overnight at 4 °C followed
with centrifugation at 2000 g for 10 min. Supernatants contain-
ing histones were collected and stored at -80 °C. Histone pro-
tein concentration was assayed by Pierce BCA Protein Assay Kit
(Thermo Scientific). Western blot was performed as previously
described” using the following primary antibodies: H3K4me3
(1:1000, Rabbit polyclonal, Abcam), H3K27me3 (1:1000,
Rabbit polyclonal, Abcam), H3K9me3 (1:1000, Rabbit poly-
clonal, Abcam), H3K9-acetylation (1:1000, Rabbit polyclonal,
Abcam), H3K79me3 (1:1000, Rabbit polyclonal, Abcam), pan
H3 (1:1000, Rabbit polyclonal, Upstate Biotechnology).

Section immunofluorescence was performed as described®>
using Tyramide Signal Amplification detection as per manu-
facturer recommendations (Perkin Elmer). Embryonic kidneys
were fixed in 10% formalin at room temperature overnight then
kept at 4 °C for up to 3 d until use. Paraffin-embedded kid-
neys were cut at 5 pm, placed on warn wet slides and allowed
to dry overnight. Prior to use in immunohistochemistry, slides
were placed in a 55 °C oven for 1 h to overnight. Sections were
rehydrated by consecutive immersion in Xylene (2X, 10 min)
and ethanol water dilutions (100%, 95%, 80%, 70%, 40%,
2 min each) followed by a quick rinse in tap water and 5 min in
Tris-buffered saline (TBS). Antigen retrieval was performed by
boiling slides for a total of 14 min in sodium citrate (10 mM,
pH 6) using a conventional microwave, allowed to cool for
20 min and transferred to TBS. Blocking was performed for 1
h at room temperature or overnight at 4 °C using 10% normal
donkey serum in TNB (Perkin Elmer), same as secondary host,
supplemented with 20 pg/ml donkey anti-mouse FAB to block
endogenous IgG (Jackson ImmunoResearch). Slides were washed
in 10% hydrogen peroxide and then with TBS in 0.1% teween
(TBSt) three times for 5 min with agitation, with final wash in
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Figure 9. Distribution of H3K9 KMT, G9a, in the developing kidney.
(A) G9a is expressed in epithelial (arrowhead) and mesenchymal compo-
nents (arrows) 20x. (B) A higher power view (60x) showing G9a expres-
sion in an S-shaped body and its relative enrichment at the junction of
the proximal and distal segments (arrowhead). (C) Co-staining of G9a
with Lhx1 (@ marker of nascent nephrons) and WT1 (a marker of podo-
cytes) reveals G9a expression at the junction of proximal and distal seg-
ments of S-shaped body (arrow and arrowhead).

TBS. Primary antibodies were diluted in TNB with 2% normal
donkey serum (NDS) and incubated for 1 h at room tempera-
ture or overnight at 4 °C, and washed with TBSt 3 times for
5 min with agitation, with the final wash in TBS. Conventional
fluorescent secondary antibodies (Donkey anti-rabbit, mouse
or goat) (Life Technologies Corporation) conjugated to Alexa
fluorophores (excitation 350 nm, 488 nm, 555 nm, or 747 nm,
1:300) diluted in TNB with 2% NDS were incubated for 1 h
at room temperature. Hoerseradish peroxidase (HRP) conju-
gated secondary antibodies (Donkey anti-rabbit, mouse or goat)
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Figure 10. Differential distribution of histone H3 arginine methylation marks in the developing kidney. The cap mesenchyme, marked by Six2 and Pax2,
and epithelial structures including UB branches, marked by Pax2 and E-cadherin, were co-stained with H3R2me2s (A), H3R8me2as (B), or H3R17me2as
(€) and analyzed at 20x. RGB overlay and pseudocolor images demonstrate co-localization of H3R2me2 and H3R17me2 with Pax2 and Six2 in the cap
mesenchyme, and H3R8me2 with Pax2 and E-cadherin in UB structures.
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(Jakson ImmunoResearch) were used with Tyramide Signal
Amplification detection (TSA) (Perkin Elmer). Slides were
then washed in TBSt three times for five minutes with agita-
tion, with the final wash being done in TBS. For TSA detec-
tion, TSA working solutions were prepared at a dilution 1:200
(TSA:Amplification Buffer) and sections incubated for 1-3 min.
For downstream applications requiring comparison, TSA incuba-
tion time was the same + 1-2 s. Following washing, the slides were
incubated with DAPI (1:500, Life Technologies Corporation)
for 10 min at room temperature, washed once with TBSt and
once more with TBS and mounted using Vector Labs fluorescent
media. Images were acquired with Olympus BX61 SDC fitted
with a Hamamatsu CCD camera, as Z-stacks in 1-pm intervals
using Intelligent Imaging Innovations SlideBook software, fol-
lowed by constrained iterative deconvolution and Gaussian noise
smoothing from system specific point spread functions. Primary
antibodies used are as follows: E-Cadherin (BD Transduction,
610182, 1:200); Lhxl (Developmental Hybridoma, 4F2,
1:100); Pax2 (Invitrogen, 71-6000, 1:200); Six2 (Proteintech,
11562-1AP, 1:100); WT1 (Abcam, ab15249, 1:200); H3K4me3
(Active Motif, 39160, 1:250); H3K9me3 (Abcam, ab8898,
1:200); H3K27me3 (Active Motif, 39535, 1:200); H3K79me2/3
(Abcam, ab3748, 1:150); H3R2me2s (Active Motif, 39703,
1:100), H3R8me2 (Active Motif, 39703, 1:200); H3R17me2as
(Active Motif, 39709, 1:200); H3R17me2as (Abcam, ab8284,
1:200); ASH2L (Abcam, ab56099, 1:200); Ezh2 (Active Motif
39933, 1:250); SUZ12 (Active Motif, 39358, 1:100); Histone
H3 Peptide: Unmodified 9Abcam, ab1425, 1:5-1:10); Histone
H3 Peptide: H3K4me3 Modified (Abcam, ab1342, 1:5-1:10);
Histone H3 Peptide: H3K9me3 Modified (Abcam, abl773,
1:5-1:10); Histone H3 Peptide: H3K27me3 Modified (Abcam,
ab1782, 1:5-1:10).

The specificity of H3K4me3, H3K9me2/3, H3K27me3, and
H3K79me3 antibodies was tested by pre-incubating the pri-
mary antibodies with unmodified or modified histone peptides.
Moreover, specificity of H3K79me2/3 antibodies was tested in
kidneys section from conditional collecting duct Dotll knockout
mice (Hoxb7-cre::Dot1") (not shown). Other antibodies were
tested by omission of primary or secondary antibodies, or by
using antibodies from different vendors (e.g., H3R17me2as). All
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—
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Figure 11. Global changes in histone modifications during kidney devel-
opment. Western blot analysis of acid-extracted histones from embry-
onic and postnatal mouse kidneys.

immunohistochemistry experiments were performed on at least 4
different animals in triplicates.
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