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Abstract
Studies of transcriptome profiles have provided new insights into mechanisms underlying the
development of hypertension. Cell type heterogeneity in tissue samples, however, has been a
significant hindrance in these studies. We performed a transcriptome analysis in medullary thick
ascending limbs of the loop of Henle isolated from Dahl salt-sensitive rats. Genes differentially
expressed between Dahl salt-sensitive rats and salt-insensitive consomic SS.13BN rats on either
0.4% or 7 days of 8% NaCl diet (n=4) were highly enriched for genes located on chromosome 13,
the chromosome substituted in the SS.13BN rat. A pathway involving cell proliferation and cell
cycle regulation was identified as one of the most highly ranked pathways based on differentially
expressed genes and by a Bayesian model analysis. Immunofluorescent analysis indicated that just
one week of a high salt diet resulted in a several fold increase in proliferative medullary thick
ascending limb cells in both rat strains and that Dahl salt-sensitive rats exhibited significantly
greater proportion of medullary thick ascending limb cells in a proliferative state than in SS.13BN

rats (15.0% ± 1.4% vs. 10.1% ± 0.6%, n=7–9, P<0.05). The total number of cells per medullary
thick ascending limb section analyzed was not different between the two strains. The study
revealed alterations in regulatory pathways in Dahl salt-sensitive rats in tissues highly enriched for
a single cell type, leading to the unexpected finding of a greater increase in the number of
proliferative medullary thick ascending limb cells in Dahl salt-sensitive rats on a high-salt diet.
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Introduction
Gene or protein expression profiles have been studied in whole organs or partial organs
collected from various animal models of hypertension. Examples include analysis of cardiac
and renal transcriptomes in the spontaneously hypertensive rat, the Lyon hypertensive rat,
and the Dahl salt-sensitive (SS) rat.1,2,3 The SS rat is a well-established model of human
salt-sensitive hypertension and renal injury. The consomic SS.13BN rat was derived by
substituting Brown Norway chromosome 13 into the SS genome. Salt-induced hypertension
and renal injury were substantially attenuated in the SS.13BN rat.4 Our analysis of the
transcriptomes and proteomes in the renal medulla and the renal cortex of SS and SS.13BN

rats has revealed several novel mechanisms and partial regulatory networks that may
contribute to the development of hypertension or renal injury in the SS rat.5,6,7,8,9,10 The
novel mechanisms discovered include those involving fumaric acid metabolism and renal
11β-hydroxysteroid dehydrogenase type 1.11,12,13

Cell type heterogeneity, however, has been a significant hindrance in the interpretation of
these studies. The renal cortex and the renal medulla contain epithelial, connective, and
vascular tissues. Each tissue includes multiple cell types. For example, the nephron epithelia
consist of several segments, each with unique physiological and molecular characteristics.
Differential expression between animals may in some cases reflect differences in cellular
composition of the tissue being analyzed rather than expression changes in a given cell type.
Dominant cell types may prevent detection of important changes in gene expression taking
place in a minority cell type.

In the present study, we performed a transcriptome analysis in medullary thick ascending
limbs (mTAL) of the loop of Henle isolated from SS rats and SS.13BN rats. The mTAL is
highly relevant to the pathophysiological mechanisms of hypertension, especially in the SS
rat.14,15,16,17,18,19,20,21,22,23,24,25,26 We applied a new method of pathway analysis utilizing
a Bayesian modeling approach that incorporated prior knowledge of biological pathways
and was independent of any a priori determination of differential expression.27 The study led
to an unexpected discovery that mTALs in SS rats on a high-salt diet exhibited increased
proliferative activities.

Methods
See the Online Supplement for detailed methods

Animals
Male SS and consomic SS.13BN rats were generated and maintained as described.4,8 Rats
were studied at 6 weeks of age while maintained on 0.4% salt diet (AIN-76A, Dyets) or at 7
weeks of age after one week of 8% salt diet. The time points represent an early stage of the
development of hypertension.8

Isolation of medullary thick ascending limbs (mTAL)
mTALs were isolated using a bulk dissection method as described previously with
modifications.18,28
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Tamm-Horshfall protein staining
Samples of isolated mTALs were stained with antibody against Tamm-Horshfall protein.

RNA extraction
RNA was extracted as described8 and assessed by Agilent BioAnalyzer 2100 and
spectrophotometry.

Real-time PCR
Real-time PCR analysis of selected mRNAs was performed using the SYBR Green
chemistry (Supplemental Table S1).8,29

Affymetrix Expression Array analysis
Affymetrix Rat Expression Array 230 2.0 was hybridized following the manufacturer’s
protocols.8 A total of 16 arrays were used to analyze two rat strains and two salt conditions
(0.4% and 7 days of 8%) with four individual samples in each experimental group. Signal
intensities were normalized by Robust Multi-array Average Expression Measure (RMA).
Differentially expressed genes were identified by Rank Product methods. Ingenuity Pathway
Analysis was used for pathway analysis.8

Chromosomal representation index
Representation of a chromosome in differentially expressed genes was calculated as we
described previously.7

Bayesian model analysis
A pathway-based analysis was performed using a modified version of the Bayesian model
described recently.27 The Bayesian method integrates pathway information with the
experimental data to identify pathways and genes related to a binary phenotype. Briefly, we
used the Kyoto Encyclopedia of Genes and Genomes (KEGG) (http://www.genome.jp/
kegg/) to retrieve an S matrix indicating memberships of genes to pathways and an R matrix
describing relationships between genes within and between pathways. The matrixes were
used to define probability distributions of pathways and genes, called priors. A Monte Carlo
Markov chain (MCMC) algorithm was applied to explore the posterior space efficiently and
find the most probable configurations of genes and pathways. The procedure results in a list
of visited models with included pathways and genes and their corresponding relative
posterior probabilities. The posterior probability represents the likelihood of a pathway or
gene to discriminate two experimental groups.

Defining boundaries of congenic segments using single nucleotide polymorphism (SNP)
arrays

We previously identified four non-overlapping congenic regions on rat chromosome 13 that
had significant effects on hypertension in the SS rat, designated as lines 1, 5, 9, and 26.30 In
the present study, we obtained precise boundaries for lines 5, 9, and 26 using the
RATDIVm520813 SNP array (803,484 SNPs genome-wide).

Immunofluorescence analysis of cell proliferation
Proliferative cells were identified by positive staining of Ki-67. Cells in the G2/M phases
were identified by positive staining of histone H3 phosphorylated at Ser10 (p-H3 or H3-P).
Cell nucleus was visualized by DAPI staining. Ten fields were randomly selected from each
kidney. mTALs were identified by morphology. The numbers of all cells (cell nuclei), Ki-67
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positive cells, and H3-P positive cells within mTALs were manually counted. The
investigator analyzing the images was blinded to the treatment conditions of the rats.

Terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL)
TUNEL staining of kidney sections was performed using DeadEnd™ Fluorometric TUNEL
System from Promega following the manufacturer’s instructions.

Statistical analysis
Affymetrix array data were analyzed as described above. Data from other experiments were
analyzed using student’s t-test or analysis of variance, and reported as mean ± SEM. P<0.05
was considered significant.

Results
Quality control of mTAL isolation and RNA extraction

More than 100 SS or SS.13BN rats were used for mTAL isolation and RNA extraction.
Samples from 16 rats were selected for Affymetrix expression array analysis based on
substantial enrichment of mTALs, high RNA quality, and sufficient RNA amounts.

Enrichment of mTALs was assessed by real-time PCR quantification of Na-K-2Cl
cotransporter (NKCC2), a marker of thick ascending limbs, aquaporin 1, a marker of
proximal tubules, aquaporin 2, a marker of collecting ducts, urea transporter B, a marker of
descending Vasa recta, and plasmalemma vesicle protein-1, a marker of endothelial cells.
Compared to renal outer medulla tissues, the ratio of NKCC2 abundance to each of the other
marker genes was substantially increased in isolated mTALs, indicating a 4 to 7 fold
enrichment of mTALs relative to other nephron and vascular segments (Figure 1A). The
purity of mTAL isolations was further assessed by staining of Tamm-Horshfall protein, a
protein specifically expressed in mTALs (Figure 1B). From 600 tubular segments in 10
images from three isolations, we determined that 93.2% of the segments were mTALs.

All 16 samples had RNA Integrity Numbers (RIN) greater than 8.5 (Figure 1C), 260/280 nm
ratios of 1.9–2.0, and a total amount of RNA greater than 4µg.

Differentially expressed genes
Of 31,099 EST probe sets on the Affymetrix Expression Array, 14,677 were considered
detectable in all mTAL samples. Rank Product analysis identified 217 and 291 ESTs as
differentially expressed between SS and SS.13BN rats on 0.4% salt and 7 days of 8% salt,
respectively, based on the criteria of FDR < 0.05 and log2 ratio greater than 0.5 or less than
−0.5. The differentially expressed ESTs and associated gene annotations are shown in
Supplemental Table S2.

Real-time PCR was performed to analyze 3 and 16 of the genes differentially expressed on
0.4% and 8% salt diets, respectively, as well as two genes not considered differentially
expressed on the 0.4% salt diet. Several of the genes analyzed by qPCR, including Cdc73,
Cdc2, Cenpf, E2f8, and Elk4, are involved in cell cycle regulation, a pathway we chose to
focus on in the later part of the current study. Real-time PCR was done in the samples used
in the Affymetrix Expression Array study as well as several additional mTAL samples. Nine
of the 19 cases of differential expression were confirmed statistically (Supplemental Figure
S1). Four cases [Il1b, Elk4, Dars2, Col1a1(LS)] approached statistical significance (P values
between 0.05 and 0.1). The remaining 6 cases had P values greater than 0.1, but were still
directionally consistent with the array data, although some of them showed smaller fold
changes than the array data suggested.
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Genes differentially expressed in mTALs between SS and SS.13BN rats were highly
enriched for genes located on chromosome 13, the chromosome substituted in SS.13BN

(Figure 2). The representation index for genes on chromosome 13 was 6.7 and 4.4 on 0.4%
and 8% salt diets, respectively, compared to an average of 1.1 for all chromosomes. Several
of the differentially expressed genes located on chromosome 13 fall in the four non-
overlapping congenic regions that we previously identified as having significant effects on
hypertension in the SS rat (Supplemental Table S2) (Moreno 2007). The genomic
boundaries of three of the four congenic regions were newly defined using a rat SNP array
analysis (Supplemental Table S3). Several of the genes chosen for real-time PCR
verification are located in these congenic regions. These included Elk4 and Slc45a3 in the
line 5 region, Plekha6 and Golt1a in line 9, and Fam129a and Dars2 in line 26.

Ingenuity Pathway Analysis
Ingenuity Pathway Analysis of the genes differentially expressed between SS and SS.13BN

rats identified several canonical pathways as highly represented. The top ten pathways
identified at each salt diet condition were listed in Supplemental Table S4. The top five
pathways identified on the 8% salt diet were hepatic fibrosis / hepatic stellate cell activation,
mitotic roles of polo-like kinase, atherosclerosis signaling, cell cycle: G2/M DNA damage
checkpoint regulation, and ataxia telangiectasia-mutated gene (ATM) signaling.

Note that the name of a canonical pathway may be uninformative or even misleading in
some cases. For example, the “hepatic fibrosis” pathway includes elements of fibrosis in
general and should not be considered irrelevant to the kidney tissue. Similarly, the
“atherosclerosis signaling” pathway involves several elements of inflammation and fibrosis
that are applicable to non-vascular tissues. The “ATM signaling” pathway is involved in the
regulation of DNA repair, the cell cycle, and apoptosis.

Pathways and genes identified by the Bayesian model analysis
Ingenuity Pathway Analysis nominates pathways based on enrichment of differentially
expressed genes. It does not take into account detailed patterns of changes in mRNA
abundance or biological relationships known to exist among genes. Differential expression
is typically determined by arbitrary criteria, the limitations of which are exacerbated by
small number of replicates in a typical gene expression profiling study.

We therefore performed a Bayesian model analysis to identify biological pathways and
genes that were best at discriminating the two rat strains. The Bayesian analysis was
performed without a priori determination of differential expression. The intensity of gene
expression was directly used in the model to nominate pathways and genes. Moreover, the
Bayesian analysis considered known relationships among genes.

2,781 genes were included in the Bayesian model analysis. These genes were selected
because they exhibited variations among samples and were members of at least one of the
244 pathways in the KEGG pathway database. Variations among samples were assessed by
a K-means clustering algorithm31 (K=6) applied to the standard deviation of each gene
among the samples. Table 1 shows the pathways with posterior probability greater than 0.5
in the comparison of SS and SS.13BN rats on the 8% NaCl diet. Also shown in Table 1 are
member genes of a pathway that had posterior probability greater than 0.5 given the set of
selected pathways and were ranked in the top 10 genes within the pathway. Pathways and
genes identified on the 0.4% NaCl diet are shown in Supplemental Table S5. Note that the
Bayesian analysis does not unequivocally exclude a pathway or a gene. The analysis ranks
pathways or genes by their posterior probabilities, and the ranking is more informative than
absolute values of posterior probability.
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We assessed whether expression data and known relationships among genes (the R matrix)
both contributed to the ranking of pathways. Pathways were ranked based on posterior
probabilities obtained from analyses considering expression data only or both expression
data and the R matrix. Analysis incorporating the R matrix generally yielded higher
posterior probabilities. The assessment, however, focused on the ranking of pathways. The
correlation of pathway rankings under the two analytical conditions was plotted in Figure 3.
The spread of the plot (deviations from the line of identity) suggests that known
relationships among genes contributed to the ranking. The high degree of correlation, on the
other hand, suggests that expression data or other properties of the pathways, such as
pathway size, contributed importantly to the ranking of pathways. As expected, there was a
correlation between pathway size and posterior probability. However, there were also
pathways of the same size that had very different posterior probabilities. Therefore, it
appears that, although larger pathways had a higher probability to be selected, it was
necessary that the data supported the selection.

Increased proliferative cells in mTALs of SS rats on the 8% salt diet
A “cell cycle” pathway was one of the most highly ranked pathways according to the
Ingenuity Pathway Analysis of genes differentially expressed between SS and SS.13BN rats
on the 8% salt diet (Supplemental Table S4). A pathway entitled “Pathways in cancer”,
which is largely related to cell cycle and proliferation regulation, was one of the most highly
ranked pathways according to the Bayesian model analysis (Table 1). Based upon this
prediction, we performed studies to specifically examine the status of cell proliferation in
mTALs in SS and SS.13BN rats.

As shown in Figure 4, 2.3% to 4.4% of all mTAL cells were in a proliferative state (positive
for Ki-67 staining) when the rats were on the 0.4% salt diet (not significantly different
between SS and SS.13BN rats). Exposure to the 8% salt diet for 7 days substantially
increased the number of proliferative mTAL cells in both strains. In SS rats on the 8% salt
diet, 15.0% of mTAL cells analyzed were in a proliferative state, which was significantly
higher than the 10.1% in SS.13BN rats (n=7–9, P<0.05) (Figure 4).

Despite a higher proportion of cells that were in a proliferative state, SS rats did not have
more total cells in each mTAL section analyzed compared to SS.13BN rats. The total number
of cells per mTAL section analyzed was 11.6 in SS rats on the 8% salt diet, which was not
significantly different from 10.7 cells per mTAL section in SS.13BN rats (n=7–9, Figure 4).
The number of mTAL sections analyzed was lower in SS rats on the 8% NaCl diet than in
SS.13BN rats (24.4 ± 1.3 vs. 33.0 ± 1.6 mTAL sections per field, n=7–9, P<0.05), likely
because mTALs with overt damage, which were more prevalent in SS rats, were not
included in the counting because it was difficult to obtain accurate cell counts from damaged
segments.

The number of cells that were in the G2/M phases (positive for p-H3 staining) was very
small in all treatment groups. The number tended to be higher in SS rats on the 8% salt diet
(0.60 ± 0.20 cells/field) than in SS.13BN rats (0.28 ± 0.13 cells/field), but the difference did
not reach statistical significance. The p-H3 staining procedure appeared to have worked
properly as a significant number of cultured Hela cells stained positive (Supplemental
Figure S2), although we could not directly compare staining in cultured cells and kidney
sections.

In SS rats on the high-salt diet, 0.68% ± 0.36% of cells in morphologically normal mTAL
segments stained positive in the TUNEL analysis of apoptosis, which tended to be higher
than in SS.13BN rats (0.11% ± 0.05%), but the difference did not reach statistical
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significance. The proportions of positive cells were 0.23% ± 0.19% in SS rats and 0.15% ±
0.06% in SS.13BN rats on the 0.4% salt diet (not significantly different).

Discussion
The present study was the first to characterize the transcriptome in a specific nephron
segment in a model of hypertension and one of the first to study the transcriptome in tissues
highly enriched for a single cell type in hypertension. Transcriptome analyses have been
reported in nephron segments isolated from humans or animal models under physiological
conditions.32,33,34,35 The mTAL is particularly relevant to the SS rat model of hypertension.
Impairment of pressure natriuresis in SS rats has been attributed to elevated NaCl
reabsorption in the loop of Henle.19,25 Dopamine and nitric oxide inhibits Na+/K+-ATPase
activity or chloride reabsorption in the thick ascending limb less effectively in SS rats than
in Dahl salt-resistant rats.21,22 Production of 20-hydroxyeicosatetraenoic acid, which
inhibits chloride transport in mTALs, is diminished in mTALs in SS rats.18,26 NKCC2,
which mediates the bulk of NaCl reabsorption in the thick ascending limb, is up-regulated in
SS rats and possibly in humans with elevated blood pressure salt-sensitivity.14,15,16,17

mTALs contribute to increased production of reactive oxygen species in SS rats, which may
contribute to the impairment of medullary blood flow regulation that is important for
pressure natriuresis.20,23,24

In the differentially expressed genes involved in the identified Ingenuity Canonical
Pathways, Cxcr4, F5, Fcgr3a, Pla2g4a, and Ptgs2 are located on rat chr. 13. These genes are
involved in inflammation, fibrosis, and arachidonic acid metabolism, which are known to
contribute to or exacerbate the development of hypertension. Much more work, however,
would need to be done before any causal contribution of these genes to hypertension could
be established. Importantly, differentially expressed genes not mapped to the consomic
chromosome could still be highly relevant to the hypertension phenotype. It is unlikely that
causal genes located on the consomic chromosome are the only genes involved in the
development and progression of the hypertension phenotype. Instead, it is likely that the
causal genes contribute to the hypertension phenotype by influencing, directly or indirectly,
biological pathways involving genes located on other chromosomes, forming a tree-like
regulatory network that we proposed previously.11

We previously performed a transcriptome analysis of the renal outer medulla, using the
same rat strains, dietary conditions, and array platform as the current study of mTALs.8

Several inflammation-related pathways were identified as highly represented in the
differentially expressed genes by Ingenuity Pathway Analysis in both studies. Some
pathways, however, were identified in only one of the two studies. For example, β-
adrenergic signaling and nitric oxide signaling pathways were identified only in the outer
medulla study, while pathways related to fibrosis and cell cycle regulation were identified
only in the mTAL study.

A novel and unexpected finding of the current study was that SS rats fed the high-salt diet
had more mTAL cells that were in a proliferative state, compared to SS.13BN rats.
Moreover, the high-salt diet increased proliferative mTAL cells by several fold in both
strains of rats. The vast majority of terminally differentiated cells in the kidney, including
mTAL cells, are in the quiescent state of G0. Proximal tubular cells can re-enter the cell
cycle following massive cell death that occurs in conditions such as severe ischemic-
reperfusion injury.36 But even in ischemic-reperfusion injury, mTALs are largely spared. It
is, therefore, rather unexpected that we found increased proliferative mTAL cells in rats fed
the high-salt diet, especially SS rats. Interestingly, alterations of cell cycle regulation in the
kidneys of SS rats were suggested not only by the current mTAL transcriptome analysis but
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also by our previous transcriptome analysis of the renal cortex.8 The cell cycle regulation
pathway, however, was not identified in the analysis of homogenized renal outer medulla
tissue.8 In the current mTAL study, the cell cycle regulation pathway was prominent in
strain comparisons under both 0.4% and 8% salt conditions according to the Bayesian
analysis and the top 10 ranking genes largely overlapped. Yet SS rats on the 0.4% salt diet
did not show a significant difference in mTAL proliferative states compared to SS.13BN rats.
The ranking of the top genes differs between the two dietary salt conditions. Expression
patterns for some of the specific genes also differ between the two conditions. In addition,
Ingenuity Pathway Analysis identified cell cycle related pathways from the high-salt dataset
only.

It remains to be determined what mechanisms cause the increase in proliferative mTAL cells
in SS rats on the high-salt diet. Angiotensin II, at doses that do not increase proliferation of
proximal tubular cells, stimulates proliferation of a murine mTAL cell line via AT1
receptors.37 The SS rat is a low-renin model of hypertension. Yet intra-renal levels of
angiotensin II have been shown to be abnormally high in SS rats fed a high-salt diet.38,39 In
addition, reactive oxygen species at moderate concentrations can stimulate cell
proliferation.40,41 The renal medulla of SS rats is known to have higher levels of reactive
oxygen species including superoxide and H2O2 compared to SS.13BN rats, which
contributes to the development of hypertension in SS rats.42,43

The nature of the cell cycle alteration that we observed and their functional consequences
remain to be investigated. Nevertheless, the current study has provided several interesting
clues. Despite increased proliferative mTAL cells in SS rats, total cells per mTAL section
were not significantly different between SS and SS.13BN rats. In fact, total cells per mTAL
section were not significantly different between rats on the two salt diets, even though
proliferative mTAL cells increased by several fold in rats fed the high-salt diet. There are
two possible explanations. One, mTAL cells were proliferating to replace lost cells. Two,
the proliferative mTAL cells had exited G0, but were not able to progress through the cell
cycle to complete cell division. SS rats fed the high-salt diet had more mTALs that were
overtly damaged and filled with casts, as one would expect. However, we only counted cells
in mTALs that appeared normal because cells in damaged mTALs were distorted, making it
difficult to obtain accurate counts. Therefore, it appears that the more likely scenario is that
proliferative mTAL cells were arrested at some point of the cell cycle.

G2/M arrest of proximal tubular cells following injury contributes to the development of
tubulointerstitial fibrosis.36 Tubulointerstitial fibrosis in the outer medullary region is a
pathological hallmark of SS rats and is significantly attenuated in SS.13BN rats.4,9 It would
be consistent with the fibrotic phenotype if proliferative mTAL cells in SS rats were arrested
in G2/M. SS rats on the high-salt diet indeed tended to have more mTAL cells that were in
G2/M phases. However, very few mTAL cells overall were in G2/M phases in either strain
of rats on either salt diet. It suggests that the proliferative mTAL cells that we observed
might be in G1 or S phase. G1/S arrest can be a response to mild DNA damage, allowing
DNA repair to take place.44,45 Failure of repair could lead to apoptosis. Apoptosis appears to
increase in the injured kidneys of SS rats,46 although we were not able to detect a significant
difference in apoptotic cells in morphologically normal mTALs between SS and SS.13BN

rats. A pro-inflammatory milieu, which exists in the kidneys of SS rats,38,47 could also cause
G1/S arrest.48

It remains to be determined if the signal that stimulates mTAL cell proliferation in SS rats is
the same signal that prevents mTAL cells from completing the cell cycle. Cellular signals
for proliferation and G1/S arrest are often distinct. For example, reactive oxygen species can
stimulate proliferation, while anti-oxidant treatments can lead to late-G1 arrest.40,41,49 In
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some cases, however, a cellular signal can cause proliferation followed by G1/S arrest
(Shimi 2011).50

Perspectives
The study provides genome-wide insights into the mechanism of hypertension at the level of
a specific nephron segment. The finding of abnormalities in cell proliferation in mTALs
may stimulate a new direction of research of hypertension or hypertensive renal injury.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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NOVELTY AND SIGNIFICANCE (per journal requirement)

What is new?

1. Novel and unexpected findings on changes in cell proliferation in mTALs.

2. One of the first to examine the transcriptome in tissues highly enriched for a
single cell type in hypertension.

3. Application of a Bayesian method to hypertension research to identify biological
pathways independent of determination of differential expression.

What is relevant?

The study provides genome-wide insights into the mechanism of hypertension at the level
of a specific nephron segment.

Summary

We identified several biological pathways in the mTAL that might contribute to
hypertension or hypertensive renal injury and provided novel evidence for alterations in
cell proliferation in mTALs in SS rats.
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Figure 1. Quality control of mTAL isolation and RNA extraction
A. Real-time PCR analysis of marker genes. Enrichment of mTALs in the mTAL isolations
compared to the outer medulla was assessed by examining abundance ratios of an mTAL
marker (NKCC2) to markers of other cells (see Results). The ratios were artificially set as 1
for the outer medulla. B. The vast majority of the collected nephron segments (bright field)
were stained positive for Tamm-Horshfall protein (THP), a mTAL-specific protein. C.
Bioanalyzer analysis of RNA samples. Samples marked with X were discarded.
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Figure 2. Genes differentially expressed in mTALs between SS and SS.13BN rats were enriched
for genes located on chromosome 13
See Supplemental Methods for an explanation of how “representation index” was calculated.
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Figure 3. Both existing knowledge of gene-gene relationships and the expression profile data
contributed to the ranking of pathways in the Bayesian analysis
Rankings of 244 pathways were plotted. A higher ranking indicates the pathway is more
likely to discriminate the two rat strains. R, R matrix describing known relationships
between genes.
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Figure 4. More mTAL cells were in a proliferative state in SS rats on the 8% salt diet than in SS.
13BN rats
LS, 0.4% NaCl diet; HS, 8% NaCl diet for 7 days; 13, SS.13BN rats. N=4 for LS groups,
n=7–9 for HS groups, *, P<0.05 vs. SS.13BN on HS, #, P<0.05 vs. LS of the same strain.
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Table 1
Top pathways (posterior probability > 0.5) and top genes given pathways identified by
Bayesian model analysis of data from rats fed the 8% NaCl diet

The pathways and genes were identified as being best able to discriminate SS and SS.13BN rats fed the high-
salt diet. See Methods for detail.

pathway_id pathway_names
Posterior
Probability

Top 10 genes with
posterior probability > 0.5
and in order of ranking

hmr04144 Endocytosis 1.0000 Igf1r, Pdgfra, Hras, Egfr, Met, Src, Cblb, Kdr, Kit, Flt1

hmr04010 MAPK signaling pathway 1.0000
Mapk1, Mapk3, Kras, Pdgfra, Nras, Hras, Egfr, Prkca, Prkcb,
Mapk12

hmr04080 Neuroactive ligand-receptor interaction 0.8848 Grm2, Gabbr1

hmr05200 Pathways in cancer 0.7966
Pik3cd, Pik3r1, Pik3r2, Pdgfra, Mapk1, Kras, Pik3r3, Pik3ca,
Igf1r, Mapk3

hmr04062 Chemokine signaling pathway 0.6943
Gnai2, Pik3cd, Pik3r2, Pik3ca, Pik3r1, Pik3r3, Mapk1, Mapk3,
Gnai3, Gnai1

hmr04060 Cytokine-cytokine receptor interaction 0.6521 Pdgfra, Egfr, , Met, Kdr, Flt1, Kit, Csf1r, Il2rg, Vegfc, Flt4

hmr04910 Insulin signaling pathway 0.6111
Pik3cd, Pik3r2, Mapk1, Pik3r1, Pik3r3, Nras, Kras, Pik3ca,
Pik3cb, Mapk3

hmr04141 Protein processing in endoplasmic reticulum 0.5987 Mapk10, Mapk9

hmr03013 RNA transport 0.5522 (none)
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