
Doença	  renal	  em	  Pediatria:	  	  
Uma	  abordagem	  translacional	  

Ana	  Cris7na	  Simões	  e	  Silva,	  MD,	  PhD	  
Professor	  Titular,	  Departamento	  de	  Pediatria	  
Unidade	  de	  Nefrologia	  Pediátrica	  
Laboratório	  Interdisciplinar	  de	  Inves7gação	  Médica	  
Faculdade	  de	  Medicina,	  UFMG	  



Sumário	  

Doença renal 

Síndrome Nefrótica Primária 

     Marcadores prognósticos 

     Sistema Imune 

     Sistema Renina-Angiotensina 

     Perspectiva Terapêutica 

Malformações dos Rins e do Trato Urinário 

     Embriogênese dos Rins e do Trato Urinário 

     Alterações genéticas em CAKUT 

     SRA e inflamação na válvula de uretra posterior 

Conclusão 



Doença	  renal	  

 Dados latino-americanos e brasileiros sobre doença renal 

crônica são escassos (doença silenciosa e subnotificação).  

 O Third National Health and Nutrition Examination Survey dos 

Estados Unidos em 2005 estimou que 11% da população 

americana adulta seja portadora de algum grau de doença 

renal crônica e mais de 8 milhões tenham ritmo de filtração 

glomerular < 60ml/min/1,73 m2.  

 A doença renal crônica terminal tem aumentado no Brasil e 

apresentado mortalidade superior, em números absolutos, a da 

maioria das neoplasias. 
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Síndrome	  Nefró7ca	  Primária	  

Principal causa de doença glomerular em 

pediatria.  

Síndrome nefrótica por lesões mínimas e 

Glomeruloesclerose focal e segmentar – 

espectros da mesma doença?  

Marcadores prognósticos. 

Sistema imune e do SRA. 

Dificuldades no tratamento.  
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receptor Mas and through inhibition of the extracellular
signal-regulated kinase 1/2 (ERK1/2) signal transduction
pathway. Angiotensin(1–7) also inhibited [3H]thymidine
incorporation in vascular smooth muscle cells (VSMC)
in response to stimulation by fetal bovine serum,
platelet-derived growth factor and Ang II (Freeman et al.
1996). In addition, using a murine sponge model of
angiogenesis, an antiproliferative effect of Ang(1–7) on
fibrovascular tissue has been reported (Machado et al.
2000). The receptor Mas appears also to be involved in the
antiproliferative effect of Ang(1–7) in VSMC and in stent-
induced neointima proliferation (Langeveld et al. 2005).
Furthermore, it has been demonstrated that Ang(1–7)
inhibits vascular growth through prostaglandin-mediated
intracellular events, inducing production of cAMP and
reduction of Ang II-stimulated ERK1/2 activities (Tallant
& Clark, 2003).

Polymorphism of ACE2

Since the discovery of ACE2 in 2000 (Tipnis et al.
2000; Donoghue et al. 2000), its functional relevance

Figure 4. Schematic representation of the main actions of Ang(1–7) in the heart, vessels, kidneys, brain
and liver

in mammals has become unequivocal. At the moment,
it is clear that this carboxypeptidase is present in the
cardiovascular system, as well as in organs involved in
the control of blood pressure, such as brain and kidneys
(Harmer et al. 2002). In addition, as mentioned above,
this enzyme has provided more consistent support for the
establishment of a counter-regulatory arm within the RAS,
formed by ACE2 and its main catalytic product, Ang(1–7)
(Crackower et al. 2002; Santos et al. 2005).

One interesting point raised in the last few years was
the evidence that the genetic variability in the ACE2
gene might modulate the susceptibility to cardiovascular
diseases (Frojdo et al. 2005; Lieb et al. 2006; Zhong
et al. 2006; Yang et al. 2006). Following the first
unsuccessful, tentative attempt to demonstrate that single
nucleotides polymorphisms (SNPs) of ACE2 are involved
in hypertension (Benjafield et al. 2004), many other studies
have suggested that SNPs of this enzyme may be associated
with increased left ventricular mass and septal wall
thickness and ventricular hypertrophy (Lieb et al. 2006),
coronary heart disease and myocardial infarction (Yang
et al. 2006), and hypertension in patients with metabolic
syndrome (Zhong et al. 2006). However, apparently

C⃝ 2008 The Authors. Journal compilation C⃝ 2008 The Physiological Society

 by on May 3, 2008 ep.physoc.orgDownloaded from 



Exp Physiol 93.5 pp 519–527 ACE2–Ang(1–7)–Mas axis 521

Figure 2. Metabolic similarities and differences between the two ACEs of the RAS
Abbreviations: ACE, angiotensin-converting enzyme; and Bk, bradykinin.

vasodilatation (Fig. 3). The fact that Ang(1–7)/Mas
directly antagonizes many actions of Ang II provides an
additional layer of counter-regulation in the system.

Angiotensin(1–7) when given acutely or chronically
produced only slight changes (Braga et al. 2002) or did
not alter blood pressure (Santos et al. 2000, 2004). This
appears to contradict the novel RAS concept. However,
if one considers other haemodynamic parameters, the
picture changes. Acute (Sampaio et al. 2003) or chronic
increase (Botelho-Santos et al. 2007) in Ang(1–7) produces
substantial augmentation in selected regional blood flows.
More importantly, a significant increase in cardiac output
associated with a decrease in peripheral resistance was
observed (Sampaio et al. 2003; Botelho-Santos et al. 2007).
Since these parameters changed in opposite directions and
with an equipotent influence on blood pressure, mean
arterial pressure did not change. It remains to be seen
whether similar changes are produced in other animals.

The ACE2–Ang(1–7)–Mas axis and the heart

One of the major recent advances in our understanding
of the pathophysiological role of the ACE2–Ang(1–7)–
Mas axis is related to its cardiac effects. Angiotensin(1–
7) is present in the viable myocardium, and its formation
appears to depend on Ang II as a substrate (Zisman et al.
2003; Averill et al. 2003). The expression of this peptide
is associated with cardiac remodelling, in that it is lost in
the infarcted area and significantly increased in the border
area (Averill et al. 2003).

The elevated expression of Ang(1–7) in the failing heart
tissue paralleled the expression of its forming enzyme,
ACE2 (Santos et al. 2005). Several observations and
experimental evidence suggest a beneficial role for ACE2
in cardiovascular function. Elevated ACE2 expression at
the initial stage of several pathologies, which declines with
progression of the disease, might indicate a protective
role for ACE2. Genetic manipulation of ACE2 expression,
either by targeted disruption or overexpression, suggests

the possible significance of this enzyme in cardiac function
(Crackower et al. 2002; Diez-Freire et al. 2006; Gurley
et al. 2006). Despite the controversy concerning the
consequences of ACE2 deficiency on basal heart function
(Crackower et al. 2002; Gurley et al. 2006), it is becoming
clear that ACE2 has a cardioprotective role in heart
dysfunction induced by Ang II infusion (Huentelman et al.
2005) or increased after-load (Diez-Freire et al. 2006).

Figure 3. The vasoconstrictor/proliferative and the
vasodilator/antiproliferative actions of the RAS mediated by
Ang II and Ang(1–7), respectively, depend on the ACE/ACE2
ratio balance
Abbreviations: ACE, angiotensin-converting enzyme; and Ang,
angiotensin.
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Figure 1: Proposed mechanisms for the role of ACE-Ang II-AT1 receptor axis in excess of ACE2-Ang-(1-7)-Mas receptor axis at renal level.

damage in unilateral ureteral obstruction and in ischemia/re-
perfusion injury, and that the infusion of Ang-(1-7) to wild-
type mice elicited an inflammatory response. Furthermore,
animal models of renal diseases have also showed discrepant
findings. Zhang et al. [55] showed that a 5-day infusion of
Ang-(1-7) improved glomerulosclerosis in a rat model of
thy-1-induced glomerulonephritis, whereas Velkoska et al.
[72] verified that a 10-day infusion of the same concentra-
tion of Ang-(1-7) in rats with subtotal nephrectomy was
associated with deleterious effects on blood pressure and the
heart, with increase in cardiac ACE, and decrease in cardiac
ACE2 activity. Although these findings are conflicting, cell-
specific signaling pathways associated with Ang-(1-7) in the
kidney could play a role in the variable response. In this
regard, in the proximal tubule Ang-(1-7) displays growth
inhibitory properties and antagonizes the effects of Ang II
[60], whereas in mesangial cells, it appears to stimulate cell
growth pathways [73]. In addition, the vascular and tubular
effects of Ang-(1-7) in the kidney appear to be importantly
influenced by experimental conditions and the level of RAS
activation [74].

2.2. Current Clinical Evidence. Agonists and antagonists
of the Ang-(1-7)-Mas axis probably possess a therapeutic
potential for the modulation of sodium and water excretion
in many physiologic and pathologic renal conditions, such
as arterial hypertension, nephrogenic diabetes insipidus,
glomerular diseases, chronic kidney disease (CKD), and dia-
betic nephropathy (see [68–70], for review). Ang-(1-7) can
be measured in plasma and urine samples collected in healthy
subjects and in patients with diverse clinical conditions (see
[68–70], for review). Changes in blood pressure, in blood
volume, in sodium intake and in renal function were able
to modify the levels of Ang-(1-7) measured in plasma, renal
tissue, and urine [75–81]. In addition, the concentration of
the heptapeptide may differ in plasma and urine samples
of the same subject. Accordingly, Ferrario and coworkers
have reported that Ang-(1-7) is excreted in the urine of

normal healthy adult volunteers in amounts 2.5-fold higher
than those measured in plasma [82]. In the same study,
it was also observed that untreated adults with primary
hypertension exhibited a lower urinary excretion of Ang-(1-
7) than normotensive controls and urinary concentrations
of Ang-(1-7) were inversely correlated with blood pressure
[82].

In pediatric patients, Simões e Silva and coworkers have
reported significant differences among circulating Ang II
and Ang-(1-7) levels in renovascular disease and in primary
hypertension [83]. Children with renovascular hypertension
had plasma levels of Ang II higher than of Ang-(1-7) and
the successful correction of unilateral renal artery stenosis
produced a return of circulating angiotensins to levels similar
to those in healthy subjects. In contrast, patients with
primary hypertension had significant elevation of circulating
Ang-(1-7), while the levels of Ang I and Ang II were within
the same range as in healthy subjects. In addition, the
achievement of blood pressure control with calcium channel
blockers did not change plasma concentration of Ang-(1-
7) and Ang II. The physiopathological meaning of increased
levels of only Ang-(1-7) in pediatric primary hypertension is
still unknown and raises the question whether this elevation
is a compensatory mechanism that opposes deleterious renal
and cardiovascular effects of Ang II or whether, at supra
physiological concentrations, Ang-(1-7) could act as another
RAS mediator of renal dysfunction.

In addition, Simões e Silva et al. have demonstrated a
significant increase in plasma Ang-(1-7) and Ang II levels
among hypertensive children with CKD stage III when
compared to normotensive CKD patients with the same stage
of renal dysfunction [76]. While the presence of hypertension
affected plasma concentration of both peptides, the progres-
sion to end stage renal disease was accompanied by more
pronounced elevation only in Ang-(1-7) levels. Ang II levels
were similarly elevated despite the level of renal dysfunction.
Taken together, these data support a preferential production
of Ang-(1-7) in end stage renal disease [76]. Future studies
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transcription of pre-prorenin in the cell nucleus, prorenin is
further processed in the endoplasmic reticulum then
packaged into secretory granules by the Golgi apparatus,
where a portion appears to be converted into active renin
[6]. Both prorenin and renin are mainly released following
stimulation of renal juxtaglomerular cells. However, extra-
renal sites of prorenin to renin conversion have been shown
to exist in diverse locations, including the ovaries, placenta,
testes, adrenal glands, and retina [6]. Until recently, it was
thought that prorenin had no intrinsic activity. However,
with the discovery of the prorenin receptor, that view is
now changing, as will be described in more detail later.

Major stimuli for secretion of renin from the
juxtaglomerular apparatus include glomerular hypoperfusion,
reduced sodium intake, and increased activity of the sympa-
thetic nervous system. In the classic systemic RAAS,
circulating renin cleaves its substrate angiotensinogen, to form
the decapeptide angiotensin I (Ang I), which is converted by
angiotensin-converting enzyme (ACE) to the major active
component of the RAAS, angiotensin II (Ang II; Fig. 1).

Angiotensinogen is an alpha-2-globulin, member of the
serpin superfamily, which is produced constitutively and
released into the circulation mainly by the liver. Plasma
angiotensinogen levels are increased by corticosteroids,
estrogen, thyroid hormone, and Ang II levels [2]. It is the
main substrate for renin (Fig. 1).

Angiotensin-converting enzyme, or kininase II, is a
dipeptidyl carboxypeptidase, existing as two isozymes
transcribed by a single gene. The larger isozyme, termed
somatic (endothelial) ACE, is present as an ectoenzyme in
vascular endothelial cells and plays a role both in the

RAAS and the kallikrein–kinin system by converting Ang I
to Ang II and by inactivating bradykinin, a potent
vasodilator [7]. The major site of action of ACE is the
lungs, but it also exists in plasma, in the interstitium, and
intracellularly. Tissue ACE is present in all major organs,
including the heart, brain, blood vessels, adrenals, kidney,
liver, and reproductive organs, and appears to play an
important role in blood pressure control [7].

Ang II is an octapeptide considered the main mediator of
the classic systemic RAAS. It is a potent vasoconstrictor
and thus increases blood pressure. It also stimulates the
release of aldosterone from the zona glomerulosa of the
adrenal gland, which results in a further rise in blood
pressure. Aldosterone mediates sodium and water retention
by directly acting at the distal tubule. In addition, it plays an
important physiological role in the regulation of sympathetic
nervous activity and the thirst response.

The physiological effects of Ang II are mediated
primarily through the plasma membrane receptor AT1

(Fig. 1) and, less significantly, by the AT2 receptor. The
AT1 receptor is composed of 359 amino acids and belongs to
the seven-membrane-spanning G protein-coupled receptor
family [8, 9]. AT1 receptor activation stimulates vasocon-
striction, vascular cell hypertrophy and hyperplasia, sodium
retention, reactive oxygen species generation via NADPH
induction and induction of inflammatory, thrombotic, and
fibrotic processes. Independently of its effect on blood
pressure, Ang II via its interaction with the AT1 receptor
contributes to left ventricular remodeling, alterations in the
morphology and mechanical properties of the vasculature,
and the development of endothelial dysfunction [10].
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sodium retention
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AT1 MAS
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anti-hypertrophy
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Fig. 1 The metabolic pathways
of the renin–angiotensin–
aldosterone system’s main
products, angiotensin (Ang) II
and Ang-(1–7), and their major
effects elicited by the interaction
respectively with Ang II type 1
receptor (AT1) and Ang-(1–7)
receptor (Mas). ACE
angiotensin-converting enzyme,
ACE2 angiotensin-converting
enzyme2, Ang angiotensin
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1836 Pediatr Nephrol (2012) 27:1835–1845



Simões	  e	  Silva	  AC	  et	  al,	  Bri7sh	  J	  Pharmacol	  2013;	  169:477-‐92	  	  

hypertensive rats, while 17-beta-estradiol replacement pre-
vented these effects. In addition, the infusion of Ang-(1-7)
attenuated renal injury, which was exacerbated by ovariec-
tomy in this experimental model (Ji et al., 2008). More
recently, higher ACE2 activity was detected in the kidney of
male mice compared to females, a difference which was
linked to the presence of 17-beta-estradiol in the ovarian
hormone milieu (Liu et al., 2010). Therefore, changes in
17-beta-estradiol probably lead to fluctuations in renal ACE2

activity in women during puberty, pregnancy and meno-
pause with potential physiological implications.

Immunohistochemical data have shown a similar distri-
bution for Ang-(1-7), ACE2 and Mas within the kidney
(Chappell et al., 2004), placing the key components together
for activation and activity. Consistent with the latter finding,
it has been shown that the biological effects of Ang-(1-7) in
the kidney are primarily mediated by Mas (Santos et al.,
2003b; Pinheiro et al., 2004; 2009). Mas-deficient mice have

Figure 2
Schematic representation of the RAS effects on inflammatory cells. Main components of the RAS are present on macrophages (A), lymphocytes
(B), dendritic cells (C) and neutrophils (D) and modulate inflammatory response by affecting cytokine production and release, cellular migration
and signalling pathways.
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Abstract

Angiotensin-(1–7) [Ang-(1–7)] is a biologically active heptapeptide that may counterbalance the physiological actions of
angiotensin II (Ang II) within the renin-angiotensin system (RAS). Here, we evaluated whether activation of the Mas receptor
with the oral agonist, AVE 0991, would have renoprotective effects in a model of adriamycin (ADR)-induced nephropathy.
We also evaluated whether the Mas receptor contributed for the protective effects of treatment with AT1 receptor blockers.
ADR (10 mg/kg) induced significant renal injury and dysfunction that was maximal at day 14 after injection. Treatment with
the Mas receptor agonist AVE 0991 improved renal function parameters, reduced urinary protein loss and attenuated
histological changes. Renoprotection was associated with reduction in urinary levels of TGF-b. Similar renoprotection was
observed after treatment with the AT1 receptor antagonist, Losartan. AT1 and Mas receptor mRNA levels dropped after ADR
administration and treatment with losartan reestablished the expression of Mas receptor and increased the expression of
ACE2. ADR-induced nephropathy was similar in wild type (Mas+/+) and Mas knockout (Mas2/2) mice, suggesting there was
no endogenous role for Mas receptor activation. However, treatment with Losartan was able to reduce renal injury only in
Mas+/+, but not in Mas2/2 mice. Therefore, these findings suggest that exogenous activation of the Mas receptor protects
from ADR-induced nephropathy and contributes to the beneficial effects of AT1 receptor blockade. Medications which
target specifically the ACE2/Ang-(1–7)/Mas axis may offer new therapeutic opportunities to treat human nephropathies.
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Introduction

Angiotensin-(1–7) [Ang-(1–7)] is a biologically active heptapep-
tide that has been postulated to counterbalance the physiological
actions of angiotensin II (Ang II) within the renin-angiotensin
system (RAS) [1]. Ang-(1–7) was initially regarded as an inactive
component of the RAS for many years [2]. However, in recent
years, several key findings have increased our understanding of the
RAS and the biological significance of Ang-(1–7). This peptide is
present in the circulation and in many tissues, including heart,
vessels and kidney [2].

Numerous experimental and clinical studies have shown that
the inhibition of the ACE-Ang II-AT1 receptor axis reduces renal
dysfunction and fibrosis [3–5]. Therefore, ACE inhibitors (ACEi)
and AT1 receptor blockers (ARBs) have been used as first-line
therapies to reduce the progression of chronic kidney diseases

(CKD) [3,6]. Accumulating evidence suggests that, in addition to
Ang II, Ang-(1–7) also plays a key role in regulating renal function
by acting at glomerular and tubular sites [7–9]. Ang-(1–7)
increased renal blood flow in anesthetized rats, modulated sodium
and water excretion [10,11], reduced urinary protein excretion
[12,13], partially restored renal vascular responsiveness and
produced renal vasodilatation in diabetic SHR rats [14]. The
renal effects of Ang-(1–7) were mimicked by the synthetic oral
agonist of the Mas receptor, the compound AVE 0991 in the
kidney [7] as well in other disease models [15].

On the other hand, there still have been controversial findings
concerning the pathophysiological role of Ang-(1–7) in the context
of normal renal function or during disease states [16,17]. In this
regard, while Pinheiro et al [16] showed that genetic deletion of
Mas receptor in C57BL/6 mice led to glomerular hyperfiltration,
proteinuria and renal fibrosis, Esteban et al [17] reported that
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receptor agonist, significantly improved renal function parameters,
reduced urinary protein loss and attenuated histological changes in
a murine model of ADR-induced nephropathy. (ii) Renoprotective
actions of AVE 0991 were very similar to those produced by the
administration of Losartan, an AT1 receptor antagonist. (iii)
Renoprotection induced by AVE 0991 was associated with
reduction in urinary levels of the fibrogenic cytokine, TGFb1.
(iv) In ADR-induced nephropathy, mRNA expression for both
angiotensin receptors, AT1 and Mas, were decreased. On the
other hand, the treatment with Losartan significantly increased the

mRNA expression for Mas receptor and for ACE2 in renal tissue.
(v) Finally, renoprotective effects of Losartan were blunted in mice
with genetic deletion of Mas receptor, demonstrating that Mas
receptor activation is essential for the renoprotective effects of AT1

receptor antagonists.
ADR-induced nephropathy in mice mimics several aspects of

the renal dysfunction observed in human nephrotic syndrome
[23]. It is considered to be an experimental model of focal
segmental glomerulosclerosis, which is characterized by interstitial
infiltration, glomerular fibrosis, and proteinuria [18,19,24].

Figure 2. Effects of the treatment with the Mas receptor agonist, AVE 0991, and the AT1 receptor blocker, Losartan, on adriamycin-
induced renal injury. Adriamycin (ADR, 10 mg/kg) was injected in the tail vein of Balb/c mice. Animals were treated daily with vehicle (VE, filtered
water), AVE0991 (AVE, 3 mg/kg) or Losartan (LOS, 10 mg/kg) by gavage from days 7 to day 14 day after ADR injection. The sham group received a
single injection of NaCl 0.9% in the tail vein and was treated with filtered water. Microalbuminuria (A) and serum albumin levels (B) were evaluated on
day 14 in n = 6–10 mice per group. The panel also shows urinary levels of TGF-b (C) in n = 4–5 mice per group. (*) for P,0.05 when compared to VE
group and (#) for P,0.05 when compared to sham group.
doi:10.1371/journal.pone.0066082.g002

Mas Receptor in Adriamycin-Induced Nephropathy
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[23]. It is considered to be an experimental model of focal
segmental glomerulosclerosis, which is characterized by interstitial
infiltration, glomerular fibrosis, and proteinuria [18,19,24].

Figure 2. Effects of the treatment with the Mas receptor agonist, AVE 0991, and the AT1 receptor blocker, Losartan, on adriamycin-
induced renal injury. Adriamycin (ADR, 10 mg/kg) was injected in the tail vein of Balb/c mice. Animals were treated daily with vehicle (VE, filtered
water), AVE0991 (AVE, 3 mg/kg) or Losartan (LOS, 10 mg/kg) by gavage from days 7 to day 14 day after ADR injection. The sham group received a
single injection of NaCl 0.9% in the tail vein and was treated with filtered water. Microalbuminuria (A) and serum albumin levels (B) were evaluated on
day 14 in n = 6–10 mice per group. The panel also shows urinary levels of TGF-b (C) in n = 4–5 mice per group. (*) for P,0.05 when compared to VE
group and (#) for P,0.05 when compared to sham group.
doi:10.1371/journal.pone.0066082.g002
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Figure 3. Histological changes and index of tubulointertitial and glomerular injury of ADR-induced nephrosis at day 14. Adriamycin
(10 mg/kg) was injected in tail vein of Balb/c mice, on day 0 in vehicle-treated, VE (filter water), AVE0991-treated, AVE, (AVE 0991, 3 mg/kg) and
Losartan-treated, LOS groups (losartan, 10 mg/kg). Representative photographs of PAS stained of glomerular and tubular regions were obtained at
14th day. All mice were treated by gavage, daily, 7th to 14th day after ADR-induction. Glomerular (large arrow) and tubular injuries (thin arrows)
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Accordingly, we have found increased urinary protein excretion,
reduced serum albumin, mild elevation in systolic blood pressure
and significant histological changes in glomerular and tubular
compartments, as it has been reported in other studies [19,25–27].

Our study represents the first evidence of renoprotection
obtained with Mas receptor activation by oral administration of
its agonist, AVE 0991, in ADR-induced nephropathy. Studies
using mice with genetic deletion of the Mas receptor showed

observed in vehicle-treated mice (A–B) were attenuated by treatment with AVE 0991 (C–D) or Losartan (E–F). Original magnification 46objective (A,
C) and 406 (B, D). The indexes of tubulointerstitial (G) and glomerular (H) injuries were graded in a blind manner, as described in methods section.
Symbols represent results in single animals and the trace is median value for 5–8 animals. (*) for P,0.05 when compared to 14th day after ADR-
induction group and (#) for P,0.05 when compared to sham group.
doi:10.1371/journal.pone.0066082.g003

Figure 4. mRNA expression of Mas, AT1 and ACE2 in the kidneys after injection of adriamycin. In A, Mas and AT1 mRNA levels were
evaluated in the kidney before (Sham) and 7, 14 and 21 days after injection of adriamycin (ADR, 10 mg/kg). In B, Mas and AT1 mRNA levels at day 14
in kidneys of mice injected with adriamycin that were treated with vehicle (VE) or losartan (LOS, 10 mg/kg). In C, ACE2 mRNA levels at day 14 in
kidneys of mice injected with adriamycin that were treated with vehicle (VE) or losartan (LOS, 10 mg/kg). The dotted line across the graphs represents
levels in control animals. Renal mRNA levels of receptors and ACE2 were estimated by real time PCR. Results are mean 6 SEM of n = 5 mice per group.
(*) for P,0.05 when compared to sham group.
doi:10.1371/journal.pone.0066082.g004
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Figure 5. Treatment with losartan protects from adriamycin-induced renal damage in wild type (Mas+/+) but not Mas deficient
(Mas2/2) mice. Adriamycin (10 mg/kg) was injected in the tail vein of Mas+/+ (A–D) and Mas2/2 (E–H) FVBN mice. Animals were treated with water
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Quimiocinas	   SRA	   n	   r	   p	  
IP-10	   ECA 2	   31	   -0,4205	   0,0185	  

MCP-1	   Ang 1-7	   31	   -0,4850	   0,0057	  
MIG	   Ang 1-7	   31	   -0,3796	   0,0352	  

 	   Proteinúria 
ausente	  

Proteinúria presente	   p	  

Ang II	   16,4 ± 8,4	   14,7 ± 8,0	   0,570	  
ECA I	   98,4 ± 50,0	   172,9 ± 162,2 	   0,247	  

Ang 1-7	   17,5 ± 7,5	   16,0 ± 6,8	   0,662	  
ECA II	   13,5 ±10,7	   2,9 ± 5,2	   0,023	  
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Síndrome	  nefró7ca	  primária	  

Papel de quimiocinas na síndrome nefrótica primária: IL-8 

associada a alteração da permeabilidade glomerular (proteinúria) 

e MCP-1 associada à dislipidemia.  

Aumento da atividade migratória de linfócitos e monócitos em 

modelo experimental de síndrome nefrótica e aumento de 

marcadores inflamatórios em pacientes recidivados. 

Tratamento da síndrome nefrótica experimental com agonista oral 

do receptor Mas melhora a proteinúria, diminui a fibrose e a lesão 

histológica renal. 

Diminuição de ECA2 nos pacientes com proteinúria persistente. 

Interação do SRA com moléculas inflamatórias na SN. 



Malformações	  dos	  rins	  e	  do	  trato	  urinário	  

Causa muito frequente de malformação fetal.  

Causa mais comum de DRC em crianças no 

nosso meio. 

Faltam marcadores genéticos, moleculares, 

clínicos e de imagem capazes de predizer a 

evolução da função renal. 

Importância de evitar a progressão da lesão 

renal. 

Dificuldades na definição do tratamento. 
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Abstract
Objective:  to  determine  the  frequency  of  different  phenotypes  for  congenital  anomalies  of  the
kidney and  urinary  tract  (CAKUT)  in  a  Brazilian  sample,  and  to  evaluate  the  association  between
the CAKUT  phenotypes  and  the  BMP4  gene.
Methods:  in  this  study,  457  Brazilian  individuals  were  analyzed  in  an  attempt  to  establish
the association  between  the  BMP4  gene  and  the  CAKUT  diagnosis.  A  case-control  sample  was
genotyped  for  three  BMP4  gene  polymorphisms.
Results:  association  data  was  established  with  CAKUT  sample  as  a  whole  and  with  the  three
most important  CAKUT  phenotypes:  multicystic  dysplastic  kidney  disease  (MDK),  ureteropelvic
junction obstruction  (UPJO)  and  vesicoureteral  reflux  (VUR).  When  the  sample  was  segregated
in these  three  phenotypes,  associations  between  the  BMP4  gene  were  observed  with  UPJO  and
with MDK.  Conversely,  VUR  was  not  associated  to  the  polymorphisms  of  the  BMP4  gene.
Conclusions:  the  present  data  suggest  that  Brazilian  individuals  with  polymorphisms  of  the  BMP4
gene have  a  higher  risk  to  develop  CAKUT,  especially  the  malformations  related  to  nephrogenesis
and initial  branching  such  as  MDK  and  UPJO.  Conversely,  VUR  appeared  not  to  be  related  to  BMP4
gene.
© 2013  Sociedade  Brasileira  de  Pediatria.  Published  by  Elsevier  Editora  Ltda.  All  rights  reserved.
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Table  1  Allelic,  genotypic,  and  haplotypic  frequencies  and  association  between  CAKUT  patients  and  healthy  controls.

Allele  Marker  Phenotype  Case  Control  OR  95%  Lo  95%  Hi  X2 p-valuea p  1.000b

G  rs2071047  UPJO  0.60  0.45  1.00  1  1  4.98  0.03  0.16
A rs2071047  UPJO  0.40  0.55  0.54  0.31  0.93  4.98  0.03  0.16
G rs17563  UPJO  0.65  0.54  1.00  1  1  2.58  0.11
A rs17563  UPJO  0.36  0.46  0.64  0.37  1.11  2.58  0.11
G rs17563  VUR  0.56  0.54  1.00  1  1  0.06  0.79
A rs17563  VUR  0.44  0.45  0.94  0.58  1.52  0.07  0.79
G rs2071047  VUR  0.39 0.44  1.00  1  1  0.50  0.48
A rs2071047  VUR  0.60 0.56 1.19 0.73 1.94  0.50  0.48
G rs17563  Multicystic  Kidney  0.44  0.46  1.00  1  1  0.09  0.76
A rs17563  Multicystic  Kidney  0.56  0.54  1.08  0.65  1.81  0.09  0.76
G rs2071047  Multicystic  Kidney  0.63  0.55  1.00  1  1  1.66  0.20
A rs2071047  Multicystic  Kidney  0.37  0.45  0.71  0.42  1.19  1.66  0.20
G rs17563  All  CAKUT  phenotypes  0.36  0.46  1.00  1.00  1.00  9.10  0.002  0.54
A rs17563  All  CAKUT  phenotypes  0.64  0.54  1.49  1.15  1.93  9.10  0.002  0.54
G rs2071047  All  CAKUT  phenotypes  0.55  0.55  1.00  1.00  1.00  0.002  0.96
A rs2071047  All  CAKUT  phenotypes  0.45  0.45  0.99  0.77  1.28  0.002  0.96
GA rs17563  Multicystic  Kidney  0.33  0.54  0.43  0.16  1.09  5.05  0.02  0.03
GG rs2071047  UPJO  0.40  0.18  1.00  1  1  7.46  0.006  0.18
AA rs17563,  rs2071047  UPJO  0.22  0.37  0.46  0.23  0.93  4.62  0.03  0.33
GG rs17563,  rs2071047  All  CAKUT  phenotypes  0.31  0.36  1.00  1.00  1.00  3.88  0.05  0.82
GA rs17563,  rs2071047  All  CAKUT  phenotypes  0.05  0.09  0.67  0.35  1.30  5.98  0.01  0.33
AG rs17563,  rs2071047  All  CAKUT  phenotypes  0.24  0.18  1.54  1.04  2.28  5.72  0.02  0.02

OR, odds-ratio; Lo, lower limit; Hi, hight limit.
The results were obtained by !2 = chi-squared tests.

a uncorrected p-values.
b p-values obtained post 1,000 permutations.

Discussion

Association  studies  of  candidate  genes  have  helped  to  deci-
pher  the  genetic  basis  of  many  complex  diseases,  and  are
meaningful  to  establish  a  genotype-phenotype  relationship.
Mackie  and  Stephens21 postulated  that  the  primary  event
for  CAKUT  occurs  during  the  start  of  the  budding  process.
These  changes  during  the  budding  process  also  impact  many
developmental  disturbances,  even  at  renal  parenchyma,  by
producing  hypo-  and/or  dysplastic  kidneys.21 Since  then,
much  attention  has  been  directed  to  the  beginning  of
the  budding.  After  the  hypothesis  that  all  kidney  malfor-
mations  might  be  derived  from  a  single  mutation  and  a
consequent  inadequately  punctual  signaling  event,  several
genes  have  been  indicated  as  candidates  for  nephrogene-
sis  abnormalities.22,23 It  is  well  known  that  the  BMP  family
takes  part  in  the  ureteric  bud  development,  and  that  the
BMP4  gene  inhibits  this  process.9,11 High  concentration  of
BMP4  in  the  kidneys  of  mice  resulted  in  lower  numbers  of
bud  tips  when  compared  with  non-treated  embryonic  mice
kidneys.24,25 In  addition,  BMP4  appeared  to  be  a  regulator  of
the  ureteric  growth  rate,9,11 since  the  growth  of  the  ureteric
stalk  was  affected  by  exogenous  BMP4  and  its  expression  at
the  peri-ureteric  region  might  regulate  ureteric  elongation.9

In  this  context,  the  present  study  evaluated  the  potential
role  of  BMP4  gene  in  a  large  CAKUT  sample.  Furthermore,
associations  were  searched  for  between  the  BMP4  gene  and
specific  CAKUT  phenotypes,  such  as  UPJO,  MKD,  and  VRU.

BMP4  is  one  of  the  molecules  responsible  for  the  assembly
of  muscle  coating  of  the  urothelium,  the  insertion  of  the

most  caudal  part  of  the  ureter  into  the  bladder,  and  the
following  aggregation  of  cells  around  the  ureter  that  will
differentiate  into  smooth  muscles.9,11 Therefore,  the  proper
functioning  of  the  ureter  depends  on  the  positioning  of  the
ureter  emerging  from  Wolffian  duct.  Consequently,  it  has
already  been  established,  from  a  mice  model,  that  the  BMP4
gene  regulates  in  a  dose-dependent  rate  the  loss  of  ureteral
smooth  muscles  and  determines  the  UPJO  phenotype.25,26

In  that  way,  the  association  with  UPJO,  as  observed  in  the
present  CAKUT  sample,  is  at  least  expected.

Major  changes  in  kidney  structure  might  result  from  dis-
turbances  of  the  GDNF---RET  signaling.3,6 In  fact,  the  GDNF
is  downstream  to  BMP4.22,26 In  this  regard,  the  associa-
tion  found  between  the  BMP4  gene  and  MKD  in  the  present
sample  might  be  related  to  alterations  in  GDNF-RET  path-
way.  Moreover,  when  the  CAKUT  patients  were  segregated
according  to  the  three  main  endophenotypes,  a  different
pattern  of  association  for  MKD/UPJO  in  comparison  to  VUR
was  identified.  The  polymorphisms  evaluated  for  the  BMP4
gene  were  not  associated  with  VUR.  This  finding  at  least
suggests  that  different  pathways  might  regulate  the  gene-
sis  of  VUR,  and  this  microenvironment  does  not  include  the
BMP4  gene.  Despite  the  role  of  BMP4  in  ureteric  elongation,
the  gene  does  not  appear  to  regulate  the  tuning  and  the
insertion  of  the  ureter  into  the  bladder,  which  are  consid-
ered  critical  for  the  pathogenesis  of  VUR.  Further  studies
with  other  genetic  markers  are  necessary  to  elucidate  the
pathogenesis  of  VUR.

Another  aspect  to  be  considered  is  the  role  of  the  BMP4
gene  in  tissue  fibrosis.  Studies  on  the  role  of  the
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Luiz Armando Cunha de Marco • Eduardo Araújo Oliveira • Ana Cristina Simões e Silva
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Abstract
Background and Objectives Congenital anomalies of the

kidney and urinary tract (CAKUT) are common genetic mal-

formations. Since the PAX2 gene has a role in kidney organo-
genesis, this study investigated the association of PAX2 gene

polymorphisms with CAKUT in general and with specific

phenotypes of CAKUT in a Brazilian pediatric population.
Methods This study included 241 individuals with antenatal

hydronephrosis and 259 healthy controls. For genotyping and

allelic discrimination we used the probes to rs2077642,
rs4244341, rs6421335, rs11190698, and rs11190693.

Results No statistical differences in allele and genotype

frequencies were observed for the single nucleotide poly-
morphism (SNP) rs11190693. At the SNPs rs4244341 and

rs11190698, the frequencies of the ancestral alleles were

significantly higher among CAKUT patients (rs4244341
allele G: 0.86 vs. 0.78; rs11190698 allele A: 0.85 vs. 0.79).

At the SNP rs4244341, the genotype GG was increased in

CAKUT group (0.72 vs. 0.61, P = 0.013), while the TT was

higher in controls (0.01 vs. 0.05, P = 0.001). At the SNP
rs11190698, the genotype CC was increased in controls

(0.02 vs. 0.06, P = 0.01). The most frequent CAKUT phe-

notypes were vesicoureteral reflux (VUR), multicystic dys-
plastic kidney (MCDK), and ureteropelvic junction

obstruction (UPJO). In patients with VUR, the frequencies of

the monozygotic ancestral alleles decreased at the SNP
rs11190693 (AA 0.13 vs. 0.26, P = 0.04) and increased at

the SNP rs4244341 (GG 0.77 vs. 0.61, P = 0.03). No sta-

tistical differences were detected between controls and
patients with UPJO and with MCDK for all SNPs.

Conclusion The PAX2 gene seems to be involved with

the pathogenesis of VUR in our sample.

Key Points

This is the first study of PAX2 gene polymorphisms

in a Brazilian sample of congenital anomalies of the

kidney and urinary tract patients.

PAX2 gene polymorphisms are associated with

vesicoureteral reflux.

PAX2 gene polymorphisms are not associated with

multicystic dysplastic kidney and ureteropelvic
junction obstruction.

1 Introduction

Congenital anomalies of the kidney and urinary tract

(CAKUT) represent a broad range of disorders that result
from abnormalities of the urinary collecting system,

abnormal embryonic migration of the kidneys, or abnormal
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phenotypes of CAKUT in a Brazilian pediatric population.
Methods This study included 241 individuals with antenatal

hydronephrosis and 259 healthy controls. For genotyping and

allelic discrimination we used the probes to rs2077642,
rs4244341, rs6421335, rs11190698, and rs11190693.

Results No statistical differences in allele and genotype

frequencies were observed for the single nucleotide poly-
morphism (SNP) rs11190693. At the SNPs rs4244341 and

rs11190698, the frequencies of the ancestral alleles were

significantly higher among CAKUT patients (rs4244341
allele G: 0.86 vs. 0.78; rs11190698 allele A: 0.85 vs. 0.79).

At the SNP rs4244341, the genotype GG was increased in

CAKUT group (0.72 vs. 0.61, P = 0.013), while the TT was

higher in controls (0.01 vs. 0.05, P = 0.001). At the SNP
rs11190698, the genotype CC was increased in controls

(0.02 vs. 0.06, P = 0.01). The most frequent CAKUT phe-

notypes were vesicoureteral reflux (VUR), multicystic dys-
plastic kidney (MCDK), and ureteropelvic junction

obstruction (UPJO). In patients with VUR, the frequencies of

the monozygotic ancestral alleles decreased at the SNP
rs11190693 (AA 0.13 vs. 0.26, P = 0.04) and increased at

the SNP rs4244341 (GG 0.77 vs. 0.61, P = 0.03). No sta-

tistical differences were detected between controls and
patients with UPJO and with MCDK for all SNPs.

Conclusion The PAX2 gene seems to be involved with

the pathogenesis of VUR in our sample.

Key Points

This is the first study of PAX2 gene polymorphisms

in a Brazilian sample of congenital anomalies of the

kidney and urinary tract patients.

PAX2 gene polymorphisms are associated with

vesicoureteral reflux.

PAX2 gene polymorphisms are not associated with

multicystic dysplastic kidney and ureteropelvic
junction obstruction.

1 Introduction

Congenital anomalies of the kidney and urinary tract

(CAKUT) represent a broad range of disorders that result
from abnormalities of the urinary collecting system,

abnormal embryonic migration of the kidneys, or abnormal

D. M. de Miranda ! A. C. S. dos Santos Júnior !
G. S. dos Reis ! I. S. Freitas ! T. G. R. Carvalho !
L. A. C. de Marco ! E. A. Oliveira ! A. C. Simões e Silva
National Institute of Science and Technology, Molecular
Medicine (INCT-MM), Universidade Federal de Minas Gerais
(UFMG), Belo Horizonte, Brazil

D. M. de Miranda ! E. A. Oliveira ! A. C. Simões e Silva (&)
Department of Pediatrics, Unit of Pediatric Nephrology,
Interdisciplinary Laboratory of Medical Investigation, Faculty of
Medicine, Universidade Federal de Minas Gerais (UFMG),
Avenida Alfredo Balena, 190, 2nd Floor, Room #281,
30130-100 Belo Horizonte, MG, Brazil
e-mail: acssilva@hotmail.com

L. A. C. de Marco
Department of Surgery, Faculty of Medicine, Universidade
Federal de Minas Gerais (UFMG), Belo Horizonte, Brazil

Mol Diagn Ther

DOI 10.1007/s40291-014-0096-1

Author's personal copy

CAKUT phenotypes, it could be questioned whether all
cases have the same pathogenesis and whether it would be

appropriate to group them together or to investigate them

separately. On one side, the development of CAKUT
probably involves complex interactions among genetic

background, mutations, environmental, and epigenetic

factors [20, 21]. On the other side, mutations of the PAX2
gene are found in a monogenic syndrome of renal mal-

formation, the renal coloboma syndrome [13, 14], and also

in sporadic CAKUT cases [6, 15, 22–24]. The general idea
of our study is to perform a screening for the association of

PAX2 gene polymorphisms with the development of any

phenotype of CAKUT or with specific phenotypes in a
large sample of patients. Therefore, we have checked for

associations with five SNPs covering the entire PAX2 gene.

Despite some differences between the entire group of
CAKUT patients and controls for SNPs rs4244341 and

rs11190698, these variations were not found after 1,000

permutations. On the other hand, in the subgroup of
patients with VUR, the frequencies of the monozygotic

ancestral alleles significantly differed at the markers

rs11190693 and rs4244341 in comparison with controls,
whereas no changes were detected in cases of UPJO or

MCDK in our sample.
The precise role of the PAX2 gene in human CAKUT is

not fully understood. Currently, it is suggested that the

expression of PAX2 plays an important role in the
branching of the ureteric bud (UB) [9–11]. PAX2 acts by

regulating the interaction between the UB and the meta-

nephric blastema, which, in turn, contributes to the
branching process [5, 9–11]. PAX2 also activates inter-

mediate factors that transiently inhibit the apoptosis of UB

cells during branching morphogenesis in fetal kidney.
Consequently, a disruption in the correct expression of this

gene could result in an abnormal urinary tract development

and in a reduced number of nephrons [5, 7, 22–24]. Our
findings support a role of the PAX2 gene in VUR. In this

regard, previous studies showed that alterations in the

PAX2 gene may lead to the development of VUR, in part
due to failure of the UB to properly interact with the

metanephric mesenchyme during development, resulting in

abnormally (laterally) placed ureteric orifices [6, 25, 26].
Proper insertion of the distal ureters into the bladder is

mediated in part by glial cell line-derived neurotrophic

factor (GDNF) signaling via the influence of PAX2 [10,
27]. Experimental studies using mice with low expression

of the PAX2 gene (PAX21Neu?/-) support this hypothesis

Table 7 Comparison between genotype frequencies of PAX2 poly-
morphisms in patients with vesicoureteral reflux and the control group

SNP VUR Control P value

rs11190693

AA 0.13 0.26 0.04*

AT 0.63 0.50 0.09

TT 0.23 0.22 0.92

rs4244341

GG 0.77 0.61 0.03*

GT 0.23 0.32 0.18

TT 0.00 0.05 0.07

rs11190698

AA 0.77 0.65 0.09

AC 0.21 0.28 0.26

CC 0.02 0.06 0.21

SNP single nucleotide polymorphisms, VUR vesicoureteral reflux

* P value \0.05

Table 8 Comparison between genotype frequencies of PAX2 poly-
morphisms in patients with multicystic kidney disease and the control
group

SNP MCDK Control P value

rs11190693

AA 0.34 0.26 0.34

AT 0.51 0.50 0.94

TT 0.14 0.22 0.26

rs4244341

GG 0.77 0.61 0.07

GT 0.20 0.32 0.13

TT 0.03 0.05 0.47

rs11190698

AA 0.74 0.65 0.28

AC 0.23 0.28 0.47

CC 0.03 0.06 0.42

MCKD multicystic kidney disease, SNP single nucleotide
polymorphisms

Table 9 Comparison between genotype frequencies of PAX2 poly-
morphisms in patients with ureteropelvic junction obstruction and the
control group

SNP UPJO Control P value

rs11190693

AA 0.25 0.26 0.81

AT 0.52 0.50 0.83

TT 0.22 0.22 0.99

rs4244341

GG 0.67 0.61 0.48

GT 0.30 0.32 0.75

TT 0.02 0.05 0.38

rs11190698

AA 0.72 0.65 0.48

AC 0.22 0.28 0.75

CC 0.05 0.06 0.38

SNP single nucleotide polymorphisms, UPJO ureteropelvic junction
obstruction

PAX2 Polymorphisms and Vesicoureteral Reflux
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Fetal hydronephrosis is the most common anomaly detected on antenatal ultrasound, affecting 1–5% of pregnancies. Postnatal
investigation has the major aim in detecting infants with severe urinary tract obstruction and clinically significant urinary
tract anomalies among the heterogeneous universe of patients. Congenital uropathies are frequent causes of pediatric chronic
kidney disease (CKD). Imaging techniques clearly contribute to this purpose; however, sometimes, these exams are invasive, very
expensive, and not sufficient to precisely define the best approach as well as the prognosis. Recently, biomarkers have become a focus
of clinical research as potentially useful diagnostic tools in pediatric urological diseases. In this regard, recent studies suggest a role
for cytokines and chemokines in the pathophysiology of CAKUT and for the progression to CKD. Some authors proposed that the
evaluation of these inflammatory mediators might help the management of postnatal uropathies and the detection of patients with
high risk to developed chronic kidney disease.Therefore, the aim of this paper is to revise general aspects of cytokines and the link
between cytokines, CAKUT, and CKD by including experimental and clinical evidence.

1. Introduction

Fetal hydronephrosis is the most common anomaly detected
on antenatal ultrasound, affecting 1–5% of pregnancies [1,
2]. Despite their high frequency of occurrence, there is
little consensus on the management of infants with prena-
tal hydronephrosis (PNH) [3]. There have been a number
of studies discussing the significance of fetal renal pelvic
dilatation (RPD) as an indicator of urinary tract anomalies
[4–7]. The degree of PNH varies from mild to severe, and
intuitively, the degree of PNH should correlate with the sever-
ity of the underlying etiology [1, 2, 8]. More specifically, the
risk of ureteropelvic junction obstruction (UPJO) increased
significantly with greater degrees of PNH [9], but the risk
of vesicoureteral reflux (VUR) was not significantly different

among all severity groups. Most studies also have shown
that a single postnatal US is unable to predict the presence
or severity of VUR [6, 10, 11]. Consequently, postnatal
management is heterogeneous, with some centers advocating
detailed investigations including voiding cystourethrography
(VCUG) in all cases and others indicating a less intensive
approach [12–16].Therefore, in spite of advances, the issue of
postnatal diagnostic management of antenatal hydronephro-
sis remains a challenging problem [17, 18].

RPD can be an early sonographic sign of urinary tract
obstruction or as a marker of other abnormalities such as
renal duplication or VUR, which cannot be easily identified
by US during pregnancy. Therefore, the patient is now pre-
senting to the urologist or pediatric nephrologist before the
baby is even born, with a presumptive diagnosis rather than
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Figure 1: Potential mechanisms involved in obstructive uropathies.

proliferation of fibroblasts and inflammatory cells [53, 54].
Tubular cell apoptosis contributes to renal growth impair-
ment [53], whereas proliferation of interstitial fibroblasts with
myofibroblast transformation leads to excess deposition of
the extracellular matrix and renal fibrosis [50]. Phenotypic
transition of resident renal tubular cells, endothelial cells, and
pericytes has also been implicated in this process.

A variety of intrarenal factors lead to progressive inter-
stitial fibrosis, including growth factors and cytokines, such
as angiotensin II, MCP-1, TGF-!, and adhesion molecules,
which are produced by the hydronephrotic kidney [28].
Altered renal expression of growth factors and cytokines
modulate cell death by apoptosis or phenotypic transition
of glomerular, tubular, and vascular cells. Mediators of
cellular injury include hypoxia, ischemia, and reactive oxygen
species, while fibroblasts undergo myofibroblast transfor-
mation with increased deposition of extracellular matrix.
On the other hand, a number of endogenous antifibrotic
counter-regulatory molecules have been identified, opening
the possibility of enhancing the kidney’s own defenses against
progressive fibrosis [28, 55].

Cytokines as TGF-! and TNF-" and chemokines like
CCL2/MCP-1, CCL5/RANTES, macrophage inflammatory
protein-2 (MIP-2), and #-interferon-inducible protein (IP-10)
have been evaluated in experimental hydronephrosis [27, 28,
31, 32].

TGF-! is highly involved in tubulointerstitial fibrosis.
This cytokine increasesmatrix synthesis, collagen deposition,
and tubular apoptosis, upregulates the integrin-matrix adhe-
sion, and inhibits matrix degradation [32, 45, 56]. Resident
renal tubular cells and interstitial cells may be responsi-
ble for TGF-! production; however, interstitial fibroblast

cells seem to be the major source of TGF-! during the
process of interstitial fibrosis [57]. In this regard, Mizuno
et al. [58] found that the increased expression of TGF-!
was correlated to fibrotic changes of interstitial regions in
kidneys of mice subjected to unilateral ureteral obstruction.
Accordingly, Seseke et al. [50] also detected the association
between interstitial fibrosis and increased renal expression
of TGF-! mRNA in an inbred strain of rats with congenital
hydronephrosis. In addition, Zhou et al. [52] reported a
marked elevation of renal TGF-! level in parallel to fibrotic
changes of congenital and surgical ureteral obstruction in
rats. Indeed, TGF-! expression increased significantly after
completing nephrogenesis [47].

The role of TGF-! in obstructive nephropathies was also
evidenced in other animal species. Seremetis andMaizels [56]
have studied rabbit pups submitted to left partial ureteral
constriction and human specimens of renal pelvis and ureter
derived from cases of isolated renal obstruction managed
by pyeloplasty and nephrectomy or of isolated vesicoureteral
reflux managed by ureteral reimplantation. These authors
have detected significantly higher expression of TGF-!
mRNA in obstructed pelvis than in nonobstructed ones.
This elevation in TGF-! mRNA expression was correlated
to muscle hypertrophy and increased collagen deposition,
both representing the process of renal pelvis remodeling in
response to obstruction. The lower level of TGF-! mRNA
expression may be a sign of less remodeling due to a
steady state of obstruction.The expression of TGF-! mRNA
emerges as a good predictor of early obstruction [56].

The molecular pathways for TGF-! receptor-mediated
effects were also evaluated in experimental hydronephrosis
[31]. In this context, Smad 3 is a protein responsible for
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Polimorfismos de genes que participam da embriogênese dos rins 

e do trato urinário (BMP-4, PAX-2 e AGTR2) estão associados a 

diferentes expressões clínicas (OJUP, RVU, RDM) de CAKUT.  

Anomalias renais se associam a CNVs afetando regiões 

codificadoras, incluindo desordens genômicas associadas às 

CNVs (GD-CNV) e a novas deleções. Uropatias obstrutivas tem 

menor CNV e prevalência intermediária de GD-CNV. O RVU 

possui o menor GD-CNV, mas alta prevalência de novos CNVs 

exônicos, particularmente duplicações. O gene TBX6 está 

relacionado a todo espectro de CAKUT. 
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ECA2 e Ang-(1-7) também estão significativamente aumentadas 

na urina de fetos com válvula de uretra posterior. 
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reflection and action. Because CBPR focuses on issues that
are of importance to the community, social inequities that
often create and/or support health disparities and may
serve as barriers to reducing disparities, are often brought
to light during the process.

Results and discussion
For each of these topics, several questions were developed
and posed to the invited experts; their responses are
based on their perspectives and experiences in clinical
and translational research and translational workforce
development.

Research workforce development
Which elements of translational research are the most
relevant for advancing and improving healthcare prac-
tice? Although the concept of translational research may
have different meanings to each of us according to our
own experience, it is important to note that it has a
common goal: to accelerate the transfer of discovery to
health benefit. For some, translational research is a term
to express the integration of basic sciences and clinical
research (“from bench to bedside”); for others, it means
to accelerate the transfer of new knowledge to practice.
Translational research has been defined in many ways,
including fostering the multidirectional and multidiscip-
linary integration of basic research, patient-oriented
research and population–based research; transforming
scientific discoveries arising from laboratory, clinical
or population studies into clinically relevant applications,
and a process for developing evidence-based interven-
tions and implementing them in practice [10]. As shown
in Figure 1, some of the most relevant academic features
needed for effective translational research education are:
communication, community, technology, mentoring and
entrepreneurship, and all have in common the goal of
improving the health of the public.
Therefore, translational research can be advanced

through many pathways leading to a process by which
knowledge can travel at a faster pace to practice, thus
ensuring that discoveries and innovations reach the

patients or populations for whom they are intended.
Taking this in consideration, it’s important to understand:
what are the major benefits of incorporating translational
research with clinical research?
Bringing multiple disciplines and different sectors

with increasing diversity to work together as teams is
expected to:

1. Facilitate a faster transfer of knowledge and scientific
findings into health benefits.

2. Decrease the economic burden of health cost.
3. Eliminate the gap that exists between research and

clinical practice.
4. Facilitate research studies that address the patient

care problems encountered in common clinical
practice.

Thus, we aim for a new health workforce that can
integrate research efficacy with effectiveness. In order to
achieve this aim, what challenges in education have to be
surpassed for an effective integration of translational and
clinical research? Many challenges have been identified,
such as fragmented infrastructure, incompatible databases,
regulatory burden, career disincentives, practice limitations
and lack of funding. There is a strong movement both
in the government and private sector to surpass these
challenges. Academicians are working to respond to these
challenges with the implementation of new paradigms
for effective collaboration and resource sharing [11].
These translational competencies are best achieved in a
multidisciplinary learning and working environment where
leadership, critical thinking and networking skills are
medullar in the education and career development of
this new generation of translational researchers.

Healthcare disparities
Why is it important to study healthcare disparities? Ours
is a society that continues to wrestle with a legacy of
discrimination based on color, educational attainment,
income, gender, ethnicity, and sexual orientation [6].
Facing past and present discrimination poses moral and

Figure 1 Translational research education pathways to eliminate health disparities.
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Incorporating translational research with clinical
research to increase effectiveness in healthcare
for better health
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Abstract

Background: The transfer of new scientific discoveries into healthcare interventions requires that basic and clinical
researchers work together with health care providers to generate team science. These innovative models require
translational teams, and need to extend beyond the academic environment. The future of translational science
requires partnerships with the healthcare community as well as the broader, general community. This new integrated
model of effective translational teams holds promise for addressing thorny and persistent health disparities, is consistent
with the nation’s strategic priority of eliminating health disparities, and bodes well for increasing healthcare effectiveness
aimed at better health for all.

Discussion: As part of the 13th Research Centers in Minority Institutions (RCMI) International Symposium on
Health Disparities, several senior academic leaders joined efforts to hold a workshop to discuss a model that
considers the incorporation of two translational research strategies in research career development programs:
Comparative effectiveness research (CER) and community-based participatory research (CBPR) for increasing
healthcare effectiveness and eliminating healthcare disparities. Discussion included what issues may be most
germane to the concept of a unified model for research workforce development through formal training and
career development leading to increased effectiveness in healthcare for better health.

Summary: We believe that there is a gap in knowledge and skills in formal research career development
programs that will enable physicians, other clinicians, and basic scientists to actively participate in these two
translational research strategies. The purpose of this paper is to share the outcomes of these discussions, and
encourage further discussion and possible innovation in the formulation of a new model for translational
research workforce development.

Keywords: Translational research; Clinical research; Research workforce; Effectiveness; Healthcare disparities;
Comparative effectiveness research; Community-based participatory research

Background
Clinical and translational research is essential to generate
and test interventions to reduce health disparities; how-
ever, health disparities within the United States persist. In
its 2012 report, ‘How Far Have We Come in Reducing
Health Disparities?: Progress since 2000’ [1], the Institute
of Medicine (IOM) noted that health disparities persisted
both across time as well as the lifespan. The IOM also

emphasized the importance of the community’s voice in
reducing health disparities.
Support for translational research has increased as many

academic programs now grant degrees in clinical research
requiring achievement of the new translational competen-
cies defined by National Institutes of Health (NIH) for
post-doctoral master level clinical research programs [2].
Collaboration with communities and healthcare systems
has increased as well as the recruitment of basic and
clinical researchers, healthcare providers, and health
professionals. The bidirectional continuum that defines
translational research from basic or bench science (T1),
transitioning through clinical settings (T2), clinical practice
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