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Abstract

Purpose of Review—In this review, we summarized the current knowledge of connecting 

tubule-glomerular feedback (CTGF), a novel mechanism of renal microcirculation regulation that 

integrates sodium handling in the connecting tubule (CNT) with kidney hemodynamics.

Recent Findings—Connecting tubule-glomerular feedback is a crosstalk communication 

between the CNT and the afferent arteriole (Af-Art), initiated by sodium chloride through the 

epithelial sodium channel (ENaC). High sodium in the CNT induces Af-Art vasodilation, 

increasing glomerular pressure and the glomerular filtration rate and favoring sodium excretion. 

CTGF antagonized and reset tubuloglomerular feedback and thus increased sodium excretion. 

CTGF is absent in spontaneous hypertensive rats and is overactivated in Dahl salt-sensitive rats. 

CTGF is also modulated by angiotensin II and aldosterone.

Summary—CTGF is a feedback mechanism that integrates sodium handling in the CNT with 

glomerular hemodynamics. Lack of CTGF could promote hypertension, and CTGF overactivation 

may favor glomerular damage and proteinuria. More studies are needed to explore the alterations 

in renal microcirculation and the role of these alterations in the genesis of hypertension and 

glomerular damage in animals and humans.
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Introduction

The kidney is an organ implicated in blood pressure (BP) regulation by controlling sodium 

and water excretion [1, 2]. Renal microcirculation has some unique characteristics that 

differentiate this organ from other tissues. Thus, the afferent arteriole (Af-Art) gives rise to a 

Cesar A. Romero, cromerocba@hotmail.com. 

Conflict of Interest
The authors declare no conflicts of interest relevant to this manuscript.

Human and Animal Rights and Informed Consent This article does not contain any studies with human or animal subjects 
performed by any of the authors.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

HHS Public Access
Author manuscript
Curr Hypertens Rep. Author manuscript; available in PMC 2020 January 18.

Published in final edited form as:
Curr Hypertens Rep. ; 21(1): 8. doi:10.1007/s11906-019-0911-5.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



group of capillaries (glomerulus) that finally converge in other arterioles, the efferent 

arteriole (Ef-Art) [3]. The Ef-Art will finally give rise to a new series of capillaries called 

peritubular capillaries to finish in the venous system. The glomerulus is a special capillary 

bed due to a specialized wall and the relatively high capillary pressure (~ 40 mmHg vs. 10 

mmHg in other capillary beds) [4]. The glomerulus is responsible for ultrafiltrating the 

plasma that ultimately will be transformed into urine along the tubule segments. Positioned 

between two arterioles, the glomerular pressure can be regulated with great precision by the 

resistance of both the Af-Art and the Ef-Art [5]. The Af-Art regulates the flow and pressure 

going into the glomerulus and, for instance, is a key variable in the amount of ultrafiltrate 

generated or the glomerular filtration rate (GFR) [6]. Af-Art resistance is the most efficient 

way to regulate GFR and, consequently, electrolyte and water excretion. Similar to other 

tissues, arteriole resistance is controlled by several mechanisms, some of which are systemic 

(nervous system and hormones), paracrine (autacoids), and local, such as the myogenic 

response [7••]. However, the kidney has at least two extra mechanisms that control Af-Art 

resistance: tubuloglomerular feedback (TGF) and connecting tubule-glomerular feedback 

(CTGF) [8•]. These two feedback mechanisms regulate Af-Art resistance according to the 

amount of sodium inside the tubules [7••]. TGF and CTGF are part of the crosstalk 

mechanism between the tubules and the hemodynamics of the kidney [8•]. The term 

feedback implies that these mechanisms are part of a system where the output signal will 

modify (positive or negative) the input, closing a loop. TGF is a negative feedback that 

occurs when the sodium inside the tubule increases. Thus, TGF activation induces Af-Art 

contraction, decreasing blood flow and pressure into the glomerulus, thereby reducing the 

GFR [8•]. TGF occurs at the macula densa (MD), a region between the loop of Henle and 

the distal convoluted tubule. MD is a specialized region inside the tubule, with taller cells 

specialized in sensing sodium. When a high amount of sodium is detected by MD, ATP/

adenosine is released to the adjacent Af-Art (and the extracellular mesangium) that will 

induce Af-Art contraction by activating the adenosine type 1 receptors [7••]. MD detects 

sodium by the sodium channel NKCC2 and in minor contribution through the NHE type 3 

[9–11]. On the other hand, the CTGF is a positive feedback factor that increases the Af-Art 

diameter (reducing Af-Art resistance) when a high amount of sodium is detected in the 

connecting tubule (CNT) [8•]. Af-Art vasodilation will increase the flow and pressure in the 

glomerulus, thereby increasing the GFR and sodium and water filtration. Thus, CTGF is a 

mechanism that tends to increase sodium excretion, while TGF tends to prevent sodium loss.

These two feedback mechanisms have an anatomical basis in the nephron. Figure 1 shows a 

schematic representation of the contacts between the Af-Art and the tubular segments. The 

tubule segments of a nephron contact their own Af-Art at least two times, once at the MD 

level and then downstream of the distal convoluted tubule, in the CNT, where the tubule 

returns to the Af-Art to attach for short distance. The anatomical relationship between the 

Af-Art and MD is part of the juxtaglomerular apparatus and has been described very well 

elsewhere [7••, 12]. More recently, the relationship between the CNT and the Af-Art [13, 

14] has been described. The physiological significance of this contact is not well understood, 

but it is markedly constant. Af-Arts contact CNTs in 90% of the superficial nephrons and 

decrease in deeper nephrons, reaching 73.3% in the medullary region [13, 14]. Connecting 

tubules are a very important portion of the nephron where the final regulation of the sodium 
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chloride balance is performed [15, 16]. At least two types of cells are present in the CNT: 

the principal cells and the intercalated cells. Principal cells express the epithelial sodium 

channel (ENaC) responsible for sodium reabsorption [16]. Intercalated cells participate in 

acid-base regulation and chloride reabsorption and indirectly modulate sodium reabsorption 

[17]. Both types of cells are important in blood pressure regulation. Liddle syndrome is 

characterized by hypertension and hypokalemia, and a gain of function mutation in ENaC is 

responsible for this phenotype. Recently, it has been shown that the overexpression of the 

Cl/HCO3 exchanger Pendrin in the intercalated cells of rodents also increases blood 

pressure, which is more related to the amount of chloride intake [18, 19]. These findings 

highlight the importance of this region in sodium and water balance regulation. Therefore, it 

is not surprising that a feedback mechanism to regulate renal hemodynamics occurs in 

CNTs.

Under normal conditions, TGF and CTGF are permanently interacting. As we will explain 

later, CTGF modulates TGF. The net results of these two feedbacks are a pattern of 

oscillation in the Af-Art diameter [20•]. This oscillation can be evaluated in the renal blood 

flow, GFR, and the intratubular pressure. The oscillations have two components: a high-

frequency component (~ 30 mHz) and a more slow component detected at < 10 mHz [20•]. 

In animals lacking the A1 adenosine receptor, the high-frequency oscillation disappeared 

[21]. Thus, TGF is the high-frequency component of the oscillation. Recently, it has been 

proposed that the low-frequency component is due to the CTGF mechanism [20•].

Connecting Tubule-Glomerular Feedback Mediators

To explore the role of the attached connecting tubule to Af-Art, we dissected the nephron 

from a rabbit kidney, and using a microperfusion system, we perfused the Af-Art and the 

attached CNT tubule. We found that the preconstricted Af-Art becomes dilated when the 

amount of sodium in the CNT is increased [8•]. This was the first evidence of cross-

communication between the CNT and the Af-Art, which we named connecting tubule-

glomerular feedback. The epithelial sodium channel (ENaC) is the more abundant sodium 

channel in the distal nephron [16]. To investigate the role of the ENaC in initiating CTGF, 

we inhibited the ENaC channel in the CNT during changes in sodium concentration. We 

found that amiloride and the more specific ENaC inhibitor, benzamil, both inhibited the Af-

Art vasodilation induced by sodium. These results indicate that ENaC initiates the CTGF 

[22]. After ENaC activation, both prostaglandin E2 (PGE2) and epoxyeicosatrienoic acids 

(EETs) are released from the epithelial cells of the CNT and induce Af-Art vasodilation. 

PGE2, through the EP4 receptor, induces half of the CTGF effects, while EETs, derived 

from epoxigenase, mediate the remaining effects [23].

In vivo, several modulators can affect CTGF activity. We have shown that angiotensin II 

increases CTGF through the AT1 receptor [24]. Similarly, aldosterone through the GPRC 

receptor increases the CTGF response [25]. Nitric oxide has an inhibitory effect on CTGF, 

possibly due to the inhibition of sodium transport in epithelial cells [8•].
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Connecting Tubule-Glomerular Feedback Modulates TGF

The glomerular pressure is a key determinant of GFR and sodium excretion [5]. Decreasing 

GFR to a critical level may lead to sodium and water retention and hypertension [1, 26]. We 

explained that when the amount of sodium increased in the MD, the GFR decreased because 

of the TGF. In the hypothetical situation of TGF being the only mechanism to regulate 

sodium excretion, each time that homeostasis is challenged with an extra load of sodium, for 

example, highly salted meat, the GFR would decrease, the sodium would not be excreted, 

and the blood pressure would increase. Finally, high BP will induce pressure natriuresis to 

reach the balance equilibrium [1]. However, most mammals do not experience this situation. 

In contrast, when a high-salt diet occurs, TGF resetting has been described [27]. Thus, for 

the same amount of sodium, TGF is less sensitive and permissive to excrete more sodium. 

Although the mechanism behind TGF resetting is not fully understood, there is evidence that 

CTGF participates in TGF resetting. Wistar-Kyoto rats experience an attenuation of the TGF 

response (TGF resetting) when they are fed a high-salt diet [28]. In rats fed a high-salt diet, 

CTGF was increased, and by blocking CTGF with benzamil, TGF was restored. These 

results indicate that at least part of the TGF resetting is due to the CTGF that modulates the 

TGF response. More dramatic TGF resetting is observed in the remnant kidney after 

unilateral nephrectomy (UNx) [29]. When renal parenchyma is reduced, the remnant 

nephron must compensate by increasing the amount of sodium and water excretion. This 

compensation includes an increase in the single nephron GFR and subsequent glomerular 

and tubular hypertrophy. After UNx, TGF is reset, and CTGF is very active [29]. The 

inhibition of CTGF after UNx restored the TGF response. A recent mathematical model 

simulation study showed the importance of CTGF in maintaining the dynamic stability of 

TGF [20•]. These experiments suggest an important role for CTGF in water and sodium 

excretion by modulating the TGF response. Figure 2 shows the proposed interaction 

between TGF and CTGF.

Connecting Tubule-Glomerular Feedback in Hypertension

African-Americans with essential hypertension are frequently salt-sensitive and have 

abnormal renal hemodynamics [30]. The filtration fraction and intraglomerular pressure are 

increased in these individuals during high sodium intake. These alterations in renal 

hemodynamics may be partly responsible for the greater propensity to renal failure in hyper-

tensive African-Americans [31]. In Dahl SS rats, glomerular capillary pressure increases in 

response to high-salt intake, and this effect is accompanied by significant glomerular injury 

compared to SHR with similar blood pressure [32]. Glomerular capillary pressure is 

controlled mainly by Af-Art resistance, which is regulated by the vasoconstrictor TGF and 

the vasodilator CTGF [7••]. Compared to SHR, we showed that Dahl SS rats had lower TGF 

responses in normal and high-salt diets and greater CTGF responses in both diets [28]. We 

also showed that Dahl SS rats have greater TGF resetting, which was at least in part 

mediated by CTGF. Compared with normal Wistar Kyoto rats, CTGF is decreased in SHR 

(almost absent) and enhanced in Dahl SS rats [28].

The exaggerated CTGF in Dahl SS may be a consequence of a high-salt diet, favoring 

sodium excretion. However, it has been shown that in the CNT/CCD of Dahl SS rats, the 
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expression and activity of ENaC is increased [33]. We showed that CTGF in Dahl SS rats is 

exaggerated, even without a high-salt diet, suggesting that this effect could be a consequence 

of the exaggerated ENaC activity [34].

In contrast, CTGF is almost absent in SHR [28]. SHRs present a higher vascular tone, 

especially in the Af-Art, with an exaggerated myogenic response and an exaggerated TGF 

response [7••]. At this point, we do not know if the absence of CTGF in SHR is a 

consequence of a primary alteration in the CTGF pathway or if an unresponsive Af-Art 

(hypertonic) does not dilate, despite CTGF activation.

In conclusion, our studies show that CTGF is a novel mechanism of regulation of Af-Art 

resistance. Its exaggerated response is responsible for more than 50% of the increase in PGC 

in salt-sensitive hypertension, and the absence of CTGF may participate in the pathogenesis 

of hypertension in SHR. Understanding the mechanisms of renal autoregulation may lead to 

both the prevention and better treatment of renal disease and hypertension.

Could CTGF Absence Induce Hypertension?

We stated the role of CTGF in TGF resetting and its potential contribution to salt and water 

excretion. We can speculate about the consequence of CTGF absence or whether CTGF is 

not working properly. According to the TGF-CTGF interaction explained above, the absence 

of CTGF may lead to a disequilibrium in favor of TGF, inducing Af-Art vasoconstriction 

and sodium and water retention. This effect would lead to hypertension, and finally, pressure 

natriuresis will be responsible for the new homeostatic equilibrium. This association, low 

CTGF with a high TGF response, was observed in SHR [28]. We have shown that SHR rats 

have a strong TGF response and that CTGF is almost absent, even in the high-salt diet. In 

these rats, the high (TGF) and low (CTGF) oscillatory patterns of the renal blood flow are 

lost and are replaced by a chaotic fluctuation of the renal blood flow with a net increase in 

renal resistance [35]. These alterations allow us to speculate that the absence of CTGF 

contributes to hypertension; however, more studies, particularly studies to reestablish CTGF 

in this strain, are necessary. SHR has several physiological alterations that can explain the 

hypertensive phenotype, including alterations in smooth muscle signaling in arterioles 

throughout the body; however, the kidney may have a preponderant role in the genesis of 

hypertension because the transplant of normal kidneys in SHR rats ameliorates hypertension 

[36].

Another approach to modify the CTGF-TGF equilibrium may be increasing the sensitivity of 

TGF. Recently, the Liu group increased the sensibility of the TGF response in mice by 

genetically ablating the cilia in the macula densa [37] or directly by knocking out the nitric 

oxide synthase NOS1β gene [38]; as a consequence, in both models, the nitric oxide 

production is reduced, and the TGF response is exaggerated. In both models, the animals 

developed salt-sensitive hypertension, with a difference of more than 10–20 mmHg in the 

mean arterial pressure by telemetry. Another study showed that the overexpression of the 

adenosine type 1 receptor in Af-Art increases the TGF response [27]. In this study, animals 

with an exaggerated TGF response showed a BP increase in the dark period of the day, when 

rodent animals usually eat (salt load), but no differences were found in the average mean 
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blood pressure. Unfortunately, the CTGF was not evaluated in those experiments. 

Preliminary data from our group show that the inhibition of CTGF with benzamil for 3 

weeks after the UNx prevents the compensatory renal blood flow increase and that the mean 

blood pressure increases by ~ 9 mmHg using the tail cuff BP measurement method [39]. 

Despite the limitations of this preliminary study and considering previous evidence, we 

believe that the alteration of the CTGF-TGF equilibrium should be further investigated as a 

potential cause of hypertension to confirm the hypothesis that the CTGF-TGF equilibrium 

may open possibilities for a new therapeutic approach by inhibiting TGF or potentiating 

CTGF mechanisms. Figure 3 explains the proposed hypothetical alteration of CTGF-TGF 

equilibrium. More studies exploring the CTGF inhibition of animals as well as more 

translational investigations are needed to confirm the role of CTGF in blood pressure 

regulation.

Role of CTGF in Proteinuria

CTGF is a key determinant of glomerular pressure by modifying Af-Art resistance. 

Glomerular pressure is one of the main causes of glomerular damage in kidney diseases 

[31]. Proteinuria is an initial marker of glomerular damage and is related to glomerular 

pressure. Thus, most therapeutic approaches to decrease proteinuria and prevent the 

progression of glomerular damage involve reducing the glomerular pressure by decreasing 

systemic BP, particularly by using angiotensin II inhibitors or ang II antagonist [40]. An 

exaggerated CTGF activation that would dilate the Af-Art may favor the transmission of 

systemic BP into the glomerulus and induce glomerular damage and protein-uria. In this 

regard, Dahl SS rats presented greater glomerular damage and proteinuria than SHR rats for 

the same level of pressure [32]. We observed an exaggerated CTGF response in Dahl SS rats 

compared with that in Wistar Kyoto rats fed normal and high-salt diets [28]. We also showed 

that Dahl SS rats have a greater CTGF than SHR rats, which may help to explain the 

exaggerated glomerular damage observed in Dahl SS rats [28].

Obesity is associated with proteinuria and CKD progression in humans and animals [41–43]. 

The precise mechanism is not well understood and includes the activation of the RAS 

system and inflammation. However, glomerular hyperfiltration plays a key role as a main 

cause of renal damage and proteinuria [44]. Obesity is associated with reduced Af-Art 

resistance and increased glomerular flow and pressure [45]; these hemodynamic changes 

result in glomerular hyper-tension, glomerulomegaly, and glomerulosclerosis [43]. Recently, 

we explored the TGF and CTGF mechanisms in Zucker obese rats, an animal model of 

obesity without diabetes. We found that CTGF was elevated in obese animals compared to 

lean animals, while TGF was less responsive in obese rats due to CTGF overactivation [45]. 

This result suggests a role for CTGF in the proteinuria and renal damage associated with 

obesity. More studies are necessary to investigate the nexus between obesity and exaggerated 

CTGF.

Amiloride is a potassium-sparing diuretic that blocks the epithelial sodium channel (ENaC). 

Amiloride was the first drug used to inhibit CTGF [8•]. Recent evidence shows the 

beneficial effect of amiloride on proteinuria in hypertension and renal diseases [46, 47]. The 

mechanism behind these properties is not fully understood. One possible mechanism is 
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associated with the decrease in systemic blood pressure that may protect the glomerulus. 

However, amiloride is not a potent diuretic or BP-lowering drug. In fact, amiloride is used in 

combination with other diuretics to spare potassium losses [48]. Moreover, some animal 

studies show marked glomerular protection and proteinuria reduction independent of BP 

effects [49]. The mechanism behind amiloride protection independent of blood pressure is 

not well understood. One possibility is that amiloride has shown effects on podocyte 

stabilization both in vitro and in vivo by reducing urokinase-type plasminogen activator 

receptor (uPAR) [50, 51]. Amiloride also decrease urokinase-type plasminogen activator by 

a direct effect [52]. Thus, the urokinase-type plasminogen activator converts plasminogen to 

plasmin, and in the tubular fluid, plasmin may proteolytically activate ENaC in the distal 

nephron [53]. Plasminogen and plasmin are massively filtrated across the glomerular barrier 

in proteinuria, and plasminogen can also be activated in the tubular fluid [54]. Recently, 

plasmine-activated ENaC has been proposed as a mechanism of sodium and water retention 

in nephrotic syndrome [54, 55] and as a cause of resistant hypertension [56, 57]. However, 

the amiloride effect observed in proteinuria is dramatic compared with the relative changes 

in urokinase-type plasminogen activator activity [57], suggesting that other concomitant 

effects can occur. Analyzing the data, we observed that amiloride also increased the 

creatinine level (decreasing GFR), probably by decreasing glomerular pressure. Thus, it may 

be possible that the anti-proteinuric effects observed in amiloride-treated patients and 

animals can be a consequence of less activated CTGF due to ENaC inhibition. We can 

speculate that the inhibited CTGF increases Af-Art resistance by decreasing glomerular 

pressure and proteinuria and, in some cases, GFR. Indeed, a serious adverse effect observed 

in these patients, other than hyperkalemia, was acute kidney injury due to a dramatic 

decrease in GFR. Unfortunately, in these clinical trials, the effect of amiloride on renal blood 

flow, renal arterial resistance, or GFR was not systematically evaluated. Figure 4 shows the 

possible effects of amiloride in proteinuria.

All these data indicate a protective effect of amiloride on glomerular proteinuria. CTGF 

inhibition may be an alternative mechanism through which amiloride decreases albuminuria. 

Additionally, CTGF inhibition may explain why a few patients (those whose GFR depends 

on maximal Af-ART dilation) experience an acute drop in the glomerular filtration rate and 

secondary AKI.

Conclusion

The kidney is an important organ in hypertension diseases, both in pathogenesis and as 

target organ damage. Renal microcirculation regulation has a significant consequence in 

water and sodium homeostasis and in protecting renal damage. The alteration of the renal 

microcirculation is present in several animal models of hypertension. CTGF is a recently 

described mechanism that participates in Af-Art vasodilation and sodium excretion. CTGF 

also regulates the TGF response, a mechanism that tends to retain sodium. Thus, the 

interaction between CTGF-TGF may be critical in hypertension. CTGF is exaggerated and 

almost absent in two genetic models of hypertension, highlighting the importance of this 

interaction. Moreover, the overactivity of TGF also induces hypertension in animals. TGF 

and CTGF are modulated by angiotensin II and aldosterone, hormones that participate in the 

pathogenesis of hypertension and renal damage. We conclude that the study of the CTGF-
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TGF interaction may suggest some novel mechanism underlying the “essential” 

hypertension and renal damage and the possibility of new therapeutic approaches.
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Key Points

• CTGF is a vasodilator mechanism that regulates afferent arteriole resistance.

• CTGF is absent in spontaneous hypertensive rats and overactivated in Dahl 

salt-sensitive rats.

• CTGF in excess may promote glomerular damage and proteinuria, while the 

absence may participate in sodium retention and hypertension.
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Fig. 1. 
Interaction between tubules and arterioles in the nephron. The tubule gets contact with 

afferent arteriole (AF-Art) at least in two sites: at the juxtaglomerular apparatus (JGA) 

(dashed line box) where the macula densa (MD) interact with the Af-Art. The JGA is the site 

for the tubule-glomerular feedback (TGF). The second contact between tubules and Af-Art 

occurs at the connecting tubule (CNT); there is the anatomical site of the connecting tubule-

glomerular feedback (CTGF) (dark box). Ef-Art efferent arteriole, DCT distal convoluted 

tubule, CCD cortical collecting ducts
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Fig. 2. 
Schematic representation of tubuloglomerular feedback (TGF) and connecting tubule-

glomerular feedback (CTGF). TGF occurs at the macula densa when sodium chloride is 

detected through the sodium-potassium-two chloride cotransporter (NKCC2) and secondary 

to the sodium proton exchanger (NHE). TGF is mediated by adenosine triphosphate and/or 

adenosine inducing the afferent arteriole (Af-Art) vasoconstriction. CTGF occurs at the 

connecting tubule by the epithelial sodium channel (ENaC) which detects the distal sodium 

load. Prostaglandins E2 (PPGE2) and epoxyeicosatrienoic acids (EETs) are released and 

induce the Af-Art vasodilation. CTGF participates in the TGF resetting, where the sodium 

load must be higher to induce the same vasoconstriction, due to the vasodilation induced by 

CTGF

Romero and Carretero Page 14

Curr Hypertens Rep. Author manuscript; available in PMC 2020 January 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 3. 
Alteration of the TGF-CTGF equilibrium. a Data suggest that if the TGF response is 

exaggerated, the kidney will increase sodium retention by decreasing the glomerular 

filtration (GFR) and activating the renin-angiotensin system. These changes would increase 

the blood pressure (BP) that finally will increase GFR restoring the sodium filtration but a 

new homeostatic BP level. At the same time, the glomerulus will be more protected to 

barotrauma due to the Af-Art vasoconstriction. b Contrarily, an excess of CTGF will allow 

the transmission of systemic BP to the glomerulus, favoring the barotrauma in the presence 

of systemic hypertension. At the same time, the exaggerated CTGF will induce a high GFR 

(hyperfiltration) that will favor sodium excretion, ameliorating the increase in BP. TGF 

tubule glomerular feedback, CTGF connecting tubule-glomerular feedback, Af-Art afferent 

arteriole
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Fig. 4. 
Effects of amiloride in the kidneys. Amiloride is an epithelial sodium channel (ENaC) 

inhibitor, used as a potassium sparing diuretic in the clinic. Amiloride, by inhibiting ENaC, 

decrease sodium retention and connecting tubule-glomerular feedback (CTGF). Despite the 

direct ENaC effects, amiloride inhibits the urokinase-type plasminogen activator (uPA) and 

its receptor uPAR. uPA converts plasminogen in plasmin, a serine protease that can cleave 

the gamma sub-unit of ENaC increasing the ENaC activity. uPA can act directly or by 

attaching to the uPAR that will allow a more physically limited activity of uPA. uPAR also 

have effects independent of uPA, such as podocyte activation and inflammation. Amiloride 

also is an uPAR blocker
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