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Introduction

Hypertension is an important and common complica-

tion after renal transplantation. Post-transplant hyperten-

sion is an independent risk factor for cardiovascular

disease that is the main cause of morbidity and mortal-

ity in renal transplant recipients [1,2]. A significant

correlation was found between blood pressure and the

development of chronic allograft nephropathy the

leading cause of graft loss [3–5]. So patient and graft

survival are adversely affected in hypertensive renal

transplant recipients.

The frequency of hypertension in renal transplant

patients has been reported as high as 50–90% [6]. The

etiology of post-transplant hypertension is not clearly

understood because of its multifactorial nature that

includes pre- and post-transplant conditions. Although

hypertension is a modifiable risk factor, it is poorly con-

trolled in renal transplant patients [6].

The renin–angiotensin system is considered a hormonal

system that regulates blood pressure and fluid balance.

Despite this, locally produced RAS in most tissues and

paracrine and autocrine functions of tissue RAS have been

shown recently [7,8]. Experimental and clinical studies
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Summary

The aim of this study was to evaluate the relationship of local intrarenal renin

angiotensin system (RAS) with hypertension and proteinuria in renal transplant

recipients. Sixty-nine nondiabetic renal transplant recipients (39 male, mean

age: 36.3 ± 11.5 years) were included in this study. All patients were in stable

condition with GFR greater than 30 ml/min/1.73 m2; (MDRD). Hypertension

was defined to be present if there was a recorded diagnosis of hypertension,

systolic blood pressure >130 mmHg and/or diastolic blood pressure

>80 mmHg according to ambulatory blood pressure monitoring. None of the

hypertensive patients were receiving RAS blockers. Spot urine samples were

obtained to measure urinary angiotensinogen (AGT) using human AGT-ELISA,

urinary creatinine and protein levels. The demographic properties and labora-

tory findings were similar between hypertensive and normotensive transplant

recipients. Urinary AGT–creatinine ratio (UAGT/UCre) was significantly higher

in hypertensive patients compared with the normotensives (8.98 ± 6.89 lg/g

vs. 5.48 ± 3.33 lg/g; P = 0.037). Importantly, a significantly positive correla-

tion was found between UAGT/Ucre levels and proteinuria in hypertensive

patients (P = 0.01, r = 0.405). Local intrarenal RAS probably plays an impor-

tant role in the development of hypertension and proteinuria in renal trans-

plant recipients.
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based on the RAS blockage have provided evidence for the

presence of blood pressure-independent renoprotective

effects of the RAS blockers [9–12]. Moreover, angiotensin

II (Ang II) level in renal tissue was found 1000 times greater

than plasma values [13]. These findings suggest that intra-

renal RAS is an independent system and regulated distinct

from circulating RAS. Therefore, assessment of intrarenal

RAS activation is essential to investigate the pathophysio-

logical mechanisms of hypertension and renal diseases.

Recently, urinary AGT, measured with an ELISA, has

been shown to reflect intrarenal RAS status in hyperten-

sives and chronic kidney disease patients [14,15]. Angio-

tensinogen is the only known substrate for renin which is

rate-limiting enzyme of RAS. Plasma AGT is synthesized

by the liver, but it cannot undergo glomerular filtration

because of high molecular weight [16]. Hence, it is sug-

gested that the source of urinary AGT is locally produced

AGT by proximal tubular cells [17,18]. The aim of this

study was to investigate firstly the relationship between

urinary AGT levels, hypertension and daily protein excre-

tion in renal transplant recipients.

Materials and methods

Patients

Sixty-nine adult, nondiabetic renal transplant recipients

(RTRs) (23 cadaveric allograft, 46 living-related allograft,

39 male, 30 female; mean age 36.3±11.5 years) that

transplanted for at least 6 months (mean ± SD: 48.7 ±

57.7 months) were included in the study. Patients were

selected from a total population of 273 patients treated at

our center. All patients were in stable condition with GFR

greater than 30 ml/min/1.73 m2; Patients who were

receiving RAS blockers, who had serum creatinine

>1.5 mg/dl and had daily urinary protein excretion >1 g

were excluded in this study. Using medical records, we

obtained data on patient demographics (age, gender, body

mass index, donor source, dialysis modality, duration of

dialysis before the transplantation and time since trans-

plantation), history of hypertension, number of antihy-

pertensive medications, dosage of immunosuppressive

drugs, serum creatinine, serum albumin, hemoglobin lev-

els and serum lipid profiles. Except one, all patients were

receiving triple immunosuppressive therapy with prednis-

olone (2.5–15 mg/day), calcineurin inhibitors/sirolumus,

and azathioprine (1–3 mg/kg/day)/mycophenolate mofetil

(30 mg/kg/day). Adjusted dose of calcineurin inhibitors/

sirolumus was according to the measurement of blood

levels.

Patients were divided into two groups based on the

presence of hypertension. Hypertension was defined to be

present if there was a recorded diagnosis of hypertension

or systolic blood pressure >130 mmHg and/or diastolic

blood pressure >80 mmHg according to ambulatory

blood pressure monitoring.

The study protocol was approved by the Local Ethical

Committees and written informed consent was obtained

from each subject.

Measurements

Morning spot urine samples were collected from all patients

to measure urinary AGT, urinary creatinine, albumin and

protein levels. Urinary concentration of AGT was measured

with human AGT-ELISA kits (Uscn Life Science Inc.,

Wuhan, China). Urinary creatinine level was measured with

Jaffe’s method. Urinary albumin and protein levels were

quantified with nephelometry (Immage 800; Beckman

Coulter, USA) and automated turbidimetric benzalkonium

chloride method, respectively, in routine practice. Glomer-

ular filtration rate of patients was calculated with 4-variable

MDRD formula [19]. Spot urine protein–creatinine ratio

and albumin–creatinine ratio was used for quantitation of

daily protein and albumin excretion, respectively.

Ambulatory blood pressure monitoring

Twenty-four hour ambulatory blood pressure monitoring

(ABPM) was performed using a spacelab (Redmond, WA,

USA) oscillometric BP device. Blood pressure was mea-

sured every 30 min for 24 h. Measurements were consid-

ered sufficient to include if >85% of the readings were

successful. Mean 24-h, day-time (06:00–22:00) and night-

time (22:00–06:00) BPs were recorded in all patients.

Statistical analysis

The spss program version 16.0 (SPSS Inc., Chicago, IL,

USA) was used for analysis. Results are presented as

means ± SDs. Shapiro–Wilks test was used to evaluate

normality. Hypertensive and normotensive groups were

compared by Student’s t-test for parametric variables and

Mann–Whitney U-tests for nonparametic variables. Chi-

square test was used to assess differences in categorical

variables among groups. To determine relation between

UAGT/Ucre and clinical parameters, Pearson correlation

coefficients and Spearman correlation coefficients were

used for parametric variables and nonparametric vari-

ables, respectively. A P-value of <0.05 was considered sta-

tistically significant.

Results

Thirty-nine (56.5%) of whole population had hyperten-

sion and 24 (61.5%) of hypertensives were receiving anti-

hypertensive medications. The average number of
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antihypertensive drugs per patient was 1.36 ± 0.64. Seven

of hypertensive patients who were on antihypertensives

required combination antiypertensive drugs for control-

ling blood pressure, and the remaining were receiving one

drug. Fifteen (38.5%) of hypertensive patients had new-

defined hypertension according to ABPM. The most pre-

scribed antihypertensive medication was calcium channel

blockers, followed by carvedilol, beta-blockers and alpha-

blockers. Mean blood pressure levels of normotensives

and hypertensives are presented in Table 1.

There were no significant differences in demographic

findings and laboratory parameters between renal trans-

plant patients with and without hypertension (Table 2).

Mean UAGT/Ucre ratio of the total patients was

7.45 ± 5.86 lg/g (1.33–27.0 lg/g). Level of UAGT/Ucre

was significantly higher in hypertensive renal transplant

patients compared with normotensive renal transplant

patients (8.98 ± 6.89 lg/g vs. 5.48 ± 3.33 lg/g; P =

0.037) (Fig. 1). There was no significant difference in

UAGT/Ucre between hypertensive renal transplant

patients who were on antihypertensives and who had

new-defined hypertension (8.22 ± 6.31 lg/g vs.

10.19 ± 7.81 lg/g; P = 0.45). In the evaluation of the

UAGT/Ucre in hypertensive patients according to type of

calcineurin inhibitor, UAGT/Ucre was lower in the tacrol-

imus group than cyclosporine group, but this difference

did not reach statistical significance (6.95 ± 5.37 lg/g vs.

9.14 ± 6.82 lg/g; P = 0.28).

The UAGT/Ucre levels showed no significant correla-

tion with age, gender, serum creatinine, GFR, BMI, sys-

tolic and diastolic blood pressures, dialysis modality,

duration of dialysis before the transplantation and time

since transplantation. A positive correlation was observed

between UAGT/Ucre levels and urinary protein excretion

in hypertensive patients (P = 0.01, r = 0.405), but this is

not found in normotensives (P = 0.35, r = 0.176).

Table 1. Blood pressure levels (mmHg) in hypertensive and normo-

tensive patients.

Hypertensive

group (n = 39)

Normotensive

group (n = 30) P

Office-SBP 124 ± 14 117 ± 14 0.007

Office-DBP 83 ± 9 77 ± 10 0.012

24-h SBP 130 ± 13 119 ± 9 <0.001

24-h DBP 84 ± 8 75 ± 7 <0.001

Daytime SBP 131 ± 13 120 ± 9 <0.001

Daytime DBP 85 ± 8 76 ± 7 <0.001

Night-time SBP 127 ± 15 116 ± 12 0.001

Night-time DBP 80 ± 9 72 ± 9 <0.001

SBP, systolic blood pressure; DBP, diastolic blood pressure.

Table 2. Comparison of the demographic data and laboratory parameters between hypertensive patients and normotensive patients.

Hypertensive group (n = 39) Normotensive group (n = 30) P

Age (years) 36 ± 11 36 ± 12 0.86

Sex (male/female) 23/16 16/14 0.82

Duration of transplantation (months) 44.0 ± 52.6 54.8 ± 64.1 0.23

Type of dialysis (HD/PD/pre-emptive) (%) 30/6/3 23/4/3 0.93

Duration of dialysis (months) 25.8 ± 28.5 42.6 ± 41.2 0.16

Donor source (living-related/cadaveric) 27/12 19/11 0.80

Body mass index (kg/m2) 25.1 ± 4.4 24.2 ± 5.0 0.41

Dose of steroid (mg/day) 6.9 ± 2.8 6.0 ± 3.1 0.16

CNI (cyclosporine/tacrolimus) 25/12 20/9 0.93

Dose of cyclosporine (mg/kg/day) 1.97 ± 0.71 2.52 ± 1.24 0.13

Dose of tacrolimus (mg/kg/day) 0.07 ± 0.04 0.07 ± 0.01 0.66

Serum creatinine (mg/dl) 1.20 ± 0.29 1.13 ± 0.33 0.11

Glomerular filtration rate (ml/min) 65 ± 18 69 ± 18 0.28

Serum albumin (g/dl) 4.6 ± 0.3 4.6 ± 0.4 0.92

Total cholesterol (mg/dl) 195 ± 36 189 ± 31 0.72

HDL-C (mg/dl) 57 ± 14 58 ± 17 0.83

LDL-C (mg/dl) 112 ± 32 101 ± 29 0.62

Triglycerides (mg/dl) 166 ± 77 140 ± 49 0.33

Hemoglobin (g/dl) 13.7 ± 2.2 13.5 ± 2.0 0.81

Proteinuria (lg/mg) 182 ± 120 162 ± 108 0.59

Albuminuria (lg/mg) 46 ± 59 38 ± 60 0.38

Microalbuminuria (%) 43.6 33.3 0.54

Patients on AH medication (n) 24 0 <0.01

HD, hemodialysis; PD, peritoneal dialysis; CNI, calcineurin inhibitor; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein-cho-

lesterol; AH, antihypertensive.
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Discussion

In this study, we demonstrated that: (i) urinary AGT levels

were higher in hypertensive RTRs than in normotensive

RTRs; (ii) urinary AGT levels correlated with daily protein

excretion in hypertensive RTRs, but not in normotensive

RTRs. To our knowledge, this is the first study that evalu-

ated the relation between urinary AGT levels and hyperten-

sion or protein excretion in renal transplant patients.

Previous studies examined the urinary AGT levels as an

index of intrarenal local RAS status in essential hyperten-

sion [14] and renal diseases such as IgAN [20], diabetic

nephropathy [21] and chronic glomerulonephritis [22].

Angiotensinogen is the precursor of angiotensins and

the substrate for renin that is known as the rate-limiting

enzyme of the RAS. The most amount of circulating AGT

is produced by liver. Because of the high molecular

weight of AGT, it cannot be filtered through the glomeru-

lar basement membrane [16]. Urinary AGT comes from

AGT in the kidney that is locally produced and secreted

into the tubular lumens directly by proximal tubular cells

[18]. Further, no correlation has been found between

plasma AGT and urinary AGT levels suggest that the

source of urinary AGT is the locally formed AGT in the

kidney [18]. Angiotensin II is the most important prod-

uct of the RAS. Increased intrarenal AngII activitiy is

associated with the development of hypertension and

renal injury [23–25]. Positive correlation between tubulo-

interstitial Ang II concentrations and systolic blood pres-

sure has been shown in salt sensitive hypertensive rats

[24].

In recent years, it has been demonstrated by clinical

and experimental studies that urinary AGT levels show

the intrarenal Ang II activity. Kobori et al. [18] showed a

positive correlation between urinary AGT and intrarenal

Ang II levels in Ang II-dependent hypertensive rats. In

addition, elevated urinary AGT was associated with a

more intense immunostaining of renal AngII and type I

collagen in patients with CKD [15]. Similarly, urinary

AGT was significantly correlated with intrarenal angioten-

sinogen gene expression and AngII immunoreactivity in

patients with normotensive IgAN [20]. These findings

may suggest that the urinary AGT levels can be used to

evaluate the intrarenal RAS status in hypertensive or renal

patients.

Kobori et al. [14] investigated urinary AGT levels in

hypertensive patients after they found that urinary AGT

was a marker for intrarenal status in Ang II-dependent

hypertensive rats. Elevated urinary AGT levels in 70

hypertensive patients, compared with controls, have

been reported. In addition, they demonstrated that uri-

nary AGT was significantly correlated with SBP and

DBP in hypertensive patients. Despite the finding that

urinary AGT levels were higher in hypertensive RTRs

compared with normotensive RTRs in our study, we

failed to show any correlation between urinary AGT

and SBP or DBP. The difference between nontrans-

planted hypertensives and hypertensive RTRs is proba-

bly related to immunosuppressive treatment. Urinary

AGT levels were not related with age, race, gender,

BMI, eGFR and serum creatinine in both study groups

including nontransplanted hypertensive patients [14]

and RTRs.

One of the most important findings of the present

study was the significant positive correlation between uri-

nary AGT and daily protein excretion in hypertensive

RTRs. Consistent with our findings, urinary AGT was

correlated with proteinuria in nontransplanted hyperten-

sive patients not treated with RAS blockers [14]. The well

known association between the intrarenal RAS activation

and proteinuria has been shown by numerous studies

which have conclusively demonstrated the blood pres-

sure-independent anti-proteinuric effects of the RAS

blockers [11,12]. Locally produced Ang II induces pro-

teinuria via TGF-B dependent glomerulosclerosis and

podocyte injury [26]. In addition, the expression of other

cytokines such as TNFa, VEGF that causes proteinuria in

different mechanisms are also stimulated by Ang II

[27,28]. In an experimental model, it was shown that

incubation of glomeruli with an ARB, irbesartan, reduced

the cytokines in a dose dependent manner [28]. Further-

more, local RAS activation is associated with reduced
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Figure 1 Mean UAGT/Ucre levels in hypertensive and normotensive

renal transplant recipients.
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nephrin expression which is an important mechanism

underlying the development of proteinuria [29]. Despite

the positive correlation between urinary AGT and pro-

teinuria in hypertensive patients, it was suggested that

increased urinary AGT was not as a nonspecific result of

proteinuria [18,22].

In this study, although the difference was not statistically

significant, urinary AGT levels were higher in cyclosporine

treated patients compared with those receiving tacrolimus.

Cyclosporine induced chronic allograft nephropathy is clo-

sely associated with local RAS activation [30]. Shang et al.

[31] performed immunohistochemical staining for renin

and Ang II on renal allograft biopsy specimens from

patients with cyclosporine related chronic nephropathy.

Despite the plasma renin and Ang II levels were not signifi-

cantly increased, markedly positive staining for renin and

Ang II of renal tissues were observed in that study, so it was

suggested that intra-renal local RAS has a central role in the

pathogenesis of cyclosporine induced adverse events on

kidney. In addition, beneficial effects of RAS blockage in

chronic cyclosporine nephrotoxity were shown in an exper-

imental study by Yang et al. [30].

The most important limitation of this observational and

cross-sectional study was the small sample size. Despite this

limitation, a significantly elevated urinary AGT level and a

positive correlation between urinary AGT and daily protein

excretion were demonstrated in hypertensive RTRs. To the

best of our knowledge, this is the first study reporting the

relation of urinary AGT and hypertension in renal trans-

plant patients.

In conclusion, measurement of urinary AGT levels can

help to evaluate intrarenal local RAS activation that may be

one possible mechanism of hypertension in RTRs. Further

prospective controlled studies in larger patient groups are

required to exhibit the role of local RAS activation and its

diagnostic markers in hypertension in RTRs.
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