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   Abstract:   There is a consensus in the scientific literature 

that supports the importance of the kallikrein kinin and 

renin angiotensin systems in renal physiology, but few 

studies have investigated their importance after renal 

transplantation. The aim of this study was to investi-

gate the clinical effects of the insertion/deletion poly-

morphism in the angiotensin I-converting enzyme (ACE) 

gene and the  + 9/-9 polymorphism in the kinin B2 recep-

tor (B2R) gene in kidney-transplanted patients (n  =  215 

ACE, n  =  203 B2R) compared with 443 healthy indivi-

duals. Demographic results showed that there is a higher 

frequency of the D allele (high plasma ACE activity) and 

 + 9 allele (lower B2R expression) in transplant patients 

compared with control individuals. We also observed a 

higher frequency of these alleles in patients who had an 

elevated level of plasma creatinine. At day 7 post-trans-

plantation, we found a higher prevalence of individuals 

with the DD genotype with elevated plasma creatinine 

level. Furthermore, individuals with the DD genotype 

had a higher chronic allograft dysfunction and graft loss 

compared with the II patient genotype, which showed no 

loss of graft. Taken together, our data suggest that the 

DD genotype is an indicator of an unfavorable prognosis 

following renal transplantation and could be related to 

kinin modulation.  
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  Introduction 
 In the mid-1930s, a group of substances essential for 

proper human physiology was first identified that is now 

referred to as the kallikrein-kinin system (KKS) (Regoli and 

Barabe , 1980 ). Eighty years later, our understanding of the 

KKS is still growing. Currently, it is known that the biologi-

cal actions of the KKS are promoted by kinins, which are 

generated from the cleavage of kininogen by kallikrein 

(Kayashima et al. , 2012 ). It is also widely accepted that 

bradykinin (BK) is the central component of the KKS, and 

the effects of BK are mediated by binding to the BDKRB2 

receptor (B2R) (Kakoki and Smithies , 2009 ). The expres-

sion of B2R is regulated by a common repeat sequence vari-

ation of 9 bp ( + 9/-9 alleles) in exon 1 of the B2R gene (Braun 

et al. , 1996 ). More specifically, the  + 9 allele is associated 

with a lower expression level of B2R (Fischer et al. , 2004 ). 

 The main factor influencing the interaction between 

BK and B2R is angiotensin I-converting enzyme (ACE). 

Kinins appear to be better ACE substrates than angioten-

sin I (Jaspard et al. , 1993 ). The expression of ACE and its 

activity are determined by an insertion (I)/deletion (D) 
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polymorphism of a 287-bp  Alu  repeat sequence in intron 16 

of the ACE gene (Martinez -Rios et al., 2008 ). More specifi-

cally, individuals with the DD genotype tend to have ele-

vated ACE plasma activity, and individuals with the II gen-

otype often have lower activity (Rigat et al. , 1990 ; Danser 

and Schunkert , 2000 ). Furthermore, a study investigating 

the interaction between ACE and kinins has shown that the 

ACE I/D polymorphism does not change the angiotensin II 

plasma level but that the presence of the D allele increases 

BK degradation (Bryant and Shariat -Madar, 2009 ). Previ-

ously, we demonstrated that subjects with the DD genotype 

have a higher level of plasma kallikrein activity (Almeida 

et al. , 2010 ), which increases the complexity of this system. 

 The importance of the interaction between the ACE 

and kinins in maintaining the proper physiological state 

and preventing pathological conditions [e.g., hyperten-

sion, type 2 diabetes, cardiovascular disease, cancers 

and chronic kidney disease (CKD)], which is primar-

ily mediated through the integration of ACE in the two 

systems, has been investigated in several studies (Gard 

 2010 ; Putnam et al. , 2012 ; Vejakama et al. , 2012 ; Vinson 

et al. , 2012 ). In the case of CKD, studies have focused 

on the mechanisms underlying the dysregulation of the 

renin – angiotensin system (RAS) (Chawla et al. , 2010 ; 

Adarkwah et al. , 2011 ; Mooyaart et al. , 2011 ; Almeida 

et al. , 2012 ), the KKS (Buleon et al. , 2007 ; Riad et al. , 

2007 ; Tang et al. , 2011 ) or both systems (Buleon et al. , 

2008 ; Maric  2008 ) in animal models of diabetic nephrop-

athy. The effects of ACE inhibitors on CKD have also been 

investigated in clinical studies (Nakayama et al. , 2009 ; 

Burrell et al. , 2012 ; Santos et al. , 2012 ; Su et al. , 2012 ; 

Turner et al. , 2012 ). 

 The importance of the RAS and KKS in the progno-

sis of kidney allograft rejection is poorly understood 

and deserves further investigation because the RAS is 

important in the regulation of systemic blood flow, arte-

rial blood pressure, renal hemodynamics and proteinu-

ria after renal transplantation. Thus, our study aimed to 

identify the effects of ACE I/D and/or B2R  + 9/-9 polymor-

phisms on clinical and graft outcomes in a cohort of renal 

transplant patients.  

  Results 

  Demographic data 

 First, we investigated whether there was an association 

between the polymorphisms and the demographic char-

acteristics of the patients, as shown in Table  1  . 

 Table 1    Demographic data.  

Group ACE B2R

Genotype II ID DD  + 9/ + 9  + 9/-9 -9/-9

Controls 89 211 141 72 167 99

Transplanted 35 92 88 60 100 43

Transplanted data

   Sex male/ female ( % ) 63/37 57/43 57/43 61/39 58/42 67/33

   Mean age (years) 39  ±  12 41  ±  12 39  ±  12 39  ±  12 39  ±  12 39  ±  12

   Primary disease  –  –  –  –  –  – 

   Chronic glomerulonephritis ( % ) 28 30 31 32 23 51

   Diabetes ( % ) 6 9 8 10 10 5

   Hypertensive ( % ) 6 13 10 13 8 9

   Unknown ( % ) 37 32 39 33 41 21

   Others ( % ) 23 16 12 12 18 14

Creatinine:

   7 days 1.6  ±  0.6 2.1  ±  1.5 2.3  ±  1.4 2.3  ±  1.4 2.2  ±  1.7 2.2  ±  1.4

   1 month 1.4  ±  0.3 1.5  ±  0.5 1.7  ±  0.6 1.7  ±  0.5 1.5  ±  0.5 1.5  ±  0.5

   6 months 1.4  ±  0.3 1.4  ±  0.4 1.6  ±  0.4 1.5  ±  0.4 1.5  ±  0.4 1.5  ±  0.5

   1 Year 1.4  ±  0.3 1.4  ±  0.4 1.6  ±  0.5 1.6  ±  0.6 1.4  ±  0.3 1.6  ±  0.6

Acute rejection ( % ) 15 26 59 32 44 24

Chronic rejection ( % ) 13 30 57 42 32 26

Graft loss ( % ) 0 25 75 33.33 33.33 33.33

Death ( % ) 18 64 18 37 36 27

   The lines of control and transplanted group refers to the total number of sample; creatinine (mean, mg/dl). ACE, angiotensin I-converting 

enzyme; B2R, B2 receptor.   
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 The distribution of the ACE I/D polymorphism alleles 

varied between the kidney transplant patients and con-

trols. Specifically, a lower I allele frequency and a higher 

D allele frequency were observed in transplant individuals 

(I allele: 38 % ; D allele: 62 % ) compared with controls. For 

the B2R  + 9/-9 polymorphism, the transplant patients had 

a higher frequency of the  + 9 allele and a lower frequency 

of the -9 allele ( + 9 allele: 55 % ; -9 allele: 45 % ) compared 

with the controls (Figure  1  ).  

  Renal parameters 

 We observed an association between the high level of 

serum creatinine and the frequency of the ACE D allele 

on day 7 post-transplantation (Figure  2A  ). Higher levels 

of serum creatinine were associated with a greater preva-

lence of the D allele in renal transplant recipients. It is 

widely accepted that a serum creatinine level   >  1.5 is 

above the normal standard, a level   >  3.0 is an indicator 

of acute kidney disease and a level   >  5.0 is an indicator 

of CKD (Mehta et al. , 2007 ). These same associations 

between higher serum creatinine levels and kidney func-

tion were also observed for the data collected at 1 month, 

6 months and 1 year post-transplantation (Table  2 ). The 

mean serum creatinine for the DD genotype remained 

above normal levels even 1 year post-transplantation  

(Figure  2C  ). 

 For the B2R  + 9/-9 polymorphism to the serum creati-

nine, we observed statistical differences at all points in 

the allele s  and at two points in the genotype (which we 

previously mentioned is associated with a lower expres-

sion of the receptor) compared with the controls (Table  3  ). 

However, we found no association between this polymor-

phism and the high mean serum creatinine level (Figure 

2D).  

  Allograft dysfunction and graft survival 

 The main finding of this study is that survival is sig-

nificantly reduced for individuals with the DD geno-

type who develop chronic allograft dysfunction (CAD) 

compared with individuals with the II and ID genotypes 

(Figure 3A). We also found an association between 

the DD genotype and an increased renal graft loss in 

patients (Figure 3C). 

 Acute rejection was also measured using multiple 

linear regressions, and we found that patients with the 

DD genotype were at a two-fold greater risk for acute graft 

rejection compared with patients with the II and ID geno-

types (data not shown). 

 The graft survival analysis of the transplant group 

revealed that the median number of graft survival days 

of patients who developed CAD support our findings on 

the polymorphism of the ACE gene. The number of days of 

graft survival as follows:

 –    II genotype  –  6744 days;  

 –   ID genotype  –  4473 days; and  

 –   DD genotype  –  3131 days.    
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 Figure 1    Frequency of genotypes and alleles of the polymorphisms of the ACE and B2R between the transplant and control groups 

( χ  2 -test).    
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 Figure 2    Allele frequency ( % ) of the ACE (A) and B2R (B) polymorphisms at different levels of creatinine 7 days after renal transplantation. 

Mean serum creatinine in four different periods in relation to ACE (C) and B2R (D) genotypes compared with the control group distribution. 

Analyses by χ2 (A, B) and analysis of variance tests (C, D).    

 Table 2    Statistical  χ  2 -test analysis between the alleles and genotype compared to the control group in different periods and at different 

serum creatinine levels.  

Date Creatinine II ID DD  p- Value Allele I Allele D  p- Value

Control 89 211 141 389 493  – 

Transplanted 35 92 88 162 268  – 

7 days   <  1.5 16 40 27 0.929 72 94 0.929

7 days   >  1.5 16 53 62 0.003a 85 177 0.001a

7 days   >  3.0 3 22 23 0.02b 28 69 0.006a

7 days   >  5.0 0 11 12 0.025b 11 35 0.011b

1 Month   <  1.5 18 45 43 0.139 81 131 0.139

1 Month   >  1.5 13 39 50 0.004a 65 139 0.004a

6 Months   <  1.5 17 47 40 0.203 81 127 0.203

6 Months   >  1.5 13 26 45 0.001a 52 116 0.002a

1 Year   <  1.5 17 44 33 0.565 78 110 0.565

1 Year   >  1.5 11 30 42 0.005a 52 114 0.003a

   The lines of the control and transplanted groups refer to the total number of samples. a p   <  0.01, b p   <  0.05. Creatinine (mg/dl), normal 

values   <  1.5; high levels: 1.5 – 3.0; acute renal failure: 3.0 – 5.0; chronic renal failure:   >  5.0 (Mehta et al. , 2007 ).   

 There appears to be an association between the DD 

geno type and a shorter graft survival time for patients 

with CAD. For the B2R polymorphism, the median graft 

survival time for patients who developed CAD between 

the genotypes  + 9/ + 9 and -9/-9 was different, but this 

diffe r ence was not significant. The graft survival times 

are as follows:

 –     + 9/ + 9 genotypes  –  3941 days;  

 –    + 9/-9 genotype  –  3681 days; and  

 –   -9/-9 genotype  –  6481 days.    
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 Although there is no statistical difference, the average 

length of graft survival and the severity of CAD for 

patients with the II genotype appears to be differ-

ent compared with patients with the other two ACE 

genotypes. This observation supports the suggestion 

that this genotype offers protection against CKD, as 

shown by the cross-sectional study, and that this geno-

type is associated with a better prognosis post-renal 

transplantation. 

 In the mean graft survival analysis, ACE polymor-

phism did not appear to affect the post-transplant results 

in patients with the II genotype. The mean graft survival 

for patients with the

 –  ID genotype  –  5750 days; and

 –  DD genotype  –  6103 days. 

These results are significantly different. For the B2R poly-

morphism, we found mean graft survivals of

A B

DC

p=0.005 p=0.708+9 -9

+9 +9

-9 -9

p=0.736

+9 -9
+9 +9

-9 -9

p=0.037

Su
rv

iv
al

Su
rv

iv
al

1.0

0.8

0.6

0.4

0.2

0
0              2000         4000           6000           8000        10 000

DD

ID

II

0              2000         4000           6000           8000        10 000

II
ID

DD

Time (days)
0              2000         4000           6000           8000        10 000

Time (days)

1.0

0.8

0.6

0.4

0.2

0

1.0

0.8

0.6

0.4

0.2

0

0              2000         4000           6000           8000        10 000

1.0

0.8

0.6

0.4

0.2

0

 Figure 3    Analysis for (A, B) CAD events and (C, D) graft survival in relation to (A, C) ACE and (B, D) B2R genotype. 

 Survival analysis determined using Kaplan-Meier.    

 Table 3    Statistical  χ  2 -test analysis of the alleles and genotype of transplant patients compared to the control group at different points in 

time and the levels of serum creatinine.  

Data Creatinine  + 9/ + 9  + 9/-9 -9/-9  p- Value Allele  + 9 Allele -9  p- Value

Control 72 167 99 311 365

Transplanted 60 100 43 220 186

7 days   <  1.5 18 41 13 0.151 77 67 0.124

7 days   >  1.5 38 55 26 0.047a 131 107 0.020a

7 days   >  3.0 14 21 9 0.222 49 39 0.110

7 days   >  5.0 6 10 3 0.348 22 16 0.207

1 Month   <  1.5 21 57 19 0.142 99 95 0.248

1 Month   >  1.5 32 40 22 0.037a 104 84 0.029a

6 Month   <  1.5 22 53 19 0.215 97 91 0.202

6 Month   >  1.5 25 35 17 0.095 85 69 0.049a

1 Year   <  1.5 21 46 18 0.321 88 82 0.208

1 Year   >  1.5 23 38 15 0.120 84 68 0.048a

   The lines of control and transplanted group refer to the total number of sample. a p   <  0.05, creatinine (mg/dl), normal values   <  1.5; high 

levels: 1.5 – 3.0; acute renal failure: 3.0 – 5.0; chronic renal failure:   <  5.0 (Mehta et al. , 2007 ).   
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 – +9/+9 genotype  –  5715 days; 

 – +9/-9 genotype  –  6626 days; and 

 –  -9/-9 genotype  –  7812 days.

Despite there not being significant differences between 

the genotypes, these results suggest a clinical relevance.   

  Discussion 
 The main finding of the present study is that the DD genotype 

of the ACE polymorphism is associated with reduced graft 

survival and increased graft loss after kidney transplanta-

tion. These results are in accor dance with observations 

made by Siekierka -Harreis et al. (2009) . Also, results are very 

important when we analyze both polymorphisms and they 

suggest that the majority of transplant patients have higher 

ACE activity and lower B2R expression, highlighting the role 

of bradykinin in kidney transplantation. These observations 

are consistent with the finding that individuals homozygous 

for the D allele are at a greater risk for developing certain 

pathological disorders (Nicod et al. , 2002 ; Akcay et al. , 

2004 ; Sabatini et al. , 2008 ). Lower B2R expression, however, 

could also be involved in other pathologies (Van Guilder 

et al. , 2008 ; Alhenc -Gelas et al., 2011 ; Alvim Rde et al. , 2012 ). 

 The potentially deleterious effects of ACE I/D polymor-

phism have been investigated in non-transplant patients, 

where the DD genotype was associated with lower renal 

function, increased rates of graft rejection and longer 

hospitalization (Siekierka -Harreis et al., 2009 ). Our data 

support these previous findings. We also demonstrate that 

high creatinine levels and the B2R polymorphism may 

influence the prognosis of allograft survival. 

 CAD is one of the main causes of graft loss. Our results 

indicate that patients with the DD genotype develop this 

condition more quickly compared with patients with the 

other two ACE genotypes. It is important to mention that no 

patient with the II genotype developed CAD in this study. 

Despite the significant role the B2R  + 9/-9 polymorphism 

plays in creatinine levels, we found no significant differ-

ence in the allograft survival curve for this polymorphism. 

 The higher frequency of CAD in patients with the 

DD genotype was also associated with a gradual reduc-

tion in graft function, as demonstrated by higher serum 

levels and the median value of creatinine in DD carriers. 

Huang et al. (2003) also reported an association between 

RAS, especially high ACE activity, and an increased serum 

creatinine level. A statement from the Brazilian Society of 

Organ Transplant reports that by day 7 post-transplanta-

tion, patients have generally already been released from 

the hospital or will be released from hospital, and that 

creatinine level is used to support the decision to release 

the transplanted patient. Thus, the influence of the ACE 

and B2R genotypes on creatinine level could result in 

additional hospital costs. Furthermore, the higher serum 

creatinine in patients with the DD genotype during this 

period suggests that post-transplant recovery is also influ-

enced by the ACE polymorphism, as was previously sug-

gested by Huang et al. (2003). 

 Further emphasizing the importance of our data is the 

finding that the same associations between high levels of 

serum creatinine and the alleles investigated were found 

throughout the period of data analysis. These findings are 

especially significant for the DD genotype in which the cre-

atinine level remained higher during the entire 1-year period. 

 Interestingly, loss of function was also higher in 

patients with reduced expression of B2R, i.e., the  + 9 allele 

carriers. The detrimental increase in BK degradation 

(resulting from the D allele) associated with the lower B2R 

expression could be explained by the well-known reno-

protective role of BK. The association between the B2R 

 + 9/-9 genotype and graft function in transplant patients 

compared with controls was also observed at all other 

time points (i.e., 1 month, 6 months and 1 year after trans-

plant) evaluated in this study. 

 In the context of clinical practice, our findings support 

the increased prescription of ACE inhibitors to patients 

with CKD, and the genotyping of ACE and B2R polymor-

phisms as they can have a clinical impact. This trend in 

prescribing ACE inhibitors began shortly after the first 

studies investigating the treatment of diabetic nephropa-

thy (Lewis et al. , 1993 ), proteinuria (Klahr et al. , 1994 ) and 

renal failure (Maschio et al. , 1996 ), and has continued to 

the present day (Francois et al. , 2011 ; Lee et al. , 2011 ). 

 In conclusion, our data suggest that the higher acti-

vity of ACE in patients with the DD genotype is detrimental 

to graft survival and function in renal transplant patients, 

and a higher expression of B2R is protective in terms of 

graft function and preservation. It may be that ACE inhibi-

tor/angiotensin II receptor blocker prescription is bene-

ficial among multiple medications for reducing mortality 

in kidney transplant recipients, but its use is not associ-

ated with longer graft survival as shown in this study.  

  Materials and methods 

  Samples 

 Between January 2010 and December 2011, 265 DNA 

samples from consecutive kidney transplant patients (113 
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females and 152 males of varying age) were obtained for 

this study (all the subjects were selected in accor dance 

with the criteria for donation issued by the Brazilian Minis-

try of Health, ordinance number 1353, and from the Kidney 

Transplant and Hypertension Unit, Federal University of 

Sao Paulo, Brazil). The control group consisted of 443 ACE 

and 338 B2R healthy blood donors (including both genders 

ranging between 16 and 68 years of age) that reported 

to the Blood Center of the Hospital Sao Paulo (Federal 

University of Sao Paulo). The Ethics Committee of the 

Universidade Federal de S ã o Paulo Hospital at UNIFESP 

approved all of the procedures (number 0353/04).  

  Genetic polymorphism 

 ACE I/D polymorphism was determined according to the 

methods described by Almeida et al.  (2010) , and B2R 

 + 9 /-9 kinin polymorphism was determined according to 

the methods described by Fischer et al.  (2004) .  

  Clinical parameters 

 All of the clinical parameters investigated in this study 

were collected directly from the medical records of each 

patient after renal transplantation. Only patients that had 

at least 1 year of follow-up appointments were included. 

 The parameters investigated included the follow-

ing: demographic data, serum creatinine levels at 7 

days, 1 month, 6 months and 1 year post-transplantation, 

episodes of graft rejection, diagnosis of CAD, interstitial 

fibrosis and tubular atrophy (referred to as chronic allo-

graft nephropathy at the 8th Banff conference), graft loss 

and death, and CKD. 

 For renal graft loss analysis, patients whose renal 

function was lost due to technical problems with the graft 

or death were excluded.  

  Analysis of variables and statistical analysis 

 To verify any deviation from normal in our population, 

we used the Hardy-Weinberg equilibrium. To compare 

the demographic categorical covariates between groups, 

we used the  χ  2 -test or Fisher ’ s exact test when appro-

priate. Serum creatinine level was analyzed at 7 days, 1 

month, 6 months and 1 year post-transplantation using 

the  χ  2 -test or Fisher ’ s exact test according to the geno-

types or alleles for the polymorphism. Acute rejection 

was also measured using multiple linear regressions 

and graft survivals were calculated using the Kaplan-

Meier analysis. The log rank test was used to investi-

gate the significant differences between survival curves. 

Differences were considered significant when the 

 p -value was   <  0.05. All analyses were performed using 

the SPSS 18.0 statistical software.        
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