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Introduction 

Erdös 1 recognized that biologically active peptides 
generated by the renin-angiotensin and kallikrein-kinin sys-
tems, e.g., angiotensin II, bradykinin, and kallidin (Lys-bra-
dykinin), are so rapidly metabolized and inactivated that 
their transient effects would never be useful medications, but 
the role of these peptides in certain physiological or patho-
logical conditions could be determined by agents that di-
rectly block their effects or inhibit either their enzymatic 
degradation or production. This concept enabled investiga-
tors to discover captopril and later other angiotensin I con-
verting enzyme (ACE) inhibitors and turn them into clini-
cally useful drugs for treatment of hypertension and related 

cardiovascular diseases. The aim of this presentation is to as-
sess a role of the renin angiotensin system (RAS) and the 
kallikrein kinin system (KKS) in a diabetic renal damage. 

Renin-angiotensin and kallikrein-kinin systems  

With the finding that ACE is identical to kininase II, an 
enzyme that inactivates bradykinin by removing the C-ter-
minal Phe8–Arg9 dipeptide, it has become clear that ACE is 
involved both in the RAS and KKS 2–4. The dual action of 
ACE converts both the inactive decapeptide Ang I to the hy-
pertensive octapeptide Ang II, and inactivates potent hy-
potensive kinins, bradykinin and kallidin, into inactive me-
tabolites (Figure 1). 

 

Fig. 1 – Peptides and peptidases of the kallikrein kinin system (KKS) and a portion of the renin 
angiotensin system (RAS). The enzymes in the KKS are shown in green, while renin is shown in blue; 

angiotensin converting enzyme (ACE), which acts in both systems, is shown in red. 
Credit Journal of Biological Chemistry 4. 
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The RAS is a complex system, including about twenty 
peptides and peptidases, and six receptors 5, 6. This system 
operates at systemic and cellular levels, and it is an important 
volume regulator in vertebrates. Ang II is a potent vasocon-
strictor that contributes to regulation of blood pressure, fluid 
volume, electrolytic balance, and inflammation. Its bioavail-
ability depends on activity of two enzymes: renin, which is 
produced by the renal juxtaglomerular cells and acts on an-
giotensinogen to form Ang I and the ACE. Once formed, the 
inactive Ang I is converted to the active Ang II by ACE. The 
released Ang II then activates two types of Ang II receptors, 
AT1 and AT2. The AT1 receptors induce vasoconstriction, 
including the renal arteries, while AT2 receptors may oppose 
this effect. In addition to the beneficial effects of decreased 
blood pressure, the AT2 receptors are involved in nitric ox-
ide and cyclic guanosine monophosphate (cGMP) produc-
tion, inhibition of apoptosis, and anti-proliferative action 
which is beneficial in reducing tissue damage.  

ACE is unevenly distributed in the vascular tissue 7. 
The lungs have the highest and the kidneys have the lowest 
amount compared to other organs, including the heart. Indi-
viduals with genetically high ACE levels have the higher risk 
for renal and cardiac damage; this is especially true for dia-
betic subjects, due to a greater inactivation of bradykinin 
than Ang II production by this enzyme 8. 

All components of the KKS exist only in mammals; 
thus the system evolved quite late during evolution 9. Hu-
mans have more tissue kallikrein, which mostly originates 
from the kidney, than the circulatory enzyme; in rodents, kal-
likrein originates primarily from the salivary glands. 

Two kallikrein enzymes differ in the molecular weight, 
amino acid sequence and immunogenicity 4. Plasma kallik-
rein, also known as Fletcher factor, releases the nonapeptide 
bradykinin (Arg1-Pro2-Pro3-Gly4-Phe5-Ser6-Pro7-Phe8-
Arg9), while tissue kallikrein (K1) releases Lys-bradykinin 
(kallidin). Kallidin can be converted to bradykinin by amin-
opeptidase (Figure 1). Kallikrein produces kinins by cleaving 
a high molecular weight (110 kDa) kininogen substrate 
(HMWK, also known as Fitzgerald factor or factor XII) as 
well as the low molecular weight (LMWK, 50–68 kDa) kini-
nogen substrate. Both types of kininogen substrates (high 
and low molecular weight) are synthesized in the liver and 
are present in high concentrations in plasma. 

Kinins act through two types of receptors, B1 and B2. 
The activation of B2 receptors increase vasodilation, vascu-
lar permeability and sweating. The B2 receptors also in-
crease intracellular calcium in the smooth muscle and endo-
thelial cells and activate signaling cascades (e.g., the phos-
pholipase A2). The B1 receptors are normally expressed only 
at low levels, but the tissue injury, inflammation, ischemia, 
chronic hyperglycemia, or endotoxin can induce their syn-
thesis. They are also stimulated by ACE inhibitor therapy 10. 
Kinins release nitric oxide, prostacyclin and tissue plasmin 
activator (t-PA) from the endothelial cells. These peptides 
are protectors against oxidative stress and organ damage in 
the heart and kidney. Their increase by the ACE inhibitors 
and vasopeptidase inhibitors is beneficial both in cardiovas-
cular diseases and nephropathy. Icatibant is a specific an-

tagonist of B2 receptors that is used to treat acute attacks of 
hereditary angioedema. The half-life of kinins in the circula-
tion is short, less than 15 seconds 11. However, because of 
their potent effects on various systems, they may be impor-
tant for end-organ protection, particularly in the kidney. Lo-
cally generated kinins could thus help to prevent diabetic re-
nal damage, known as diabetic nephropathy (DN). 

Diabetic nephropathy 

DN is a major cause of the end-stage renal disease. It 
affects approximately one-third of individuals with diabetes 
mellitus and is associated with the great morbidity and mor-
tality 12. Chronic hyperglycemia causes hypertrophy of glo-
meruli, thickening of renal basement membranes, micro-
albuminuria, glomerulosclerosis, tubular and interstitial fi-
brosis and the reduction in glomerular filtration 13. It takes 
about ten years of this diabetic condition for development of 
albuminuria. Hyperglycemia and hypertension accelerate the 
progression to end-stage renal disease. DN may cause 
nephrotic syndrome, especially in the elderly patients. As of 
now, there is no cure for DN available, but it is possible to 
slow its progress. The established DN treatment includes 
strict glycemic control, blood pressure control and RAS 
blockade.  

In diabetes, endothelial ACE increases and local gen-
eration of Ang II rises, but at the same time, the kinin levels 
decreases more rapidly. The diabetic patients with the ge-
netically increased ACE levels have a higher risk for neph-
ropathy and cardiovascular damage, including neuropathy 
and retinopathy. The initial observations suggested that the 
genetically higher ACE levels slightly increase the risk for 
development of myocardial infarction, but in the diabetic pa-
tients the risk is much greater 14. Many studies 15–20 indicate 
that the genetically increased ACE production in diabetes, of 
both type 1 and type 2, poses a risk for nephropathy. 

ACE inhibitors and AT1 receptor blockers (ARBs) are 
used therapeutically to block the RAS to decrease morbidity 
and mortality in the patients with chronic heart failure. The 
use of these drugs delays progression of vascular lesions, 
controls hypertension, diabetic nephropathy, and nondiabetic 
chronic renal disease 21. Correcting the imbalance between 
the RAS and the KKS with ACE inhibitors restores cardio-
vascular homeostasis and helps to reduce the damage by var-
ious cardiovascular diseases 22. Many clinical studies using 
ACE inhibitors and ARBs separately, or in the combination, 
explored the role of the RAS in diabetic nephropathy. The 
RAS is thought to promote nephropathy mainly by releasing 
Ang II to act systemically and at the cellular level. The ef-
fects include: constriction of arteriolar smooth muscle, in-
creased vascular pressure, inflammation, enhanced cell 
growth, migration and apoptosis. 

Various ACE inhibitors and ARBs are used success-
fully in clinical practice. In some conditions ARBs are supe-
rior to ACE. For example, ARBs are more effective in dia-
betic proteinuria than ACE inhibitors, as it was shown in the 
Diabetes Exposed to Telmisartan and Enalapril (DETAIL) 
study. Combined blockade of the RAS by the ACE inhibitor 
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and ARBs is more beneficial in reducing proteinuria, blood 
pressure and vascular morbidity and mortality 22. Many stud-
ies of the RAS blockade in diabetic nephropathy have shown 
a significant improvement, although none completely 
blocked the harmful peptides. From the available information 
provided by these clinical studies, it is clear that ACE in-
hibitors and/or ARBs remain the first line among pharmacol-
ogical treatments in diabetic nephropathy. 

Future therapeutic development 

Due to their dual action, ACE inhibitors obstruct both 
Ang II release and bradykinin inactivation, producing a ben-
eficial effect on diabetic nephropathy independent of their ef-
fects on the blood pressure and Ang II levels. The KKS is 
clearly involved in the pathophysiology of this disease. In 
fact, an increased ACE activity has a greater effect on the 
kinin levels than on the Ang II levels. Many studies were 
done to determine which kinin receptors are involved in the 
renal protection. The studies with the mice lacking either the 
B1 or B2 receptor, or both 23, coupled with the observations 
in the human patients revealed the important role of B1 re-
ceptors 14. In addition, a selective blockade of the B2 re-
ceptors resulted in the increased B1 receptor activation by 
kinins. Thus, it would seem that the kinin B1 receptor ago-
nists might provide an additional armament against diabetic 
nephropathy and end-organ damage in other tissues. By re-
ducing the inactivation of kinins, ACE inhibitors could fur-
ther enhance the therapeutic effects. 

Peptide analogs of kinins resistant to the actions of pep-
tidases already have been synthesized 14, 24, 25 but they are still 

used primarily in research and applied only intravenously, or 
through osmotic mini-pumps. Among the future difficult en-
deavors, there should be a goal to discover the convenient B1 
receptor agonist that could be ideally given orally. 

Another approach would be to induce kallikrein pro-
duction by the genetic modification of stem cells, or pro-
genitor cells with a kallikrein gene designed to enhance their 
viability and proliferative, migratory and functional proper-
ties. Thus, it could be a novel therapeutic target in the treat-
ment of a wide range of cardiovascular, cerebrovascular and 
renal disorders 26. If successful, gene editing would be an 
important treatment for the type 1 diabetes elimination. 

Note 

I devote this article to Ervin G. Erdös (96), my teacher 
and good friend. We have collaborated in research for sev-
eral decades 4. He visited the former Yugoslavia several 
times where he presented seminars (Sarajevo, Tuzla, Som-
bor, and Belgrade) and stimulated local scientists to study 
metabolism and activity of vasoactive peptides.  
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