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The role of Renin angiotensin aldosterone system in women with breast 
cancer before and after treatment
Hajir Ali Hussein1, Firas Shawqi Algburi2*

Abstract: Cancer is an abnormal proliferation of cells in a tissue or organ that causes the cells to change their nature, 
eventually producing a lump or mass and spreading to other body regions in most cases. This study aims to evaluate the 
serum level of ACE, plasmin, renin, kallikrein, and bradykinin in breast cancer patients and determine their relationship 
to the proliferation of breast cancer. This study has investigated 90 women (75 patients and 15 controls) aged between 
(35-76) years. The patients were referred to three main facilities, Kirkuk Oncology Center, consultation of early detection 
of breast tumors in Azadi Teaching Hospital, and Kirkuk General Hospital from November 2021 to March 2022. The 
individuals of this study were divided into six groups: The first group was newly diagnosed patients with malignancy breast 
tumor n (15); the diagnosis was made by the consult of medical staff, which was based on a triple assessment technique 
(physical breast examination, ultrasonography, with or without mammography and fine-needle aspiration cytology). The 
second group was patients of surgical interference n (15), who submitted to local surgical removal of the suspected tumor 
in the breast (lumpectomy) or complete removal of the breast (mastectomy). The third group was who received the first 
chemotherapy dose n (15). The fourth group was those who received the second chemotherapy dose n (15). The fifth 
group was those who received the third chemotherapy dose n (15). The sixth group was healthy women with an adverse 
family history of breast cancer. They were included in this study as a control group, and their ages were comparable to 
that of the women with breast cancer. This study shows the mean of Angiotensin-converting enzyme (ACE) was observed 
in breast cancer women (1.16±0.36U/L) as compared with the healthy control group (0.75±0.15U/L). The difference was 
highly significant at a P. value of 0.0004. The mean and standard deviation of angiotensin-converting enzyme, plasmin, 
renin, bradykinin, and kallikrein in women with breast cancer (before treatment, before mastectomy, after one dose, after 
2 doses, and after doses) in comparison with healthy women. It was concluded that the levels of ACE, Plasmin, Kallikrein, 
and Bradykinin were significantly elevated in breast cancer women compared with healthy women, while decreased renin 
level compared with healthy control.
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Introduction
Cancer is an abnormal growth of cells in tissue or organ 

that cause the cells to change in nature, eventually forming 
a lump or mass in most type and then spreading to various 
parts of the body1. Breast cancer is the most common can-
cer in women worldwide, regardless of whether they live in 
developing or developed countries. It is still the second lea-
ding cause of cancer-related death in women2. In Iraq, the 
Iraqi Ministry of Health registered 63,923 Iraqi patients with 
various types of newly diagnosed cancer from all Iraqi pro-
vinces except three Northern provinces. Of these patients, 
37,652 (49.5 percent) were females, and breast cancer alo-
ne accounted for 31 percent of all new cancer cases among 
females, according to the Ministry of Health3.In recent years, 
the renin-angiotensin-aldosterone system (RAAS) has be-
come a highly sought-after research topic due to the disco-
very of a link between the system and the development of 
several different types of cancer4. RAS components can be 
present in both normal and malignant breast tissue, indica-
ting that the RAS is involved in breast cancer development5. 
Cell growth, proliferation, differentiation, migration, and 
apoptosis, as well as ECM remodeling and inflammation, 

are all regulated by the RAS6. The reduced intravascular vo-
lume impairs renal blood flow and activates systemic RAS 
through a complex cascade, in which angiotensin I converts 
to angiotensin II by the angiotensin-converting enzyme(A-
CE)7. Ang II increases blood pressure, stimulates water in-
take, and increases sodium retention in kidney tubules to 
restore blood volume8. The purpose of this study is to eva-
luate the serum level of ACE, plasmin, renin, kallikrein, and 
bradykinin in breast cancer patients and to determine their 
relationship to the proliferation of breast cancer.

Materials and methods 
This study has investigated 90 women (75 patients 

and 15 controls) aged between (35-76) years. The patients 
were referred to three main facilities, Kirkuk Oncology Cen-
ter, consultation of early detection of breast tumors in Azady 
hospital, and Kirkuk General Hospital from November 2021 
to March 2022. The individuals of this study were divided 
into six groups: The first group was newly diagnosed pa-
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tients with malignancy breast tumor n (15); the diagnosis 
was made by the consult of medical staff, which was based 
on a triple assessment technique (physical breast exami-
nation, ultrasonography, with or without mammography and 
fine-needle aspiration cytology). The second group was pa-
tients of surgical interference n (15), who submitted to local 
surgical removal of the suspected tumor in the breast (lum-
pectomy) or complete removal of the breast (mastectomy). 
The third group was who received the first chemotherapy 
dose n (15). The fourth group was those who received the 
second chemotherapy dose n (15). The fifth group recei-
ved the third chemotherapy dose n (15).   Clinical history 
data, information on age, weight, height, marital status, 
menopausal status, family history of breast cancer, chronic 
disease, and course of treatment were collected in a short 
questionnaire form (Appendix I). The sixth group was heal-
thy female volunteers with no prior history of breast cancer 
n (15). About 5 ml of venous blood was collected from each 
case using a sterile disposable syringe, then unloaded into 
gel tubes and allowed to clot at room temperature for 20 
minutes. All samples were centrifuged at 3000 rpm for 15 
minutes; sera removed and divided into three Eppendorf 
tubes, 500 µl for each sample, then stored at - 30 C until 
used to the time of biochemical assay, which included para-
meters: ACE, Plasmin, renin, kallikrein, and Bradykinin. The 
kit was an enzyme-linked immunosorbent assay (ELISA) for 
all parameters, which worked manually and then measu-
red by the Mindry device. The work included measuring the 
weight and height of each woman in this study, and BMI 
was calculated using the following formula: weight in kilo-
grams divided by height in squared meters (Atoum, 2020). 
It quantified obesity by the BMI classification of WHO and 
the International Obesity Task Force.

Results
Table 1 explains the mean and standard deviation of 

angiotensin-converting enzyme, plasmin, renin, kallikrein, 
and bradykinin among 75 breast cancer women and 15 
controls.

Table 2 explains the mean and standard deviation of 
angiotensin-converting enzyme and plasmin in women with 
breast cancer (before treatment, before mastectomy, after 
one dose, after 2 doses, and after three doses) compared 
to healthy women.

The same letters mean no differences between them at 
p.value 0.05, (Mean±SD)

Table 3 explains the mean and standard deviation of 
ACE, renin, plasmin, kallikrein, and bradykinin among 75 
breast cancer women; 27 had hypertension,9 were diabetes 
type II, and 38 had no other diseases.

Discussion
The mean of Angiotensin-converting enzyme (ACE) 

was observed in breast cancer women (1.16±0.36U/L) as 
compared with the healthy control group (0.75±0.15U/L). 
The difference was highly significant at a P. value of 0.0004. 
The result has shown elevated serum ACE in breast cancer 
women compared with the control group, and this result, 
in agreement with Lubrano et al., which showed a higher 
level of ACE in women with metastatic breast cancer, sug-
gested that this occurred based on the stage and grade of 
breast cancer9. The highest circulating ACE levels in plas-
ma carcinogenesis are suggested due to smoking, diet, and 
environment10. Although the role of ACE in breast cancer 
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Table 1. Comparison between breast cancer and healthy women regarding the mean of angiotensin-converting enzyme, 
plasmin, renin, kallikrein, and bradykinin.

Table 2. Relation of ACE and plasmin with the stage of disease breast cancer women.

Table 3. Relation of ACE, renin, plasmin, kallikrein, and bradykinin with hypertension and diabetes in breast cancer.
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pathophysiology is unknown, its hypothesized RAS compo-
nents (ACE/AT1/Ang II) have been found in breast tissue. 
They may play a role in disease progression by increasing 
cell proliferation and promoting VEGF-mediated angiogene-
sis in breast cancer by directly affecting tumor and stromal 
cells and indirectly modulating vascular cell growth during 
angiogenesis11. Our results show an increase in ACE levels 
when compared to the control group; this may occur as a 
result of hormonal imbalance in patients with breast cancer, 
which may result in abnormal expression of hormones de-
pendent on genes such as ACE, which is usually affected by 
hormonal such as steroid hormone12. The anti-angiogenic 
properties of ACE were investigated by other researchers, 
who were prompted to do so by their observation that pa-
tients with breast cancer had a higher risk of developing 
ACE13. Our result disagrees with Varela& Saez, which found 
a decreased level of ACE in the serum of breast cancer 
compared with control and suggested a related stage of 
cancer with a level of ACE14.

A high level of plasmin produced by plasminogen in 
breast cancer patients occurs by binding of tissue-type plas-
minogen activator (tPA) to its receptor annexin II, promotes 
neoangiogenesis, cancer invasion, and metastasis, which 
predicts poor survival and is associated with a high rate of 
relapse for patients with breast cancer. In contrast, a lack 
of annexin II and tpA leads to decreased plasmin levels15. 
Plasmin is a protein that plays an important role in the dis-
solution of a fibrin clot that is involved in the regulation of 
breast cancer invasion and metastasis, which may occur 
due to an increase in the production of plasmin. As the 
amount of plasminogen activator (uPA) in the bloodstream 
rises, the conversion of inactive plasminogen to active 
plasmin takes place, which results in the degradation and 
regeneration of the basement membrane and extracellular 
matrix (ECM), which ultimately leads to metastasis (sprea-
ding of cancer cells)16.Several growth factors and other pro-
teolytic systems appear to be controlled by the PA/plasmin 
system, which is essential in this regard17. Our findings indi-
cate a decreased level of renin in the blood, which could be 
due to a decrease in the stimulation of juxtaglomerular cells 
in the renal nephron to produce renin or damage to the cells 
that synthesize and secrete hormones, among other possi-
bilities. Our findings are consistent with18 Low renin levels 
and high plasma aldosterone levels have been observed, 
which may be related to increased angiotensin receptor-1 
(ATR1) levels and augmented angiotensin II action19. Other 
studies have discovered that the renin levels in breast can-
cer patients are unaffected20. The mean level of kallikrein 
was found to be elevated in breast cancer patients, which 
agrees with the findings21,22. The levels of kallikrein in the 
serum of breast cancer patients increased before the ope-
ration and after treatment23. Breast cancer cells secrete ki-
ninogenases and kininogen substrates, which activate the 
bradykinin receptor (B1R), in which B1R agonist causes 
an estrogen-sensitive breast cancer cell to secrete more 
kallikreins that increase its secretion and the presence of 
kininogens with B1R in these cells may contribute to breast 
cancer proliferation and invasion24. Also, kallikrein level was 
slightly higher (although not statistically significant) in the 
patients' estrogen receptor-negative and progesterone re-
ceptor-negative subgroups. Kallikrein is up-regulated by 
androgens in breast cancer patients25. The mean bradykinin 
level was elevated in breast cancer patients, consistent with 
previous findings26. Breast cancer patients have higher le-
vels of bradykinin and desArg-bradykinin in their sera, whe-

reas bladder cancer patients have lower levels27. BK can be 
found in stomach, pituitary, uterus, and breast cancer tu-
mors, among other places26. The presence of kinin cascade 
proteins on functional cells such as neutrophils, fibroblasts, 
and endothelial cells in the breast tumor microenvironment 
further increases the likelihood of the formation of kinins in 
the breast tumor microenvironment, supporting their poten-
tial role as modulators of breast cell carcinogenesis28.

Our findings in Table 2 revealed that serum ACE le-
vels were elevated in breast cancer patients due to various 
stages and chronic diseases, as well as sex hormonal 
disturbances such as androgen, which cause an increase 
in ACE levels29. Breast cancer is associated with both an-
drogen and estrogen risk factors30; Women with low plas-
ma estrogen levels are at a higher risk of breast cancer. 
On the other hand, estrogen insufficiency has been linked 
to a rise in ACE production31. Furthermore, most patients 
have hypertension that may or may not be controlled with 
antihypertensive medications, and diabetic patients are ex-
posed to elevated ACE levels32. Several studies have de-
monstrated that angiotensin-converting enzyme levels are 
elevated in cancer, particularly breast cancer33. In addition, 
we observed a decrease in the level of ACE after systemic 
treatment, which is consistent with (9). The mean in the first 
dose increased from before treatment. This may be caused 
by the use of tamoxifen chemotherapy that develops resis-
tance in some breast cancer women, which increases the 
RAS component, which suggests a combination of angio-
tensin-converting enzyme (ACE) inhibitors or angiotensin 
receptor-1 (AT1R) blockers with tamoxifen can be a new 
strategy to prevent tamoxifen resistance in ER-a positive 
breast cancer34. The mean 3 doses observed decreased 
from 2 and 1. This may be due to using an antihypertensive 
drug such as Capital, which is an effective drug for breast 
cancer35. Chemotherapy as bradykinin-potentiating peptide 
paclitaxel(BPP-PTX) targets the angiotensin-converting en-
zyme in breast cancer36. Also, paclitaxel injection inhibited 
ACE activity and increased the expressions of B1 and B2 
receptors and bradykinin-related peptide levels in periphe-
ral tissue37. The results of plasmin in women with breast 
cancer before mastectomy groups were, (1.01 ±0.45) ng/
ml, (1.14 ±0.497) ng/ml in women with breast cancer before 
treatment, (1.52 ±0.70) ng/ml after one dose chemotherapy, 
(1.14 ±0.41) ng/ml, (1.41 ±0.62) in 2 doses and 3 doses of 
chemotherapy respectively. The study showed that serum 
plasmin levels elevated the mean of plasmin after chemo-
therapy doses. This result agrees with Samaneva et al.23 
Systemic fibrinolytic occurs when there is a deficiency in 
plasmin inhibitor a2PI; the levels in our patients gradually 
increase after treatment with therapy38.

ACE inhibitor increases fibrinolytic action by increasing 
tissue plasminogen activation TPA and decreasing TPA-1 
inhibitor39. Elevated urokinase-type plasminogen activator 
(uPA) and its receptor in women with breast cancer that 
responsible for the conversion of plasminogen into plasmin 
which is the main enzyme involved in the degradation of the 
vascular basement membranes facilitates migration and the 
adhesion of cancer cells to the surrounding tissues also ele-
vated plasmin activation of metalloproteinase, which is the 
only enzyme involved in the processing of type IV collagen, 
is responsible for the formation of the skeleton of the vascu-
lar basement membranes in the cancer cell40. Our result ob-
served an increase in plasmin level after dose administra-
tion. This may be due to inflammation and viral infection that 
elevated plasminogen activation to plasmin41. In addition, 
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Asprin used by breast cancer women increases plasmin 
activity42. Other results suggested that patients with increa-
sed concentrations of plasmin fail to respond to hormone 
therapy in advanced disease16. Our results show a decrea-
sed level of renin gradually in women before the operation, 
before treatment, and after 3 doses of chemotherapy; this 
may be due to breast cancer effect on renal cells such as 
juxtaglomerular cells or a decrease in nerve stimulation that 
ultimately lead to reduced in renin secretion. Renin levels, 
aldosterone, and sodium levels decreased in breast can-
cer women before trial therapy, and no elevated renin levels 
when aldosterone levels were subnormal43. Estradiol has a 
cardiovascular protective impact on its antihypertensive ac-
tivity, and estrogens can downregulate components of the 
renin-angiotensin system (RAS) and reduce the expression 
and activity of angiotensin I-converting44. Surgical trauma 
and postoperative pain can produce stress responses. Cor-
tisol is an essential indicator of the body's stress response 
when the body produces pain excitement under the hypo-
thalamus-pituitary-adrenal cortical axis regulation, secret 
glucocorticoids to blood and make cortisol concentration in-
crease while releasing a large number of stress hormones, 
including angiotensin, renin, aldosterone. The results of this 
study showed that the levels of angiotensin, renin, cortisol, 
and aldosterone first increased and then decreased; levels 
at 1 d and 3 d after the operation were significantly higher 
than those before an operation. Moreover, the levels of an-
giotensinII, renin, cortisol, and aldosterone were significant-
ly lower than those in the control group at the same time 
point18. Our results show kallikrein level is not affected by 
the chemotherapy dose. This may be due to kallikrein re-
sistance to chemotherapy. This result agrees with.23 Kalli-
kreins are expressed in several human tissues, mainly the 
hormone-producing or hormone-dependent ones such as 
the breast, ovary, prostate, and testis. In cancer cell lines, 
all kallikreins are under sex steroid hormone regulation45.

The highest mean of ACE in Table 3 was recorded in 
breast cancer women with diabetes (1.24 ± 0.18 U/L), fo-
llowed by women with no diseases (1.20 ± 0.22 U/L), and 
the low means were in women with hypertension (0.99 ± 
0.19 U/L), the difference was highly significant at P. value: 
0.007. Our results showed that serum ACE levels were in-
creased. There were no significant differences in the mean 
of angiotensin-converting enzyme  (ACE); the mean in 
hypertension decreased due to the use of an antihyperten-
sive drug such as ACE inhibitor that decreases ACE and 
increases plasmin inhibitor such as tissue plasminogen 
inhibitor TPA-1 increases fibrinolytic activity46. Although 
hypertensive drugs such as spironolactone caused a sig-
nificant increase in plasmin by increasing tissue plasmino-
gen activation levels, this incompatibility might be due to 
the number of patients included and the short duration of 
our study47. Tamoxifen chemotherapy develops resistance 
in some breast cancer women, which increases the RAS 
component and increases ACE level34. increases ACE level 
moderately in controlled diabetic patients and also a signi-
ficant increase in uncontrolled diabetic patients. This is due 
to irregular carbohydrate, lipid, and protein metabolism48, 
and breast cancer women at high risk of hypertension. Se-
veral mechanisms have been proposed for the relationship 
between hypertension and breast cancer risk. First, breast 
cancer and hypertension may share a common pathophy-
siological pathway mediated by adipose tissue, which could 
cause chronic inflammation and further increase the risk of 
both breast cancer and hypertension49. 

Conclusions
It was concluded that ACE, plasmin, kallikrein, and br-

adykinin levels were significantly elevated in breast cancer 
women compared to healthy women but decreased renin 
levels. The mean of plasmin in breast cancer women with 
hypertension was 1.27 ± 0.53ng/ml, followed by women 
with diabetes (1.33 ± 0.50 ng/ml), and the means were in 
women with no disease (1.20 ± 0.60 ng/ml). There were 
no significant differences in the mean of renin, plasmin, ka-
llikrein, and bradykinin in the breast cancer women group 
who suffered from hypertension, the group who suffered 
from diabetes, and the group with no disease.
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