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Introduction

Type 2 diabetes (T2DM) is a dominant metabolic syndrome [1]. The phenotypical characteristic is hyperglycemia arising
from insufficient insulin secretion or insulin resistance [2]. Patients with T2DM are at high risk of coronary artery diseases
(CHD) [3]. With the grave consequences of morbidity and mortality. Several types of investigation have affirmed that many
factors consist of enhanced autonomic neuropathy, endothelial dysfunction, coagulability, and oxidative stress and are
usually present in T2D patients, which may be directly involved to the development of CHD [4, 5]. The wingless-integrated
pathway (Wnt) is classified into calcium-dependent pathways, Wnt-planar cell polarity, and canonical Wnt-B-catenin. Wnt-
B-catenin pathway role has been already mentioned in skeletal development [6], glucose and lipid metabolisms [7],
cardiovascular homeostasis [8], and adipocyte differentiation [9]. In health and disease, Wnt proteins can affect several cell
types concerned in the cardiovascular system.

Moreover, lots of components participate in the propagation and initiation signaling pathway of Wnt-p-catenin [10]. A Wnt
ligand binds to the single-pass low-density lipoprotein receptor-related protein 5 or 6 (LRP5/6) and the seven-pass
transmembrane receptor Frizzled [11]. Sclerostin is a monomeric glycoprotein with 190 amino acids. In humans, the SOST
gene encodes sclerostin. Osteocytes are the main source of sclerostin, and kidney, liver, and vascular wall cells also secrete
it. Sclerostin acts as an antagonistic ligand for the Wnt LRP5/6 co-receptors [12]. The apparent relation between sclerostin,
and arterial wall calcification and cardiovascular events is uncertain. The correlation between arterial calcification and
sclerostin is controversial [13]. Therefore, this study aimed at evaluating the circulating sclerostin levels as coronary heart
disease novel biomarker in Iraqi individuals with T2DM.
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Methods

Study Design

Three hundred Iraqi patients (150 Women, 150 Men) aged 56.7 +1.64 years participated in this study 150 T2DM patients
with CHD (T2DM-CHD), and 150 were T2DM patients without CHD (T2DM). The T2DM-CHD patients were selected
from patients in the catheterization ward of Najaf Center for Cardiac Surgery, at Al-Sadder Medical City, Najaf, Iraq (with
stenosis of more than 70% in each of the main coronary vessels or T2DM patients who had been admitted for myocardial
infarctions). Besides, 30 healthy aged-matched subjects (15 females, and 15 males) were included as the control group. The
protocol of the study was approved by the College of Science in Kufa University Ethics Committee. Also, each subject
signed an informed approval before participating in the study. Written informed consent was obtained from all participants.
All patients were Iraqi, without connective tissue diseases, congenital heart disease, cardiomyopathy, severe liver, or kidney
disease. Patients with vasculitis and familial hypercholesterolemia were also excluded.

Clinical assessment

Baseline information concerning medical history, treatment procedures, utilization of medications, event characteristics, and
demographics were collected and documented on the electronic case report forms. Body weight and height were measured to
the nearest 0.1 using a stadiometer. The body mass index (BMI) was calculated according to the Quetelet formula (weight in
kg divided by the square of the height in meters). With the stretch-resistant tape parallel to the floor, waist circumference
was measured at the midpoint between the top of the iliac crest and the lower margin of the last palpable rib. Hip
circumference was measured twice around the widest portion of the buttock, and the average was calculated.

Biochemical analysis

Blood samples were taken at the same time of the day, for all subjects and after 12-hour fasting. Samples were collected in
two tubes. The first was left to allow clot formation for 10 min, then centrifuged for 20 min at 3000 Xg, and sera were
separated. The reminder samples were collected in the tubes containing K>EDTA for the measurement of glycated
hemoglobin percentage (HbA1C). The percentage of Hemoglobin Alc was measured by a colorimetric method by using the
HbAIc kit (Stanbio, USA). The glucose oxidase method (Biomaghrab, France) was used to determine fasting blood glucose
was determined by the glucose oxidase method (Biomaghrab, France). Total cholesterol (TC) was evaluated by a single
reagent, COD-PAP method (Elabscience, USA). High-density lipoprotein—holesterol (HDL-C) was determined by a single
reagent, PEG-CHO-PAP method (Elabscience, USA). Besides, Triglyceride (TG) was analyzed by a single reagent, GPO-
PAP method (Elabscience, USA). While, low-density lipoprotein-cholesterol (LDL-c), was calculated by using the
Friedewalds equation. Very low-density lipoprotein-cholesterol (VLDL-C) was calculated TG (mmol/L)/2.2. Serum insulin,
serum sclerostin, and serum B-type Natriuretic Peptide (BNP) levels were determined using various solid-phase ELIZA kits
(Elabscience, USA).

Statistical analysis

Data of the present study are expressed as mean * standard deviation (Mean + SD). The parameters of the 2 groups were
compared using the student's t-test. Serum sclerostin and BNP usefulness as markers of a high risk of coronary heart disease
in patients with T2DM were analyzed using a receiver operating characteristic (ROC) curve. All statistical analyses were
carried out using the SPSS software (V20;0 IBM, Armonk, NY. USA). A calculated probability (p-value) of less than 0.05
was considered significant. In addition, HOMA: calculator was downloaded from Oxford University that used to calculate
beta-cell function, insulin resistance, and insulin sensitivity.

Results and Discussion:
The current study included 300 T2D patients; 150 of them had coronary heart diseases, and the remaining 150 diabetic
patients served as a pathological control group. In addition to 30 age-matched healthy control. Anthropometric

measurements of the investigated individuals were stated in Table 1. It shows no significant differences between the two
studied groups in all essential characteristics (all P<0.05).

Table 1. Basic Characteristics of type 2 diabetic patients with and without coronary heart diseases.

Parameters T Q]C);Ir\j[)lip C]HD (;r;gll)\f P-value
( CI::;:BG; 0 150 150 0.895
Ge“?gros;sz ;;Z‘;‘;’en) 75175 75175 0.948
( comrlzﬁesg.{:g(r)i)s. $00) 56.617+8.128 57.167+7.764 0.549




Ruaa Ali Mohammed Ali and Rasha Shakir Nima, 2020

Pharmacophore, 11(4) 2020, Pages 106-112

(mmilzg(;fg‘iﬁ; w07) 30.063+ 5.216 29.969+1.996 0.829
\Zi‘)l:;:]‘lrcg‘?l]f;g:‘j 2(;;) 109.41715.326 109.117+11.616 0.849
(I:;isorlc‘;jge;‘;‘zeo(;;?) 100.38318.119 100.733£11.373 0.955
(COZ';‘;S; ;.}0{;1;33097) 1.111£0.210 1.089:0.102 0.249

The biochemical data of the enrolled patients and controls were presented in Table 2. It points out significant differences in
HbAlc, IN, HOMA-%S, HOMA-IR, HOMA-%p, TC, TG, HDL-C, LDL-C, and VLDL in the T2DM-CHD Group
concerning to T2DM group. There were no significant difference in FBG and HDL-C (Table 2).

Table 2. Biochemical data of type 2 diabetics with and without coronary heart diseases and normal control.

Parameters T zg;zlipcll_ﬂ) (:i“r;]l;i/lz P-value
(wmgll’;’;?;og 202) 9.381+ 1.445 7.373£1.779 0.0001
(mmfi(}z (0?“’;/ ;113- 197) 241.390 79.586 253.048+92.963 0.243
(wm:i\ll;(gggg; 202) 36.539+ 8.566 27.672+9.519 0.0001
(wmml];{?;;%?f 20.470) 29.242+12.45 48.13+ 16.470 0.0001
(Commllfogff‘o‘;@ 2470) 47.098+10.32 44.038 £12.45 0.0212
(comrgf)(l)\f??;f 0.552) 11.111 +3.617 6.668 2.901 0.0001
(mmmTl;CI?;_gﬁz 2673) 237.666 +50.365 194.318+49.547 0.0001
(contrz;l;,'(} ](]I;‘fgg/g: 572) 190.23335.791 100.433+42.089 0.0001
(COZZE_'(;;%E)Q 5 41.033£7.012 40.1000 £7.720 0.274
(confrIzzL;_fo(olﬁ ‘;l; s 237.667 +70.969 214.400076.174 0.006
(con;;]zg];%g‘gfg 031) 37.9337.068 31.92748.749 0.0001

The results in Table 3 indicate that the differences in the ratios of TC/HDL-C, TG/HDL-C, and LDL-C/HDL-C in group 1
(T2DM-CHD) were significantly higher than in group (T2DM).

Table 3: Lipoprotein ratios of type 2 diabetics with and without coronary heart diseases and normal control.

Parameters Group 1 Group 2 P
T2DM - CHD T2DM Value
(Comrzf /31.{51)3;%.583) 6.962 +3.521 5.641+.989 0.0001
(comrIlC;} T(B%fo.zw) 7188 £5.877 2.652 £1.086 0.0001
(cokt]r)(h ;_?;21;1?93) 5.218+2.744 2.889+ 1.271 0.0001

Figure 1 shows the levels of serum sclerostin and serum brain natriuretic peptide for subjects included in this study. Table 4
points out that the serum sclerostin level significantly increased in T2DM-CHD compared with age-gender match T2DM
without CHD patients (181.357+10.959 versus 154.285+12.377, respectively; P<0.0001). Also, Serum BNP level was

significantly higher in T2DM-CHD compared with age-gender match T2DM patients (230.456+92.588 versus
162.3174£57.528, respectively; P<0.0001).
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Figure 1: Box plots display A-Serum sclerostin levels (pg/ml) and B - serum BNP levels (pg/ml) in study population.

Table 4: Comparison of different Serum Sclerostin levels and Serum brain natriuretic peptide levels of subjects.

Group 1 Group 2
Parameters T2DM with CHD ToDM P-value
S. Sclerostin (pg/ml)

+ +

(Control: 97.899+ 24.032) 181.357+10.959 154.285£12.377 0.0001
S. BNP (pg/ml)

+ +

(Control; 86.793+8.452) 230.456+92.588 162.317+57.528 0.0001

Receiver operating characteristics (ROC) curve analysis was performed to evaluate the usefulness of sclerostin and BNP as
markers for coronary heart disease in T2DM patients. The results showed an area under the curves of sclerostin and BNP
(0.904, P<0.0001for sclerostin, and 0.723, P<0.0001) (Figure 2). The serum sclerostin concentration of >163.636 pg/ml
showed a sensitivity of 94% and specificity of 99% to identify the risk of coronary heart disease in T2DM patients. On the
other hand, the concentration of serum BNP >199.327 pg/ml showed a sensitivity of 61.2% and specificity of 99.8% to
identify the risk of coronary heart disease in T2DM patients (Table 5).
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Figure 2: Receiver operating characteristics (ROC) curve for Sclerostin and BNP to predict T2DM-CHD.
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Table 5. Receiver operating characteristics (ROC) curve to predict CHD in T2DM.

95% CI
P Cut off . e
Parameters AUC SD Value Lower Upper value Sensitivity % Specificity%
Bound Bound
Sclerostin 0.904 0.037 0.0001 0.831 0.977 163.636 94 99.07
BNP 0.723 0.049 0.0001 0.628 0.818 199.327 61.2 99.86

e SD is standard Error
e AUC is the area under the curve.

® Clis Asymptotic 95% Confidence Interval.

According to the literature, there is a firm relation between CHD and T2DM. The progression of arteriosclerotic takes place
earlier, and to a greater extent in the T2DM than in the non-T2DM subjects. In patients with T2DM, the diagnosis of arterial
diseases does not always precede the development of an acute arterial incident. Several factors contribute to the presence of
CHD in T2DM patients, and only 25% of these have previously been noted [14]. Hence, it is necessary to investigate the
relevant affecting factors, which purpose such high hazard. Yet it is not clear whether the fluctuations in the levels of blood
glucose and increased insulin secretion or insulin resistance that is responsible for the association between CHD and T2DM.
Physicians would like to recognize this information to aid them to predict and prevent CHD in T2DM patients. In
consideration of that, CHD risk factors may differ between individuals and community and by sex and age [15].

In the current study, HbAlc, IN, HOMA-%S, HOMA-IR, and HOMA-%p levels were significantly higher in T2DM-CHD
patients than those in T2DM patients. This data suggests that HbAlc, fasting insulin, insulin resistance, or reduced insulin
secretion are better predictors of future coronary heart disease than fasting glucose. Also, insulin resistance might be the
primary mechanism linking T2DM to CHD. Previous observational investigations have consistently reported a positive
relation between HbAlc and CHD risk, although they are susceptible to confounding [16]. To explain the association
between CHD risk and chronically increased level of blood glucose, several biological mechanisms have been suggested
[17]. One of the explanations, glucose can interact with various kinds of proteins, creating advanced glycation products,
which take part in long-term diabetes complications, as well as to endothelial dysfunction, changes in arterial distensibility,
plaque formation, and atherosclerosis [18]. The data pointed to the presence of a reduction in the levels of HOMA-%S, and
HOMA-% f in T2DM- CHD patients as in T2DM patients. This can be interpreted by the fact that insulin signaling governs
the metabolism of glucose and lipids in the heart. Therefore, insulin resistance creates a metabolic disrupts, that
consequences in low glucose oxidation and high lipid oxidation. That can cause endoplasmic reticulum stress, mitochondrial
dysfunction, and oxidative stress. This can result in irregular handling of calcium ion and low generation of ATP, leading to
the death of cardiomyocytes [19].

The data show that dyslipidemia is highly prevalent in T2DM-CHD patients. Though the patients included in this study
received oral hypoglycemic agents and lipid-lowering agents in some cases, a significant proportion of them had abnormal
lipid profiles. Each of the dyslipidemic features has participated in the risk of coronary heart disease. There was not any
significant difference in the mean level of HDL-C between the two groups. Concerning the traditional plasma fasting lipid
profile, though several consensus documents have been published, there is no universal acceptance of how this information
should be interpreted and used [20, 21]. Previous studies point out that dyslipidemia is a very frequently metabolic
abnormality, including both qualitative and quantitative changes in serum levels of lipoprotein [22]. The key features of
dyslipidemia include high total cholesterol, high triglycerides, elevated low-density lipoprotein, and decreased high-density
lipoprotein [23]. Actually, our study has established that lipoprotein ratios were significantly related to coronary artery
lesions in T2DM patients. Atherogenic indices or lipoprotein ratios that are obtained from these lipid indicators have been
shown by several epidemiological studies as better indicators than any single lipid parameter of CHD [24, 25]. One of the
best things about these ratios is that they as quickly as they can be calculated by the physician and are easier to comprehend
at the clinical level.

Furthermore, these ratios capable of providing a reference on risk factors hard to estimate by routine analysis and could be a
better mirror of the clinical metabolic interactions and between lipid fractions. Since the ratios of lipoprotein are underused
in cardiovascular prevention but can be added to the assessment of risk. Most recently, the close connection between
lipoprotein ratios and the severity of stenosis of the coronary artery was stated [26, 27]. Yang, et al. in their study suggested
that the lesions of coronary artery were relevant to the abnormal metabolism of lipid. In the meantime, the ratios of LDL-
C/HDL-C and TC/HDL-C were better shows than other lipid parameters [28]. After that, Momiyama, et al. stated that LDL-
C/HDL-C was connected to coronary atherosclerosis severity [29].

Regardless of higher serum BNP levels and CHD risk in T2DM in Iraqi patients. These data pointed to the presence of a
complex interaction among immunological components and neurohormonal in the regulation of cardiac endocrine response
that including natriuretic peptide synthesis and secretion. Altered BNP receptors expression might participate in resistance to
the biological effect of the peptides in CHD [30, 31].

On the other hand, serum sclerostin level was significantly higher (P<0.001) in T2DM-CHD patients than T2DM patients.
Both in vitro and in vivo, canonical Wnt signaling pathway activation is involved in VSMCs proliferation in the arterial and
venous [32]. Moreover, the Wnt pathway has been mentioned to have a vital role in the endothelial inflammation regulation,
calcification of vascular and differentiation of mesenchymal stem cell [33]. According to evidence, the atherosclerosis
process is both progressive and actively regulated, so we can suggest that high levels of serum sclerostin could be a pointer
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of a kind of defensive mechanism that may weaken the canonical Wnt pathway upregulation and produce the return of calm
Wnt signaling seen in a normal situation and preventing the progression of atherosclerotic [34].

The coronary artery circulation plays an essential role in matching blood delivery to the myocardial metabolic needs, which
consists of resistance and conductance vessels. The cell layer that lines these blood vessels is the endothelium layer. This
layer helps to maintain the tone of the blood vessel, and acts as a barrier to toxic materials, and regulates hemostasis and
inflammation [35]. Endothelial cells arise from mesodermal cells differentiation that producing crude vascular structures
called blood islands. Vascular endothelial growth factor induces the newly formed endothelial cells to migrate on a matrix
permit fusion of the blood islands, the formation of the first primitive vascular plexus, and their remodeling into tubular
structures [36]. In the same way, Oranger et al. viewed the role of sclerostin in angiogenic activity and inducing
proangiogenic cytokines vascular endothelial growth factor [37].

Conclusion:

By comparing the diagnostic value for T2DM-CHD of serum sclerostin and BNP levels in T2DM patients by ROC curves,
the results showed that similar to BNP, serum sclerostin may be a novel biomarker for the diagnosis of patients with CHD in
T2DM. Therefore, the data highlighted the fact that serum sclerostin may be a better biomarker than BNP in T2DM-CHD
subjects.

References

1. Ahmed IA, Alosaimi ME, Alkhathami SM, Alkhurayb NT, Alrasheed MS, Alanazi ZM, Alshehri MA, Alazwary MN.
Knowledge, attitude, and practices towards diabetes mellitus among non-diabetes community members of Riyadh,
Kingdom of Saudi Arabia. Int. J. Pharm. Res. Allied Sci. 2020;9(1):41-51.

2. Adiga U, Kathyayani P. Association of Insulin Resistance with Liver Biomarkers in Type 2 Diabetes Mellitus. Int. J.
Pharm. Phytopharm. Res. 2019;9(1):88-91.

3. Alshali KZ. Review of herb supplement use in type 2 diabetes. Arch Pharma Pract. 2020;11(2):42-9.

4. Priyadi A, Muhtadi A, Suwantika AA, Sumiwi SA. An economic evaluation of diabetes mellitus management in South
East Asia. J. Adv. Pharm. Educ. Res. 2019;9(2):53-74.

5. Gomes, M. D. B. Impact of diabetes on cardiovascular disease: an update. International journal of hypertension, 2013.

6. Ahi, E. P. Signalling pathways in trophic skeletal development and morphogenesis: insights from studies on teleost
fish. Developmental biology, 2016; 420(1): 11-31.

7. Lu, Y., Han, J. Wnt Signaling and Genetic Bone Diseases. In Osteogenesis and Bone Regeneration. IntechOpen, 2018.

8. Asadipooya, K., Weinstock, A. Cardiovascular Outcomes of Romosozumab and Protective Role of Alendronate: A
Conundrum or Clarification. Arteriosclerosis, thrombosis, and vascular biology, 2019; 39(7): 1343-1350.

9. Harada, H., Tsuda, Y., Yabuki, K., Shiba, E., Uchihashi, K., Matsuyama, A., ... Hisaoka, M. Inhibition of WNT/B-
catenin signaling under serum starvation and hypoxia induces adipocytic transdifferentiation in human leiomyoma
cells. Laboratory Investigation, 2018; 98(4): 439-448.

10. Chen, Z., Gao, Y., Yao, L., Liu, Y., Huang, L., Yan, Z., ... Weng, H. LncFZD®6 initiates Wnt/p-catenin and liver TIC
self-renewal through BRG1-mediated FZD6 transcriptional activation. Oncogene, 2018; 37(23): 3098-3112.

11. Murillo-Garzén, V., Kypta, R. WNT signalling in prostate cancer. Nature Reviews Urology, 2017; 14(11): 683.

12. Weivoda, M. M., Youssef, S. J., Oursler, M. J. Sclerostin expression and functions beyond the osteocyte. Bone, 2017;
96, 45-50.

13. Shalash, M. A. M., Rohoma, K. H., Kandil, N. S., Mohsen, M. A. A., Taha, A. A. F. Serum sclerostin level and its
relation to subclinical atherosclerosis in subjects with type 2 diabetes. Journal of Diabetes and its Complications,
2019; 33(8): 592-597.

14. Patsouras, A., Farmaki, P., Garmpi, A., Damaskos, C., Garmpis, N., Mantas, D., Diamantis, E. Screening and Risk
Assessment of Coronary Artery Disease in Patients With Type 2 Diabetes: An Updated Review. in vivo, 2019; 33(4),
1039-1049.

15. Ogata, S., Nishimura, K., Guzman-Castillo, M., Sumita, Y., Nakai, M., Nakao, Y. M., Watanabe, T. Explaining the
decline in coronary heart disease mortality rates in Japan: Contributions of changes in risk factors and evidence-based
treatments between 1980 and 2012. International journal of cardiology, 2019; 291, 183-188.

16. Mongraw-Chaffin, M., Bertoni, A. G., Golden, S. H., Mathioudakis, N., Sears, D. D., Szklo, M., Anderson, C. A.
Association of Low Fasting Glucose and HbAlc With Cardiovascular Disease and Mortality: The MESA Study.
Journal of the Endocrine Society, 2019; 3(5): §92-901.

17. Szablewski, L. Glucose transporters in healthy heart and in cardiac disease. International journal of cardiology, 2017;
230: 70-75.

18. Basukala, P., Jha, B., Yadav, B. K., Shrestha, P. K. Determination of Insulin Resistance and Beta-Cell Function Using
Homeostatic Model Assessment in Type 2 Diabetic Patients at Diagnosis. J Diabetes Metab, 2018; 9(790): 2.

19. Bhatti, J. S, Bhatti, G. K., Reddy, P. H. Mitochondrial dysfunction and oxidative stress in metabolic disorders—A
step towards mitochondria based therapeutic strategies. Biochimica et Biophysica Acta (BBA)-Molecular Basis of
Disease, 2017; 1863(5): 1066-1077.



Ruaa Ali Mohammed Ali and Rasha Shakir Nima, 2020

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Pharmacophore, 11(4) 2020, Pages 106-112
Jain, H. R., Shetty, V., Singh, G. S., Shetty, S. A study of lipid profile in diabetes mellitus. International Journal of
Scientific Study, 2016; 4(9): 56-61.
Mackey, R. H., Kuller, L. H., Moreland, L. W. Inflammatory joint diseases and atherosclerosis: time to look beyond
the ‘lipid paradox’. Current opinion in lipidology, 2019; 30(4): 342-349.
Csenteri, O. K., Sandor, J., Kalina, E., Bhattoa, H. P., G6dény, S. The role of hyperinsulinemia as a cardiometabolic
risk factor independent of obesity in polycystic ovary syndrome. Gynecological Endocrinology, 2017; 33(1): 34-38.
Mikolasevic, I, Zutelija, M., Mavrinac, V., Orlic, L. Dyslipidemia in patients with chronic kidney disease: etiology
and management. International journal of nephrology and renovascular disease, 2017; 10, 35.
Cao, B., Fan, Z., Zhang, Y., Li, T. Independent association of severity of obstructive sleep apnea with lipid
metabolism of atherogenic index of plasma (AIP) and apoB/apoAl ratio. Sleep and Breathing, 2020; 1-7.
Qin, Z., Zhou, K., Li, Y., Cheng, W., Wang, Z., Wang, J., ... He, H. The atherogenic index of plasma plays an
important role in predicting the prognosis of type 2 diabetic subjects undergoing percutaneous coronary intervention:
results from an observational cohort study in China. Cardiovascular Diabetology, 2020; 19(1): 1-11.
Guo, Q., Zhou, S., Feng, X., Yang, J., Qiao, J., Zhao, Y., ... Zhou, Y. The sensibility of the new blood lipid indicator—
—atherogenic index of plasma (AIP) in menopausal women with coronary artery disease. Lipids in Health and
Disease, 2020; 19(1): 1-8.
Sultani, R., Tong, D. C., Peverelle, M., Lee, Y. S., Baradi, A., Wilson, A. M. Elevated triglycerides to high-density
lipoprotein cholesterol (TG/HDL-C) ratio predicts long-term mortality in high-risk patients. Heart, Lung and
Circulation, 2020; 29(3): 414-421.
Yang, D., Liu, X., Xiang, M. The correlation between lipids ratio and degree of coronary artery stenosis. High Blood
Pressure & Cardiovascular Prevention, 2011; 18(2): 53-56.
Momiyama, Y., Ohmori, R., Fayad, Z. A., Tanaka, N., Kato, R., Taniguchi, H, Ohsuzu, F. The LDL-cholesterol to
HDL-cholesterol ratio and the severity of coronary and aortic atherosclerosis. Atherosclerosis, 2012; 222(2): 577-580.
Forfia, P. R., Lee, M., Tunin, R. S., Mahmud, M., Champion, H. C., Kass, D. A. Acute phosphodiesterase 5 inhibition
mimics hemodynamic effects of B-type natriuretic peptide and potentiates B-type natriuretic peptide effects in failing
but not normal canine heart. Journal of the American College of Cardiology, 2007; 49(10): 1079-1088.
Kuhn, M., Vo8, M., Mitko, D., Stypmann, J., Schmid, C., Kawaguchi, N, ... Baba, H. A. Left ventricular assist device
support reverses altered cardiac expression and function of natriuretic peptides and receptors in end-stage heart failure.
Cardiovascular research, 2004; 64(2): 308-314.
Li, X., Liu, P, Liu, W., Maye, P., Zhang, J., Zhang, Y., ... Harris, S. E. Dkk2 has a role in terminal osteoblast
differentiation and mineralized matrix formation. Nature genetics, 2005; 37(9): 945-952.
Askevold, E. T., Gullestad, L., Aakhus, S., Ranheim, T., Tgnnessen, T., Solberg, O. G., ... Ueland, T. Secreted W nt
Modulators in Symptomatic Aortic Stenosis. Journal of the American Heart Association, 2012; 1(6): ¢002261.
Gaudio, A., Privitera, F., Pulvirenti, 1., Canzonieri, E., Rapisarda, R., Fiore, C. E. The relationship between inhibitors
of the Wnt signalling pathway (sclerostin and Dickkopf-1) and carotid intima-media thickness in postmenopausal
women with type 2 diabetes mellitus. Diabetes and Vascular Disease Research, 2014; 11(1): 48-52.
Crea, F., Camici, P. G., Birey Merz, C. N. Coronary microvascular dysfunction: an update. European heart journal,
2014; 35(17): 1101-1111.
Bus, P., Gerrits, T., Heemskerk, S. A., Zandbergen, M., Wolterbeek, R., Bruijn, J. A., ...Scharpfenecker, M. Endoglin
Mediates Vascular Endothelial Growth Factor-A—Induced Endothelial Cell Activation by Regulating Akt Signaling.
The American journal of pathology, 2018; 188(12): 2924-2935.
Oranger, A., Brunetti, G., Colaianni, G., Tamma, R., Carbone, C., Lippo, L., ... Moretti, B. Sclerostin stimulates
angiogenesis in human endothelial cells. Bone, 2017; 101: 26-36.



