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Abstract: Objective: The goal of this study was to investigate the expression and correlation of fibroblast growth fac-
tor 23 (FGF-23) and smooth muscle actin alpha (α-SMA) in patients with uremia during arteriovenous fistula (AVF). 
Methods: A total of 82 patients with uremia were in the research group, 67 males and 15 females, aged 46 to 75, 
with an average age of (61.57±8.43). A further 80 patients were in the control group, including 60 males and 20 
females, aged 42 to 76, with an average age of (62.33±9.27). Venous blood (4 mL) was taken from each patient be-
fore treatment (T0), 3 days after treatment (T1) and 7 days after treatment (T2). FGF-23 and α-SMA were detected 
by enzyme-linked immunosorbent assay (ELISA). The concentrations of FGF-23 and α-SMA in diagnosis of uremia, 
the prediction for curative effect and the correlation with the treatment time between the study group and control 
group were analyzed. Results: Serum of FGF-23 and α-SMA in the study group were significantly higher than those in 
the control group (P<0.001). The ROC curve indicated that FGF-23 and α-SMA were effective in diagnosis of uremia 
(P<0.001). FGF-23 and α-SMA were negatively correlated with treatment time (r=-0.49, -0.79, P<0.001). Patients 
who were cured and effective in the study group were divided into group A while those who were effective and in-
effective were divided into group B. The serum of FGF-23 and α-SMA in group A after treatment were significantly 
lower than those in the control group (P<0.001). The ROC curve indicated that FGF-23 and α-SMA were effective 
in predicting treatment (P<0.001). Conclusion: The concentrations of FGF-23 and α-SMA significantly increased in 
patients with uremia, were negatively correlated with the time of AVF, which may be targeted therapy for uremia in 
the future. 
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Introduction

The complex of irreversible kidney damage syn-
dromes in the human body to the end stage 
leads to uremia. Patients with uremia cannot 
produce urine, metabolic wastes, glucose, am- 
ino acid, sodium through the kidneys [1, 2]. 
Uremia is not an independent disease but a 
comprehensive manifestation of renal failure 
[3]. Uremia is common in middle-aged and el- 
derly people, but studies have showed that 
many young people suffer from it [4, 5]. Cli- 
nically, uremia is a common chronic disease, 
with an increase of 130,000 patients each day 
in the world [6]. Accompanied by complications 
from the respiratory system and the blood sys-
tem, uremia has great harm to the human body 
[7]. Without specific symptoms in the early 

stage, patients often delay the treatment [8]. A 
study revealed that the 5-year survival rates of 
patients with late-stage uremi range from 
30.0% to 60.0% [9]. Accumulated from various 
diseases, patients with uremia is difficult to 
treat and has long rehabilitation cycle [9]. Eff- 
orts have been made to improve the treatment 
efficiency and prognosis of patients with ure-
mia. At present, the most common therapy for 
uremia is hemodialysis [10]. With the aging pop-
ulation and an increase of dialysis in recent 
years, patients with fistula or internal fistula 
dysfunction are commonly seen [11]. Therefore, 
patients with uremia were treated with hemodi-
alysis combined with arteriovenous fistula sur-
gery to improve vascular anastomosis and pro-
vide sufficient blood supply [12].
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At present, the pathogenesis of uremia has not 
been clarified. Some study suggested that the 
occurrence of uremia was related to calcium 
inhibitory factor in blood [13]. FGF-23 and 
α-SMA, the main factors leading to vascular 
calcification, was closely related to the occur-
rence and development of uremia [14]. There 
are few studies on the relationship of FGF-23, 
α-SMA and uremia at home and abroad. Th- 
erefore, the study aimed at the effect of FGF-23 
and α-SMA during the treatment, so as to pro-
vide a reference for diagnosis and treatment of 
uremia.

Materials and methods

A total of 82 patients with uremia in Hebei Uni- 
versity of Engineering Affiliated Hospital were 
treated as the study group, 67 males and 15 
females, aged 46 to 75, with an average age of 
(61.57±8.43). An additional 80 patients were 
treated as the control group, with 60 males and 
20 females, aged 42 to 76, with an average age 
of (62.33±9.27). The experiments were app- 
roved by the Ethics Committee of our hospital 
and patients signed informed consent.

Inclusion and exclusion criteria

Inclusion criteria were as follows: patients in 
the research group met the clinical perfor-
mance of uremia [15]. Patients who were diag-
nosed as uremia received arteriovenous fistula. 
Patients with complete clinical data cooperat-
ed with the medical staff. Exclusion criteria 
were as follows: presence of tumors, infectious 
diseases, connective tissue diseases; genetic 
disorders, severe organ failure, physical disabil-
ity, mental disorders.

Methods

Patients in the study group were treated with 
hemodialysis combined with arteriovenous fis-
tula in Hebei University of Engineering Affiliated 
Hospital. Blood flow of ulnar artery, radial artery 
and cephalic vein was evaluated by color Do- 
ppler flow imaging (CDFI). The skin and subcu-
taneous tissues were cut after anesthesia and 
the radial artery, cephalic vein and subcutane-
ous tissue were dissected and ligated. The liga-
tion end near the heart was cut off with hemo-
static forceps and clamped with surgical for-
ceps. Heparin physiological water was injected 
for 2 minutes. Then, the instruments were re- 

moved and the diameter of artery-vein shunt 
was observed. After arteriovenous anastomo-
sis, gauze with 0.9% sodium chloride solution 
was used to treat the anastomosis. 

Detection method

A volume of 4 mL of venous blood was taken 
from each patient before treatment (T0), 3 days 
after treatment (T1) and 7 days after treatment 
(T2), respectively and centrifuged for 10 min-
utes (4000 rpm/min) after placing at room tem-
perature for 30 minutes to obtain upper serum. 
FGF-23 and α-SMA were tested by enzyme-
linked immunosorbent assay (ELISA), of which 
FGF-23 kit was purchased from Shanghai He- 
ngfei Biotechnology Co., Ltd. SEA746Hu-1, α- 
SMA kit was purchased from Shanghai Fushen 
Biological Technology Co., Ltd., FSEA1144. The 
operation was in accordance with the kit ins- 
tructions. 

Observation indexes

The treatment effect of the study group was as 
follows: patients with no obvious clinical symp-
toms but normal urination were cured; patients 
significantly improved with creatinine (Scr) 
decreased 30% or below, blood urea nitrogen 
(BUN) decreased 30% or below were effective. 
There were still some clinical symptoms after 
treatment with Scr decreased 20% or below, 
BUN decreased 20% or below were effective. 
Symptoms that were unchanged or deteriorat-
ed were invalid. The concentrations of FGF-23 
and α-SMA before treatment and the changes 
of FGF-23 and α-SMA during the treatment 
were observed in the two groups.

Statistical methods

SPSS 24.0 statistical software (Beijing Strong-
Vinda Information Technology Co., Ltd.) was 
used to analyze the experimental results. All 
the graphs were drawn using Graphpad8 (Sh- 
enzhen Soft Head Technology Co., Ltd.) soft-
ware, and the results were repeated twice. 
Count data, such as curative effect of the study 
group, are expressed by [n (%)] and compared 
by the chi-square tests between the two groups. 
Measurement data such as concentration of 
FGF-23 and α-SMA are expressed by (mean ± 
standard deviation) and compared by t-tests. 
The comparison at different time points was 
analyzed by repeated measurement data. The 
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correlation was analyzed 
by a Spearman test.

Results

No significant difference 
in general data

There were no significa- 
nt differences in age, 
BMI, platelet, red blood 
cells, white blood cells, 
gender, place of residen- 
ce, smoking, drinking, sp- 
orts habit between the 
two groups (P>0.050). In 
the study group, primary 
diseases were 10.98% gl- 
omerulonephritis (9 cas- 
es), 37.80% hypertensi- 
ve nephropathy (31 cas- 
es), 30.49% diabetic ne- 
phropathy (25 cases), 
18.29% nephritis (15 ca- 
ses) and 2.44% other dis-
eases (2 cases; Table 1).

Serum levels of FGF-23 
and α-SMA are higher 
than that in the control 
group

The serum level of FGF-
23 in the study group  

differences of FGF-23 and α-SMA with different 
effects was analyzed by the ROC curve and the 

was (458.82±63.85) pg/mL, higher than that 
(385.82±31.85 pg/mL) of the control group 
(P<0.001). The serum level of α-SMA in the 
study group was (3.29±0.32) ng/mL, higher 
than that (2.49±0.62) ng/mL) in the control 
group (Figures 1 and 2).

Predictive value of FGF-23 and α-SMA are 
lower in uremia

According to the ROC curve, when the cut-off 
value of FGF-23 was 37.80, the sensitivity and 
specificity of uremia diagnosis were 98.75% 
and 60.95%, respectively. When the cut-off 
value of α-SMA was 13.41, the sensitivity and 
specificity were 73.75% and 60.34%, respec-
tively (Figures 3 and 4, Table 2).

Correlation between FGF-23, α-SMA are nega-
tively correlated with treatment time

FGF-23 at T0, T1 and T2 in the study group were 
(458.82±63.85) pg/mL, (424.63±51.04) pg/

Table 1. Comparison of clinical data of patients [n (%)] 
Research group 

(n=82)
Control group 

(n=80) t or χ2 P

Age 61.57±8.43 62.33±9.27 0.546 0.586
BMI 27.15±3.84 26.96±4.12 0.304 0.762
Platelet (×109/L) 228.63±42.86 216.96±50.15 1.594 0.113
Red blood cell (×1012/L) 3.86±1.06 3.60±1.15 1.49 0.136
White blood cell (×109/L) 7.63±2.56 7.05±3.84 1.134 0.259
Gender  1.076 0.300
    Male 67 (81.71) 60 (75.0)   
    Female 15 (18.29) 20 (25.00)   
Place of residence 0.800 0.371
    Town 75 (91.46) 76 (95.00)   
    Rural 7 (8.54) 4 (5.00)   
Smoking   0.193 0.660
    Yes 59 (71.95) 60 (75.00)   
    No 23 (28.05) 20 (25.00)   
Drinking   0.018 0.894
    Yes 48 (58.54) 46 (57.50)   
    No 34 (41.46) 34 (42.50)   
Sports habit   0.494 0.482
    Yes 12 (14.63) 15 (18.75)   
    No 70 (85.37) 65 (81.25)   
Primary underlying disease
    Glomerulus nephritis 9 (10.98)    
    Hypertensive nephropathy 31 (37.80)    
    Diabetic nephropathy 25 (30.49)    
    Nephritis 15 (18.29)    
    Other 2 (2.44)    

Figure 1. Comparison of FGF-23 in serum of patients 
between the research group and the control group. 
aindicates a comparison with the research group, 
P<0.001.
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mL and (405.96±36.87) pg/mL, respectively; 
While α-SMA were (3.29±0.32) ng/mL, (2.92± 
0.26) ng/mL and (2.51±0.12) ng/mL, respec-
tively. Spearman test indicated that FGF-23 
was negatively correlated with treatment time 
(r=-0.49, P<0.001), and α-SMA also negatively 
correlated with treatment time (r=-0.79, P< 
0.001; Figures 5 and 6).

Serum levels of FGF-23 and α-SMA are lower 
than that in the control group

In the study group, 31.71% (26 cases) were cu- 
red, 26.83% (22 cases) were effective, 35.37% 

(29 cases) were effective, and 6.10% (5 cases) 
were invalid. Patients who were cured and 
effective in the study group were divided into 
group A (48 cases) while those who were effec-
tive and ineffective were divided into group B 
(34 cases). The serum level of FGF-23 in group 

Figure 2. Comparison of α-SMA in serum of patients 
between the research group and the control group. 
aindicates a comparison with the research group, 
P<0.001.

Figure 3. Analysis of FGF-23 in diagnosis of uremia. 
According to the ROC curve, when the cut-off value 
of FGF-23 was 37.80, the sensitivity and specificity 
were 98.75% and 60.95%, respectively.

Figure 4. Analysis of α-SMA in diagnosis of uremia. 
According to the ROC curve, when cut-off value of 
α-SMA was 13.41, the sensitivity and specificity were 
73.75% and 60.34%, respectively.

Table 2. Predictive value of FGF-23 and 
α-SMA for uremia
 FGF-23 α-SMA
Cut-off 37.80 13.41
Area 0.85 0.82
Std. Error 0.03 0.04
95% CI 0.79~0.91 0.74~0.89
P <0.001 <0.001
Sensitivity (%) 98.75 73.75
Specificity (%) 60.95 60.34

Figure 5. Analysis of the correlation between FGF-23 
and treatment time. According to Spearman, FGF-23 
was negatively correlated with treatment time (r=-
0.49, P<0.001).
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Figure 8. Comparison of α-SMA in serum between 
group A and group B after treatment. aindicates a 
comparison with group A after treatment, P<0.001.

A after treatment was (379.78±25.80) pg/mL, 
lower than that (421.37±33.00 pg/mL) in group 
B (P<0.001). After treatment, the serum level 
of α-SMA in group A was (2.65±0.30) ng/mL, 
lower than that (3.08±0.36 ng/mL) in the con-
trol group (Figures 7 and 8).

Predictive value of FGF-23 and α-SMA are 
lower in the treatment of uremia

According to the ROC curve, the concentrations 
of FGF-23 and α-SMA in group A and group B 
were analyzed. When the cut-off value of FGF-
23 was 33.33, the sensitivity and specificity for 
predicting treatment effect were 90.63% and 
57.29%, respectively. When the cut-off value of 
α-SMA was 22.92, the sensitivity and specifici-

ty were 76.32% and 53.40%, respectively (Ta- 
ble 3, Figures 9 and 10).

Figure 6. Analysis of the correlation between α-SMA 
and treatment time. According to Spearman, α-SMA 
was negatively correlated with treatment time (r=-
0.79, P<0.001).

Figure 7. Comparison of FGF-23 in serum between 
group A and group B after treatment. aindicates a 
comparison with group A after treatment, P<0.001.

Table 3. Predictive value of FGF-23 and 
α-SMA in the treatment of uremia

FGF-23 α-SMA
Cut-off 33.33 22.92
Area 0.84 0.83
Std. Error 0.04 0.04
95% CI 0.75~0.93 0.75~0.92
P <0.001 <0.001
Sensitivity (%) 90.63 76.32
Specificity (%) 57.29 53.40

Figure 9. Analysis of FGF-23 for therapeutic effect 
according to ROC curve, when the cut-off value of 
FGF-23 was 33.33, the sensitivity and specificity 
were 90.63% and 57.29%, respectively.



Analysis of expression and correlation of FGF-23 and α-SMA

8029 Int J Clin Exp Med 2019;12(7):8024-8031

Discussion

Uremia is one of the most harmful chronic dis-
ease syndromes for middle-aged and elderly 
people and has a high mortality rate and diffi-
culty in treatment [16, 17]. Without timely treat-
ment, uremia is likely to cause pathological 
changes [18]. Therefore, uremia has been a hot 
topic in clinical research [19]. Currently, the 
pathogenesis of uremia has not been clarified. 
Studies have revealed that uremia is closely 
related with previous diseases [20]. Uremia 
can be diagnosed by means of urine routine, 
blood routine, renal function examination, im- 
aging and biopsy [21]. The study aimed at the 
changes of FGF-23 and α-SMA in the treatment, 
which is of great significance for targeted ther-
apy and diagnosis of uremia. Research on ure-
mia has been limited to the clinical treatment 
at home and abroad. The research objects is 
selected based on the inclusion and exclusion 
criteria and calculated with advanced statisti-
cal software. The roles of the FGF-23 and α- 
SMA in uremia are analyzed in detail. The re- 
sults are as follows. 

According to the experiment, data show that 
FGF-23 and α-SMA in the research group were 
significantly higher than those in the control 
group, indicating that FGF-23 and α-SMA were 
involved in the development of uremia. FGF-23, 
a serum phosphorus regulatory protein secret-
ed by bone cells, has a great influence on inor-
ganic phosphorus metabolism of the kidney 
[22]. Serum phosphorus is the main cause of 
vascular calcification [23]. FGF-23 promotes 

urine phosphorus excretion by inhibiting phos-
phorus reabsorption in proximal renal tubules, 
thus lowering the activity of 1a-hydroxylase in 
the kidneys, reducing absorption and metabo-
lism of nutrients in renal function. The dynamic 
balance was destroyed, causing kidney disease 
and some metabolic diseases, or even uremia. 
α-SMA, a marker protein that differentiated 
into myofibroblasts, not only promotes the mes-
enchymal-mesenchymal transition in epithelial 
cells, but also regulates the synthesis and deg-
radation of extracellular matrix [24, 25]. The 
increase of α-SMA in patients with uremia may 
be peritoneal damage of organ epithelial cells, 
resulting in mesenchymal-mesenchymal transi-
tion of epithelial cells, during which the intercel-
lular junction, skeleton arrangement and the 
original structure of basement membrane are 
destroyed. Substances exhibited fluidity form 
and deposited rapidly, resulting in a wide range 
of organ peritoneal fibrosis. The diagnostic 
value of FGF-23 and α-SMA for uremia was ana-
lyzed by the ROC curve. When the cut-off value 
of FGF-23 was 37.80, the sensitivity and speci-
ficity of uremia diagnosis were 98.75% and 
60.95%, respectively. When the cut-off value of 
α-SMA was 13.41, the sensitivity and specifici-
ty were 73.75% and 60.34%, respectively. FGF-
23 and α-SMA with diagnostic value for uremia, 
are likely to be a new diagnostic marker for ure-
mia. According to the correlation analysis of 
Spearman, FGF-23 and α-SMA, negatively cor-
related with the treatment time of uremia, 
could be predictors of deterioration and reha-
bilitation of patients with uremia, which is con-
ducive to the evaluation of patients. Further- 
more, patients with uremia were divided into 
group A with better efficacy and group B with 
poor efficacy and the ROC curve were used to 
analyze the differences in FGF-23 and α-SMA 
between group A and group B. Data showed 
that the cut-off value of FGF-23 was 33.33, the 
sensitivity and specificity for predicting thera-
peutic effect were 90.63% and 57.29%, respec-
tively. When the cut-off value of α-SMA was 
22.92, the sensitivity and specificity were 
76.32% and 53.40%, respectively. Thus, FGF-
23 and α-SMA may be potential therapeutic tar-
gets for uremia in the future, which is of clinical 
significance.

In this study, concentrations of FGF-23 and 
α-SMA in the serum of patients were analyzed. 
With limited experimental conditions, the me- 

Figure 10. Analysis of α-SMA for therapeutic effect 
according to the ROC curve, when the cut-off value of 
α-SMA was 22.92, the sensitivity and specificity were 
76.32% and 53.40%, respectively.
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chanism for diagnosis of FGF-23 and α-SMA 
need to be proved. Moreover, blood samples 
from patients, instead of FGF-23 and α-SMA in 
the tissue, were selected as the research 
object. ELISA was also used due to limited 
funds. Furthermore, short experimental peri-
ods cannot deliver the prognosis of FGF-23 and 
α-SMA for patients with uremia. A follow-up sur-
vey on the subjects will be conducted for the 
relationship between FGF-23, α-SMA and 
uremia. 

In summary, the concentrations of FGF-23 and 
α-SMA in patients increased significantly and 
were negatively correlated with arteriovenous 
fistula in hemodialysis, which may be potential 
therapeutic targets for uremia in the future.

Disclosure of conflict of interest

None.

Address correspondence to: Xiaoying Wang, De- 
partment of Nephrology, Hebei University of En- 
gineering Affiliated Hospital, No.81 Congtai Road, 
Congtai District, Handan City 056002, Hebei 
Province, China. Tel: +86-0310-3130866; E-mail: 
ingxyw66@163.com

References

[1] Dioguardi M, Caloro GA, Troiano G, Gianna- 
tempo G, Laino L, Petruzzi M and Lo Muzio L. 
Oral manifestations in chronic uremia patients. 
Ren Fail 2016; 38: 1-6.

[2] Eknoyan G. A history of uremia research. J Ren 
Nutr 2017; 27: 449-452.

[3] Barreto FC, Barreto DV and Canziani MEF. 
Uremia retention molecules and clinical out-
comes. Contrib Nephrol 2017; 191: 18-31.

[4] Sirago G, Conte E, Fracasso F, Cormio A, Fe- 
hrentz JA, Martinez J, Musicco C, Camerino 
GM, Fonzino A, Rizzi L, Torsello A, Lezza AMS, 
Liantonio A, Cantatore P and Pesce V. Growth 
hormone secretagogues hexarelin and JMV- 
2894 protect skeletal muscle from mitochon-
drial damages in a rat model of cisplatin-in-
duced cachexia. Sci Rep 2017; 7: 13017.

[5] Rehman IU, Idrees MK and Shoukat. Outcome 
of end-stage renal disease patients with ad-
vanced uremia and acidemia. J Coll Physicians 
Surg Pak 2016; 26: 31-35.

[6] Cirillo L, Cutruzzula R, Somma C, Gregori M, 
Cestone G, Pizzarelli C, Toccafondi A, Pizzarelli 
F and Dattolo PC. Depressive symptoms in di-
alysis: prevalence and relationship with ure-
mia-related biochemical parameters. Blood 
Purif 2018; 46: 286-291.

[7] Keller RW, Bailey JL, Wang Y, Klein JD and 
Sands JM. Urea transporters and sweat re-
sponse to uremia. Physiol Rep 2016; 4: 
e12825.

[8] Hanify JM, Dupree LH, Johnson DW and Fer- 
reira JA. Failure of chemical thromboprophy-
laxis in critically ill medical and surgical pa-
tients with sepsis. J Crit Care 2017; 37: 206-
210.

[9] Kunos CA and Kohn EC. Editorial: new ap-
proaches to radiation-therapeutic agent can-
cer care for women. Front Oncol 2017; 7: 276.

[10] Saardi KM and Schwartz RA. Uremic frost: a 
harbinger of impending renal failure. Int J 
Dermatol 2016; 55: 17-20.

[11] Wu HY, Peng YS, Chen HY, Tsai WC, Yang JY, 
Hsu SP, Pai MF, Lu HM, Chiang JF, Ko MJ, Wen 
SY and Chiu HC. A comparison of uremic pruri-
tus in patients receiving peritoneal aialysis and 
hemodialysis. Medicine (Baltimore) 2016; 95: 
e2935.

[12] Sirich TL, Fong K, Larive B, Beck GJ, Chertow 
GM, Levin NW, Kliger AS, Plummer NS, Meyer 
TW; Frequent Hemodialysis Network (FHN) 
Trial Group. Limited reduction in uremic solute 
concentrations with increased dialysis fre-
quency and time in the frequent hemodialysis 
network daily trial. Kidney Int 2017; 91: 1186-
1192.

[13] Smith ER. Vascular calcification in uremia: 
new-age concepts about an old-age problem. 
Methods Mol Biol 2016; 1397: 175-208.

[14] Zhang Q, Liu L, Lin W, Yin S, Duan A, Liu Z and 
Cao W. Rhein reverses Klotho repression via 
promoter demethylation and protects against 
kidney and bone injuries in mice with chronic 
kidney disease. Kidney Int 2017; 91: 144-156.

[15] Kato H, Nangaku M, Hataya H, Sawai T, Ashida 
A, Fujimaru R, Hidaka Y, Kaname S, Maruyama 
S, Yasuda T, Yoshida Y, Ito S, Hattori M, Miya- 
kawa Y, Fujimura Y, Okada H, Kagami S; Joint 
Committee for the Revision of Clinical Guides 
of Atypical Hemolytic Uremic Syndrome in 
Japan. Clinical guides for atypical hemolytic 
uremic syndrome in Japan. Pediatr Int 2016; 
58: 549-555.

[16] Raghavan R and Eknoyan G. Uremia: a histori-
cal reappraisal of what happened. Clin Nephrol 
2018; 89: 305-313.

[17] Lin XH, Lin CC, Wang YJ, Luo JC, Young SH, 
Chen PH, Hou MC and Lee FY. Risk factors of 
the peptic ulcer bleeding in aging uremia pa-
tients under regular hemodialysis. J Chin Med 
Assoc 2018; 81: 1027-1032.

[18] Tsai MT and Tarng DC. Beyond a measure of 
liver function-bilirubin acts as a potential car-
diovascular protector in chronic kidney disease 
patients. Int J Mol Sci 2018; 20. 

[19] Sun CY, Lin CJ, Pan HC, Lee CC, Lu SC, Hsieh 
YT, Huang SY and Huang HY. Clinical associa-



Analysis of expression and correlation of FGF-23 and α-SMA

8031 Int J Clin Exp Med 2019;12(7):8024-8031

tion between the metabolite of healthy gut mi-
crobiota, 3-indolepropionic acid and chronic 
kidney disease. Clin Nutr 2018; 15: 340-354.

[20] Hews-Girard J, Guelcher C, Meldau J, McDonald 
E and Newall F. Principles and theory guiding 
development and delivery of patient education 
in disorders of thrombosis and hemostasis: 
Reviewing the current literature. Res Pract 
Thromb Haemost 2017; 1: 162-171.

[21] Mathew RO, Bangalore S, Lavelle MP, Pellikka 
PA, Sidhu MS, Boden WE and Asif A. Diagnosis 
and management of atherosclerotic cardiovas-
cular disease in chronic kidney disease: a re-
view. Kidney Int 2017; 91: 797-807.

[22] Fajol A, Honisch S, Zhang B, Schmidt S, Alkah- 
tani S, Alarifi S, Lang F, Stournaras C and Foller 
M. Fibroblast growth factor (Fgf) 23 gene tran-
scription depends on actin cytoskeleton reor-
ganization. FEBS Lett 2016; 590: 705-715.

[23] Bennett MR, Pyles O, Ma Q and Devarajan P. 
Preoperative levels of urinary uromodulin pre-
dict acute kidney injury after pediatric cardio-
pulmonary bypass surgery. Pediatr Nephrol 
2018; 33: 521-526.

[24] Shinde AV, Humeres C and Frangogiannis NG. 
The role of alpha-smooth muscle actin in fibro-
blast-mediated matrix contraction and remod-
eling. Biochim Biophys Acta Mol Basis Dis 
2017; 1863: 298-309.

[25] Sun KH, Chang Y, Reed NI and Sheppard D. 
Alpha-smooth muscle actin is an inconsistent 
marker of fibroblasts responsible for force-de-
pendent TGFbeta activation or collagen pro-
duction across multiple models of organ fibro-
sis. Am J Physiol Lung Cell Mol Physiol 2016; 
310: L824-L836.


