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Abstract

 Chronic Kidney Disease (CKD) is one of most common cause of mortality which results from 

multiple reasons including oxidative stress. One of the main novel risk factors is oxidative stress, which 

occurs when there is overproduction of Reactive oxygen species (ROS) or a reduction in antioxidant defense 

capacity. Oxidative stress is involved in the progression of renal injury, pathogenesis of atherosclerosis, and 

exacerbation of disease burden in CKD patients. The current study was performed to identify the effect of 

FGF21 growth factor in Renal Failure (RF) patients focusing on it is role on the oxidative processes. This 

present study comprises 100 patients diagnosed clinically and serologically with renal failure (52 males and 

48 females) and their age varies from 17 to 80 years and 30 healthy individuals as a control group. Serum 

FGF21 concentrations were measured using a commercially available ELISA kit. The results showed FGF21 

has significantly increased (257.8±12.98 pg/ml) in RF patients compared with healthy control (p <0.05). On 

other hand, the result showed FGF21 level not influenced by the age of patients (p >0.05). However, FGF21 

elevated gradually with advance the severity of the RF disease and the highest value showed in end stage of 

renal failure disease. 
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1. Introduction 

Oxidative stress (OS) is attributable to the 

presence of free radicals or radical generating 

mediators in concentrations that overwhelm 

natural scavenging mechanisms or radical 

blocking. The antioxidant protection system 

initiates and increases the processes of 

pathogenesis of many diseases. Oxidation of 
biomolecules can play a role in vulnerability to 

many diseases. Oxidative stress determines an 

imbalance between the formation of reactive 

oxygen species and antioxidant protection that  
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determines the tissue damage. It results from an 

unbalance between an extreme generation of 

oxidant compounds an insufficient antioxidant 

defense mechanisms. Production of oxidative 

compounds is physiologically essential as part of a 

protection mechanism(Boaz et al., 2000). 

Fibroblast growth factor 21, a member of 

the FGF family is an endocrine hormone rather 

than regulating cellular proliferation and 

differentiation, also  that regulates the glucose and 

lipid metabolism as well as the responses to 

several stresses (Ye et al., 2016). FGF21 is 

secreted mainly by the liver and adipose tissue 

into the blood (Cheng et al., 2016). Circulating 
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FGF21 levels are elevated in various metabolic 

disease states, such as obesity, insulin resistance, 

and type 2 diabetes mellitus (Kohara et al., 2017). 

Furthermore, FGF21 was found to closely 

associated with renal dysfunction in end-stage 

renal disease subjects (Lin et al., 2011). Besides, 

the circulating FGF21 level increases 

progressively from the early to end stages of 

Chronic Kidney Disease (CKD) and is associated 

with the renal function. Recently, study has 

suggested that FGF21 may play a role in reduced 

the pathogenesis of renal diseases, and improved 

renal lipid metabolism and oxidative stress injury 

(Yu et al., 2019). 

 Many chronic diseases are associated with 

an increased intracellular oxidative stress. Several 

intracellular disturbances including mitochondrial 

disorders that impair the Oxidative 

Phosphorylation and cause a diminished 

production of ATP, induce elevation of FGF21 

serum concentration. Thus, it has been proposed 

as a serological marker in mitochondrial diseases 

(Gavrilova and Horvath, 2013). Other kinds of 

intracellular stressors such as disruption of the 

Endoplasmic reticulum (ER), Calcium 

Homeostasis, and alteration of the ER redox 

balance (Wan et al., 2014) could induce FGF21 

expression. Although, the mechanisms by which 

FGF21 responds to oxidative stress are still 

subject of research, it is currently considered an 

important stress response hormone. However, 

FGF21 has been considered a novel regulator of 

oxidative stress in humans. In cultured endothelial 

cells treated with oxidized low-density 

lipoproteins, an increased FGF21 mRNA 

expression and protein concentration was 

observed. The FGF21 gene promoter has specific 

response elements (amino acid-responsive element 

[AARE1 and AARE2]) that are activated by the 

activating transcription factor 4 (ATF4), which is 

in turn, stimulated by ER stress produced by 

amino acid deprivation or oxidative stress 

(Gómez-Sámano et al., 2017). 

2. Materials and Methods 

Study subjects   

 The total of 100 renal failure patients has 

participated in this study (48 females and 52 

males). Also, the study included 30 (18 males and 

12 females) healthy volunteers as control group, 

who had no pathological state at the time of the 

study. All individuals in the control group were 

matched to patients in gender and age groups. 

Blood samples and their sera were taken from 

hospitalized RF patients. The patients divided into 

three age groups, youth (25<), middle aged (26 - 

55), and elderly (56>) for statistical analysis to see 

the effect of age on FGF21 in RF patients. The 

study protocol in agreement with ethics of Al- 

Zahraa Teaching Hospital, and all subjects gave 

written informed consent. 

Stages of Renal Failure 

 The National Kidney Foundation’s as part 

of its Kidney Disease Outcomes Quality Initiative 

(NKF KDOQI) clinical practice guidelines, 

proposed classification. This system is calculated 

from the Estimated Glomerular Filtration Rate 

(eGFR) based on severity determined by renal 

function levels. The MDRD  equation was used to 

calculate eGFR  and that proposed by Lamb et al. 

(2007) as following : 

MDRD eGFR = 186 × [serum creatinine 

(mg/dL)]
−1.154

 × (age)
−0.203

 ×  (0.742 if female) 

 According to GFR value and MDRD 

equation, the RF patients classified in to five 

stages. The prevalence of patients in this study 

according to the RF staging showed as Stage 1 (5 

%), Stage 2 (7 %), Stage 3A (19 %), Stage 3B (22 

%), Stage 4 (19 %), and Stage 5 (dialysis patients)  

(28 %). 

Materials  

 Blood samples (3 ml) enabled to clot in the 
gel tube for few minutes at the temperature of 

room, after that placed in centrifuge at 1500 rpm 

for 5 min to get blood serum. The serum was 

separated in Eppendorf tubes. Whole samples 

were tagged with a serial number and name, and 

then frozen at -70 °C for ELISA assay procedure, 

once thawed, refreezing must avoid. 

 
Determination of FGF21 concentrations 

 Serum FGF21 concentrations were 

measured using a commercially available ELISA 
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kit. ELISA assay were completed according to the 

instructions of manufacture company 

(Elabscience). 

 

Statistical analysis 

 Data were translated into a computerized 

structure .thedata are presented as means ± 

Standard deviation (SD). SPSS version 25 and 

Microsoft Excel 2010 Computer software was 

used for conducted Statistical analysis. Prevalence 

of variable as gender, age is detected by 

approximate percent. Data were normally 

distributed, an unpaired t-test was used to compare 

the difference between patients with RF and 

control. An estimate was considered statistically if 

its P value was less than 0.05.  

3. Results   

 Data in Table - 1 indicates significant 

elevations of FGF21 levels for patients with RF 

(257.8 ± 12.98 pg/ml) when compared to control 

group (69.2±14.14 pg/ml) (p<0.05). Besides, mean 

concentration of FGF21 was significantly 

increased in male patients with RF (278.6±28.55 

pg/ml) compared with males control group 

(77.1±17.98 pg/ml) (p<0.050). On other hand, 

mean concentration of FGF21 was significantly 

increase in female patients with RF (236.9±35.69 

pg/ml) compare to females control group 

(65.1±33.31 pg/ml) (p<0.05). Also, we observed 

no difference in the levels of FGF21 between 

males and females RF patients with p-value 

(>0.05). 

 

 
  LSD =least significant difference;**= No-Significant (p>0.05) 

The Effect of Age on Serum FGF21 

Concentration in RF Patients  

 The concentration of FGF21 for RF 

patients was slightly increased with advance age 

especially in elderly patients (176.92, 248.71 and  

 

 

 

 

266.2 pg/ml), this difference was no significant 

among three age groups with p- value (>0.05). 
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The Serum Concentration of FGF21 according 

to Staging of RF Disease   

 The results showed the mean concentration 

of FGF21 was distributed according to stages of 

RF diseases as follow (70.98 for S1, 100.45 for 

S2, 169.43 for S3A, 182.77 for S3B, 224.06 for 

S4, 319.69 pg/ml for S5). The result detected that  

FGF21 level increases with progressive stages of 

disease and showed  statistically high  variance 

among 5 stages of disease  with p(<0.05) and the 

stage 5 (when patients undergo  to dialysis 

treatment also called ESRD) showed highest level 

of FGF21 among other pre-dialysis patients 

stages. 

 

 
                 LSD; least significant difference; * = Significant (p<0.05) 

4. Discussion 

 The findings revealed a statistical increase 

in FGF21 serum concentration in RF patients 

compared with healthy control group. Our results 

corresponds to previous studies (Kiluk et al., 

2019; Nakano et al., 2019; Byun et al., 2020). 

Regarding the differences in FGF21 concentration 

between males and females of RF patients, this 

result was coming in consistent with the result of 

Lin et al. (2011) and Zuzanna et al. (2019). 

However, this study disagree with Marchelek-

Myśliwiec et al. (2019) who observed 

significantly  lower FGF21 serum concentrations 

for females vs male RF patients. 

 According to age, the result in Table - 2 

showed FGF21 level not affected with age of 

patients. Our study agree with the previous 

research by Crasto et al. (2012); Anuwatmatee et 

al. (2019). We think the age is not the main factor 

to rise the FGF21 level in patients. The 

concentrations may be higher in individuals with 

poorer renal function because of inability of the 

kidneys to clear FGF21 in the urine. Data in Table 

- 3 reveals to the level of FGFG 21 concentration 

based on RF stages. The results agree with the 

previous study by  Suassuna et al. (2019) who 

found the serum FGF21 levels increase 

progressively with the loss of renal function,  

 

reaching 20 times normal values in end-stage renal 

disease.  

 In patients with Chronic Kidney Disease 

(CKD), higher serum FGF21 levels correlate with 

poorer metabolic profile, higher inflammatory 

markers, more comorbidities, and higher 

mortality. The high serum FGF21 levels are above 

and beyond what can be explained by the loss of 

FGF21 renal clearance, suggesting increased 

production and/or impaired non-renal clearance. 

Previous studies suggest that factors present in 

ESRD, such as uremic toxins, metabolic acidosis, 

hypophosphatemia, chronic inflammation and 

increased oxidative stress, insulin resistance and 

metabolic syndrome may contribute to the 

elevation of serum FGF21 levels in ESRD 

(Marchelek-Myśliwiec et al., 2019). 

 Plasma FGF21 levels are significantly 

increased with the development of early- to end-

stage CKD and are independently associated with 

renal function and adverse lipid profiles. Median 

circulating FGF21 level in end-stage CKD patients 

was 10-fold higher compared with normal subjects 

(P<0.0001); and about 3.5 fold higher compared 

with the early-stage CKD patients (P<0.0001). 

Previous studies indicated that serum FGF21 

concentration was 15-fold higher in chronic 
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hemodialytic patients (CKD end-stage) than 

normal subjects and was associated significantly 

with the loss of renal function (Lin et al., 2011). 

 Oxidative stress is known to be a 

pathogenic mechanism in the induction of chronic 

kidney disease. Oxidative stress results from an 

imbalance between free radical production and the 

antioxidant defense reduction. Antioxidants, 

therefore, are effective to ameliorate chronic renal 

failure caused by oxidative stress (Nasri, 2017). 

Recent findings suggest that FGF21 is now 

considered a stress-responsive hormone in humans 

and the increment FGF21 level protects tissue 

from an increased oxidative stress environment, in 

order synthesized and released to decrease cell 

damage. Accordingly, either extrinsic stressors 

such as hypoxia, oxidative stress and glucose or 

amino acids deprivation, or intrinsic stressors such 

as mitochondrial or endoplasmic reticulum stress 

can drive the expression of FGF21 in several 

tissues. Once FGF21 secreted, it participates in 

protective autocrine or paracrine loops that 

increase cellular stress resistance, through 

mechanisms such as, mitochondrial respiratory 

capacity intensification and activation of anti-

oxidation, autophagy enhancement and 

inflammation reduction mechanisms (Suassuna et 

al., 2019). 

 Many chronic diseases are associated with 

an increased intracellular oxidative stress and 

these disturbances are associated with an increased 

expression of FGF21. Mitochondrial disorders that 

impair the Oxidative phosphorylation and cause a 

diminished production of ATP, induce elevation 

of FGF21 serum concentration. Other kinds of 

intracellular stressors such as autophagy 

deficiency, disruption of the Endoplasmic 

reticulum (ER), Calcium homeostasis, and 

alteration of the ER redox balance could induce 

FGF21 expression. Although, the mechanisms by 

which FGF21 responds to oxidative stress are still 

subject of research, it is currently considered an 

important stress response hormone (Gómez-

Sámano et al., 2017). 

 

5. Conclusion 

 Our results concluded that theFGF21 

serum concentration correlated with pathogenesis 

and progression of RF disease in related to 

oxidative stress. 
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