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ABSTRACT 
 

Background: Chronic kidney disease (CKD) is a major health problem, it is characterized by progressive destruction of functional 
nephrons, which finally cause end stage kidney disease. Also acute kidney disease (AKD) is a serious condition characterized by acute 
loss of kidney function with variable degree up to renal failure. One of the important factors in the regulation of cell growth is the 
hepatocyte growth factor (HGF) which is well known as a mesenchyme-derived pleiotropic, in addition, HGF is playing a role in the 
morphogenesis of different kinds of cells and cell motility. HGF is a potent renotropic protein that promotes tubular repair and renal 
regeneration after injurious stimuli. Aim: The aim of the work was to study the correlation between serum HGF level and renal 
functions of patients with AKD and CKD, including hemodialysis patients. Materials: The study included 62 patients that divided into 
five groups (of different stages of chronic CKD ((I – V) and AKD in compare to patients with normal renal functions (not including 
patients with; renal transplantation, malignancies, liver diseases, Pregnancy and lung diseases). All patients were subjected to through 
case history, clinical examination, chest X ray, abdominal U/S, examination, (BUN, serum creatinine, liver function tests), estimation 
of GFR by MDRD equation, and serum level of HGF. Results: There was significant increase of serum HGF level in AKI and CKD 
patients of stages I, II, III and IV, and prompt in patients of stage V specifically patients on regular hemodialysis. Also there was 
significant correlation between renal sonographic appearance and the serum HGF level as well as the degree of nephropathy and age. 
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Introduction 

Worldwide, Chronic kidney disease (CKD) represent a major 
health crisis because it has elevated incidence during early and 
final (renal failure) phases, and also due to the elevation in 
hospital coasts beside improper response to the therapy [1]. 
The pathogenesis of CKD is illustrated by continuous increase 
in the loss of the parenchyma of kidney and the increase in the 
destruction of active nephrons, which leads to failure of the 
kidney function and ended with chronic kidney disease [2]. The 
mechanism of action of CKD is not known completely, but the 
disease slowly progress, and leads to the loss of active nephrons, 

so the body try to compensate the activity of nephrons through 
stimulation of both molecular and cellular procedures, leading 
to increase in the growth of the inactive or the rest of nephrons 
[3]. 
Chronic renal failure is considered as one of the major risk 
factors that threaten the life of peoples, worldwide. The rising 
rate of peoples suffering yearly from end stage kidney disease 
carry a most important public and economic load on most 
countries and there are three principal choices for renal 
replacement therapy (RRT), comprising peritoneal dialysis 
(PD), hemodialysis (HD) and finally renal transplantation [4]. 
The method of hemodialysis aims to clear the body from waste 
products like, urea and creatinine and withdrawn free water 
from the blood in cases of renal failure [5]. 

Hepatocyte Growth Factor (HGF) consists of 69 kDaα-chain 

and a 34 kDaβ-chain, a heterodimer molecule derived from the 
mesenchyma, possess both pleiotropic, and multifunctional 
cytokines [6]. 
HGF is produced from different tissues such as liver, kidney, 
lung and spleen. It exerts multiple biological activities on 
different cell types as in injured tissues. It helps tissue repair and 
regeneration rapidly as it has great role in stimulation of 
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hepatocytes and renal cells’ proliferations especially in acute 
kidney disease [7]. 
The role of HGF is dual, where it carry anti-apoptotic, 
morphogenic and mitogenic behavior on kidney cells and 
subsequent acute kidney damage, the HGF receptor c met is 
released primarily in kidney tubular epithelium together with 
ablation of c – met in renal tubules enhance renal inflammation 
and chemokine appearance post acute kidney infection (AKI) [8]. 
It appears to stimulate renal repair in acute renal failure and it 
may play a role in chronic kidney disease by counteracting tissue 
fibrosis with elevation of serum HGF levels in patients with 
chronic kidney disease, and it has been proposed that the 
altitude of HGF is interrelated with renal functions [9]. 

Patients and Methods 

The current study was conducted in the period extending from 
July 2017 to April 2018 in Internal Medicine Department, 
Nephrology and Dialysis Unit of Theodor Bilharz Research 
Institute (TBRI) , Egypt. 

Subjects:  
62 patients with acute, chronic kidney disease and end stage 
kidney disease on regular hemodialysis with (age between 18-80 
years; Males and females), patients with AKI due to either 
glomerular or tubular interestial or vascular causes, patients 
with chronic kidney diseases due to either glomerular or tubular 
or vascular and poly cystic kidney disease, patients with end 
stage kideny disease on regular hemodialysis receiving 3 sessions 
of hemodialysis per week, each session was 4 hours and 
duration of dialysis more than 2 months. 
Patients with renal transplantation, malignancies, liver diseases, 
Pregnant women, severe inflammatory or severe concomitant 
diseases, and lung diseases were not included. 

Operational design: 
The study is a case control study in which 62 patients are 
divided into four groups: Group 1 (control group): Including 
10 patients (4 males and 6 females), with normal renal 
functions: normal serum creatinine (0.3-1.1 mg/dl), normal 
BUN (6-20 md/dl) and eGFR (>90 mL/min/1.73 m2). Group 
2: Including 6 patients (5 males and 1 females) of satges I and II 
of chronic kideny disease: with GFR of ≥60 mL/min/1.73 m2. 
Group 3:10 patients (3 males and 7 females) of stages III and IV 
of chronic kideny disease: with GFR of 15- 59 mL/min/1.73 
m2. Group 4: 26 patients (14 males and 12 females) with 
chronic kidney disease of stage V and ESKD patients with 
regular hemodialysis including 6 patients of chronic kidney 
disease stage V and not on regular hemodialysis and 20 patients 
of end stage kidney disease and on regular hemodialysis 
receiving 3 sessions of hemodialysis per week, each session 4 
hours, duration of dialysis more than 2 months, and the type of 
hemodialysis solution is bicarbonate and GFR of <15 
mL/min/1.73 m2 or dialysis. Group5: 10 patients (5 males and 
5 females) of Acute renal failure with percentage increase in 

serum creatinine of ≥ 50% and GFR of 15- 59 mL/min/1.73 
m2. 

 

Methods 
All patients were subjected to full history, full clinical 
examination, laboratory investigations (serum creatinine, serum 
urea, serum sodium and serum potassium); estimation of GFR 
was done by MDRD equation: 
MDRD equation=186 × Scr

-1.154 × Age-0.203 × (1.212 if black) × 
(0.742 if female). Liver functions (liver enzymes - serum 
albumin) and serum hepatocyte growth factor were also 
calculated. Also, patients were subjected to pevli-abdominal 
ultrasonography, and Chest X-ray. Renal biopsy was done for 
patients with glomerulonephritis. 

Human HGF Assay 
Serum samples were collected from participants and stored at -
70 °C. We use BioSource international, Inc. hHGF kits which is 
a solid phase sandwich Enzyme Linked Imluo-Sorbent Assay 
(ELISA). 

Principle of the method 
A monoclonal antibody specific for hHGF coated onto the wells 
of the micro-titer strips were provided. Samples including 
standards of known hHGF content, control specimens, and 
unknowns, were pipetted into these wells, followed by the 
addition of a second monoclonal biotinylated antibody. 
During the first incubation, the hHGF antigen binds 
simultaneously to the immobilized (capture) antibody on one 
site, and to the solution phase biotinylated antibody on a second 
site. After removal of excess second antibody, Streptavidin- 
peroxidase (enzyme) is added. This binds to the biotinylated 
antibody to complete the four- member sandwich. After a 
second incubation and washing to remove the entire unbound 
enzyme, a substrate solution is added, which acts upon by the 
bound enzyme to produce color. The intensity of this colored 
product is directly proportional to the concentration of hHGF 
present in the original specimen. 

Reagents  
hHGF standard, recombinant hHGF, hHGF control, and 
recombinant hHGF in serum matrix were lyophilized. Once 
reconstituted, it was stored at -20C or below, and repeated 
freeze thaw cycles were avoided. _Standard diluents Buffer 
contains 15 ml sodium azide; 25 ml per bottle. _Incubation 
buffer, contains 8 ml sodium azide; 6ml per bottle. _ hHGF 
antibody-coated Welss, 96 wells per plate. _hHGF Biotin 
conjugate (Biotin-labeled anti-HGF), contains 15 ml sodium 
azide; 6 ml per bottle. -Streptavidin-peroxidase (HRP; 100x) 
concentrate, contains 2.5 ml thymol; 0.125 ml per vial. _Wash 
Buffer concentrate (25x); 100 ml per bottle. _Stabilized 
Chromogen, tetramethylbezidine (TMB); 25 ml per bottle. 
_Stop solution; 25 ml per bottle. _Plate Covers, adhesive 
strips. 
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Human HGF assay procedure 
Thereagents and standards were prepared. 50 µl of sample 
(serum and standard) was added to wells; then a- 50 µl of 
incubation buffer, b- 50 µl of biotin conjugate, c- 50 µl of 
biotin conjugate were added, and incubated for 2 hours at room 
temperature, aspirated and washed 4 times. Then, 100 µl of 
stabilized Chromogen was added and incubated for 30 minutes 
at room temperature. 100 µl of stop solution was added, then 
plate is read at 450 nm by ELIZA reader. 

Administration design 
Approvals were obtained from governmental departments, 
ethical committee of TeodorBilharz Research Institute 
institutional review board (IRB) and from patients included in 
the study. 

Results  

In our study, we found that there is significant increase of serum 
HGF in the patients with CKD (all stages) as well as the patients 
with chronic renal failure on regular hemodialysis and patients 
with AKD. 
In control group was with mean value of 410.2 ± 87.5ng/L. 
There were normal levels of HGF in correlation to normal 
kidney function and liver functions.  
In group 2 (CKD stages I and II) there were mild to moderate 
increase of HGF levels with mean serum HGF value of 713.3 ± 
123.9 ng/L, while there were more increase of the 
concentration of HGF in the serum in group 3 (CKD stages III 
and IV) with mean value of 1039 ± 165.8 ng/L. In group 4 
(CKD stage V including hemodialysis patients) there were 
prompt increase of levels of serum HGF with mean value of 
1616.5 ± 324.5 ng/L, especially in hemodialysis patients. Our 
study results showed significant correlation between different 
stages with different eGFR of CKD with serum HGF levels.  
The increase of HGF levels on Hemodialysis patients was more 
than the patients with chronic kidney stages I, II, III and IV. 
In group 5 (AKD) there was mild to moderate increase of HGF 
levels with mean serum HGF value of 600.2 ± 98.57ng/L. 
 

Table 1: Gender distribution among studied groups 
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4.82 

 
 

.185 

% 60.0% 16.7% 70.0% 46.2% 50% 

Male 
No. 4 5 3 14 5 
% 40.0% 83.3% 30.0% 53.8% 50% 

This table showed that there were no statistical significant 
differences between two groups regarding sex. 

Table 2: Age and Weight of the studied groups 
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89.1 

±13.5 
77.2 
±16 

80.2 
±15.1 

89.3 
±13.6 

75.2 
±15 

1.982 .129 

This table showed that there were high statistical significant 
differences between different groups as regarding age, while 
there was no statistical significance as regarding weight. 

Table 3: Mean±SD value of HGF in ng/dl in each group 
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410.2  
± 87.5 

713.3  
± 123.9 

1039  
± 165.8 

1616.5 
 ± 324.5 

600.2  
± 98.5 

65.48 <0.001** 

This table shows significant difference among different groups 
as regarding serum level of HGF. 

Table 4: Post-hoc test using least significant difference 
(LSD), to indicate which groups were significantly different 

from which others 

LSD Group1 
(Control) Group 2 (I – II) Group 3 (III – IV) 

 (N=10) (N=6) (N=10) 
(Group 4)   V < 0.001** < 0.001** < 0.001** 

( Group 3)  III – IV < 0.001** 0.015* 
 

(Group 2)  I – II 0.024*  
** Highly Significant 

 

This table shows high significant difference of group 4 from 
others groups, while there was high significant difference of 
group 3 with control group, significant difference with group 2, 
and least significance difference between group 2 and group 1 
(control). 

 
Figure 1: Comparison between the different groups regarding 

the mean level of serum HGF 
 

Table 5: Comparison among the five groups regarding 
mean± SD value of certain studied parameters in each 

group: 
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113. 
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1.1  
± 0.2 
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± 0.6 

9.8  
± 3.3 

2.5  
± 0.5 

54. 
106 <0.001** 

 
This table shows high significant difference among different 
groups as regarding serum albumin, eGFR, BUN and serum 
creatinine but no significant difference regarding serum ALT, 
serum AST, serum K+ and serum Na+. 
 

Table 6: Mean value of S.HGF (ng/L) in the different 
sonographic groups 
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75% Percentile 1250 1620 1878 1840 1820 
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Mean 1004 1233 1464 1739 1800 

Std. Deviation 327.7 420.2 416.5 186.1 28.28 

Std. Error of Mean 109.2 140.1 147.3 62.04 20.00 

P value  

 
This table showed that there were high statistical significant 
differences between different sonographic groups as regarding 
mean value of serum HGF of each group. 

 
Figure2:Comparison between the different sonographic groups 

regarding mean value of serum HGF (ng/L) of each group. 
 
 

Table 7: Pearson’s correlation between S.HGF (ng/L) 
and other studied parameters in CKD groups 

Variable 
HGF 

R P value 
Age (years) .467** .002 

Weight (Kg) .145 .360 

eGFRml/min/1.73m² -.746** <0.001** 

ALT (U/L) .156 .324 

AST (U/L) .041 .798 

S.K+ (mEq/l) .208 .185 

S.Na+ (mEq/l) -.016 .919 

S.Alb  (g/dL) .071 .656 

BUN  (mg/dL) .816** <0.001** 

S.Cr   (mg/dL) .903** <0.001** 

r= correlation coefficient  
**Correlation is significant at the 0.01 level (2-tailed). 
*Correlation is significant at the 0.05 level (2-tailed). 

 
Figure 3:Correlation between eGFR and serum HGF (ng/L) in 

different groups. 
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Figure 4:Correlation between age and serum HGF (ng/L) in 

different groups. 

 
Figure 5:ROC curve of HGF CKD groups 

 
Area under the ROC curve (AUC) 

Area under the ROC curve (AUC) 0.919 
Standard Error a 0.0412 

95% Confidence interval b 0.793 to 0.981 
z statistic 10.167 

Significance level P (Area=0.5) <0.001** 

 
HGF cut-off Sensitivity Specificity +LR -LR +PV -PV 

>920 ng/dl 90.32 63.64 2.48 0.15 87.5 70.0 

Discussion  

In the present work, we studied the levels of HGF on the 
patients with chronic kidney diseases, patients on regular 
hemodialysis and AKD patients. The aim was to study the 
correlation between serum HGF level and renal functions of 
patients with CKD and AKD 
In our study, we found that there is significant increase of serum 
HGF in the patients with CKD (all stages) as well as the patients 
with chronic renal failure on regular hemodialysis and patients 
with AKD. 

In control group with mean value of 410.2 ± 87.5 ng/L there 
were normal levels of HGF in correlation to normal kidney 
function and liver functions, which was in agreement with the 
study of Lohr et al. in which the mean value of serum HGF in 
control group with normal kidney functions was 460 ± 40 ng/L 
[9]. 
In group 2 (CKD stages I and II) there were mild to moderate 
increase of HGF levels with mean serum HGF value of 713.3 ± 
123.9 ng/L, while there was more increase of the 
concentration of HGF in the serum in group 3 (CKD stages III 
and IV) with mean value of 1039 ± 165.8 ng/L. These results 
were consistent with a study which revealed that in non-dialysis 
subjects with renal insufficiency serum HGF was increased 
significantly (p<0.001) compared to normal individuals, and 
the increased serum HGF was associated with level of creatinine 
in the serum [10]. 
In group 4 (CKD stage V including hemodialysis patients) there 
were prompt increase of levels of serum HGF with mean value 
of 1616.5 ± 324.5 ng/L, especially hemodialysis patients. Our 
study results showed significant correlation between different 
stages with different eGFR of CKD with serum HGF levels. 
This coincides with Libetta et al. [11] who demonstrated that 
there is very significant increase of HGF levels in hemodialysis 
patients with low eGFR, which was in agreement with Zhang Y 
et al. (2015) who showed that dialysis method act as stimulator 
to release HGF, like tumor necrosis factor and interleukin-1 
(IL-1), which may play a role for HGF release (the so-called 
injurins). Moreover, the processes of dialysis may lead to the 
discharge of coagulation signals that change HGF from inactive 
to active structure. Then, at least hypothetically, elevated HGF 
action persuaded by dialysis may be pathophysiologically 
significant in individuals demanding renal replacement 
treatment [12]. 
The increase of HGF levels on hemodialysis patients was more 
than the patients with chronic kidney stages I, II, III and IV. 
These findings coincide with study done by Libetta et al., in 
2013, who stated that hemodialysis causes a rapid and extended 
discharge of HGF into the blood stream, elevating HGF serum 
level up to 30 episodes [11]. Many authors postulated variable 
mechanisms for explaining the high levels of serum HGFin HD 
patients, such as activation of leukocytes and production of 
cytokines in the blood as a result of circulation of 
extracorporeal during renal hemodialysis. The activation in the 
peripheral leukocytes in the circulation are considered as a 
potential source of HGF, since HGF is created by leukocytes in 
the hepatic tissues of liver-diseased patients, then cytokines may 
act as injurins. Therefore, dialysis may convince the discharge of 
HGF either due to stimulation of tissue cells by cytokines or 
due to activation of leucocytes in the peripheral circulation. 
Also, renal dialysis may lead to discharge of coagulation factors 
that change HGF into an active form. Also Alvarez et al. 
confirmed that the discharge of HGF does not depend on 
heparin-induced detaching of receptor bound HGF from 
peripheral tissues, but can be released during dialysis without 
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addition of heparin. Therefore, high serum HGF level appears 
soon after the initiation of extracorporeal blood circulation [13]. 
In group 5 (AKD) there were mild to moderate increase of 
HGF levels with mean serum HGF value of 600.2 ± 
98.57ng/L. 
Flaquer et al., in 2012 in an in vitro experiment noticed during 
dialysis that the peripheral blood mononuclear cell (PBMC) 
contained a high concentration of HGF, this revealed that: (a) 
PBMC are capable of releasing HGF and (b) dialysis solution can 
stimulate HGF discharge by PBMC, possibly due to the bio-
incompatibility of HD therapy. Additionally, the connection 
among inflammatory processes and level of HGF in HD 
demonstrate that serum HGF is strictly correlated with IL-6 and 
C-reactive protein (CRP); it is also possible that HD-related 
HGF release might be induced by elevated circulating levels of 
inflammatory cytokines, which could characterize a powerful 
stimulus for HGF discharge [14]. 
 A study done by Ciro et al. [15], suggested that hemodialysis 
causes increase of serum HGF concentration in majority of 
patients with ESKD on regular hemodialysis (74 out of 76), 
however that effect was not uniform in all patients. Also, the 
increase of serum HGF could be due to application of heparin 
and it wasn’t excluded that process of hemodialysis itself causes 
such change, due to stimulation of peripheral blood 
mononuclear [15] 
On the other hand, there was also significant increase of serum 
HGF levels with increasing the age. This is in agreement with 
Mizuno et al., who stated that the age plays an important role, 
where higher ages are generally associated by higher incidence 
of comorbidities comprising CVD and higher circulating levels 
of many inflammation markers in the serum such as HGF. The 
relation between the age and level of HGF is reinforced by 
some researches reporting that the stimulation of an 
inflammatory cytokines induces up-regulation of HGF [16], and 
HGF levels increased with increasing age; this may elucidate the 
positive correlation between inflammation and the increasing in 
age [17]. 
In our study there was significant correlation between renal 
sonographic appearance and the levels of serum HGF with 
increasing the serum HGF level with increasing the degree of 
nephropathy (fibrosis) as the mean level of HGF in normal 
kidneys ultrasonography was 1004 ng/L, in the grade I 
nephropathy was 1233 ng/L, in the grade II was 1464 ng/L, in 
the grade III was 1739 ng/Land reaching to highest level in 
marked fibrosis when kidneys became shrunken up to 1800 
ng/L. 
Our study showed that there was statistically no significant 
correlation found among the 4 groups, regarding gender. These 
results agree with Libetta et al., who mentioned that there was 
no difference between the groups of CKD patients regarding 
sex during study of serum HGF [11]. 
Some trials were carried out in various animal models of renal 
failure, hepatic diseases, cardiovascular diseases (CVD) and 
diabetes mellitus by direct treatment with gene therapy and 
HGF, verifying its efficacy in prompting renal and hepatic 

regeneration post acute and chronic inflammation and 
employing cardio-protective effects post acute myocardial 
infarction [18]. 
This study gives evidence that serum HGF increase in ACD, 
CKD and hemodialysis patients, and HGF is a strongrenotropic 
protein that shows a serious part in stimulating tubular healing 
and renal restoration after exposure to harmful agents. This 
deserves consideration for several reasons. First, hemodialysis is 
frequently necessary to treat individuals with toxic-ischemic 
acute kidney injury, possibility if HGF plays an important role 
in recovery from this disease. Second, HGF is a multitropic 
element that induces the production of many cell kinds such as 
distribution and arrangement of cells in complex structures for 
example, tubular, fibroblasts, angiogenesis and contributes in 
inflammatory processes. In spite of several effects of HGF 
corresponding repair and regeneration of tissues, undesirable 
actions of sustained HGF stimulation are probable, e.g., in the 
mobilization and proliferation of cancerous cells or initiation of 
exaggerated fibrosis in inflamed tissues. Accordingly, the 
release of HGF should be taken into consideration in evaluating 
the biocompatibility of renal dialysis. Hemodialysis denotes a 
tedious and reproducible disorder of activation of HGF and may 
be a suitable model to further study its physiology. Finally, 
exogenous HGF can be introduced as therapeutic agent for 
patients with acute kidney injury and patients with CKD. 

Conclusion  

From the previously mentioned results we can conclude that 
there were increase of serum HGF levels in patients with Acute 
kidney injury and chronic kidney disease with prompt increase 
of the levels of serum HGF in CKD stage V especially ESKD on 
regular hemodialysis, so serum HGF may be a good indicator 
for degree of renal fibrosis in CKD patients. 
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