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Abstract
Introduction: Hepatocyte growth factor (HGF) is known to be a potent mitogenic agent both in vivo and in 
vitro. The role of HGF in cirrhosis is not completely clear, but some studies point to it as a marker of severity 
in cirrhosis, acute liver failure and chronic hepatitis. Objective: The objective of this study was to determine 
the relationship between HGF and the stage of hepatic cirrhosis and to identify factors associated with HGF 
levels in this population. Methodology: All patients with hepatic cirrhosis treated from January to March 
2014 were evaluated. At the time patients were enrolled in the study their clinical histories were taken and 
they underwent transient elastography and extraction of samples for measurement of HGF. Results: No 
relationships were found between HGF levels and Child-Pugh classifications, however, higher levels of HGF 
were observed in patients with decompensated disease. A positive linear relations was found between HGF 
and hepatic hardness estimated by elastography (b = 0.53, r2 = 0.26, p = 0.002) and a negative linear relation 
was found between HGF and albumin (b = -0.62, r2 = 0.39, p <0.001). Only albumin retained this association 
in the multivariate analysis. Conclusion: HGF is a marker of severity in liver cirrhosis. Albumin and the degree 
of fibrosis determined by transient elastography were associated with HGF levels.
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INTRODUCTION

Liver cirrhosis is the final stage of sustained hepatic necroin-
flammatory activity of viral, metabolic or autoimmune 
origin. Until relatively recently, cirrhosis was considered 
to be a single, static condition, but it is now accepted that 
subgroups of patients coexist within the same diagnosis, (1, 
2) and that they have different degrees of liver damage with 
various prognostic implications within the natural history 
of the disease. (3)

In the liver, hepatic growth factor (HCF) is known to be 
a potent mitogenic agent both in vivo and in vitro, (4-6) 
and that it induces liver regeneration by stimulating DNA 
synthesis in hepatocytes. (7,8 ) Several investigators have 

provided direct evidence of an essential role for the HGF/
Met pathway during hepatic regeneration in murine models 
of the liver using c-met conditional knockout mice. (9-12)

Nevertheless, clinical implications of HCF levels for 
cirrhosis are not yet completely clear. Despite HCF’s fun-
damental role in hepatic regeneration processes, (13), stu-
dies have shown it to be a marker of severity in cirrhosis, in 
acute liver failure and in chronic hepatitis. (14,15) It has 
even been suggested that it as a predictor of mortality in 
patients with acute liver failure (ALF). (14)

Transient elastography (TE) is a novel technique for 
evaluating non-invasive hepatic fibrosis that has become a 
useful tool for studying patients with cirrhosis. (16 - 21) 
Although a significant association has been found between 
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HCF and the presence of fibrosis in chronic hepatitis, (14) 
this relationship has never been evaluated in subjects with 
cirrhosis. Since TE values   increase as the degree of fibrosis 
increases across the full spectrum of liver disease severity 
including cirrhosis, it may be useful for evaluating this asso-
ciation in this group of patients.

The objectives of this study were to determine the relations-
hip between HGF and the stage of liver cirrhosis and to iden-
tify factors associated with HGF levels in this population.

METHODOLOGY

We evaluated all patients who had been unequivocally 
diagnosed with hepatic cirrhosis by clinical, radiological 
or histological criteria from January to March 2014 in the 
outpatient department of Comprehensive Solutions in 
Gastroenterology and Hepatology, a first level hepatology 
referral center for the four largest EPS (Colombian health 
maintenance organizations) in Cartagena. All patients 
signed informed consent forms prior to inclusion in the 
study. For each patient, estimation of liver stiffness through 
TE, collection of clinical and analytical information, and  
extraction of a sample for determination of HGF were all 
done on the same morning. Patients diagnosed with hepa-
tocellular carcinoma and those who had been hospitalized 
due to decompensation of hepatic disease during the 30 
days prior to the evaluation were excluded from the study.

Liver Disease Staging

Child- Turcotte - Pugh Score
The Child-Pugh or Child- Turcotte - Pugh score is used for 
staging cirrhosis. Patients with Child-Pugh A scores were con-
sidered to be in the compensated phase and those with scores 
of B-C were considered to be in the decompensated phase.

Determination of Hepatic Growth Factor

For determination of serum hepatic growth factor, a blood 
sample was collected in sterile vacutainer tubes (Becton-
Dickimson Vacutainer System) and centrifuged at 3500 
rpm for 15 minutes at 4 ° C. For quantification of HGF, an 
ELISA kit (Cat No. KAC2211, Invitrogen) was used accor-
ding to the manufacturer’s instructions, based on indirect 
sandwich antigen capture and detection of immunocom-
plexes with a detection limit of 20 μg/mL.

Transient Elastography

Transient elastography with fibroscan (Ecosense) series 502 
was used for estimation of liver stiffness. This apparatus emits 

a vibrating wave that crosses the hepatic parenchyma. The 
speed at which this wave travels through the organ allows 
estimation of the degree of fibrosis expressed in kilopascals 
(Kpa). Higher velocities indicate higher degrees of fibrosis, 
and vice versa. All patients fasted for at least 8 hours prior 
to testing. The procedure was performed in supine position 
with the right arm at maximum abduction. Determinations 
were made on the median axillary line. The median value of 
10 estimates was used as the measure of liver stiffness, and 
results that did not meet the quality criteria of the manufac-
turer were not used in the analysis. An interquartile range of 
less than 30% and a success rate (number of valid measure-
ments/total measurements) of greater than 60% were consi-
dered indispensable for evaluating the reliability of the result. 
All patients underwent the procedure free of charge as part 
of the study protocol to estimate the relationship between 
elastography and quality of life. In no case was the procedure 
used to confirm a diagnosis of cirrhosis.

STATISTICAL ANALYSIS

Statistical analysis was done with PASW stastistics 15. 
(SPSS, Inc, Chicago). All p values   were calculated bilate-
rally. The level of statistical significance was set at p <0.05. 
To describe patient characteristics, medians were used for 
quantitative variables, and percentages were used for cate-
gorical variables. Student’s t tests, ANOVA and Chi-square 
tests were used to compare groups. Factors associated with 
HGF levels were initially identified through univariate 
linear regression analysis. Those variables identified in this 
phase were included in the multivariate analysis.

RESULTS

Thirty-eight patients were available for analysis (Figure 1): 
28 with compensated disease and 12 in the decompensated 
phase. The sample consisted of similar proportions of men 
and women. None of the patients evaluated had ascites 
at the time of inclusion. All of the elastography estimates 
included in the analysis met the quality criteria stipula-
ted by the manufacturer (interquartile range <30% of the 
median value, success rate> 60%). The means of age, TE, 
and hepatic growth factor were 61.5 years (DE 15.8), 29.6 
Kpa (DE 18.5) and 916 pg/mL (DE 612), respectively. 
There were no significant differences between compen-
sated and decompensated subjects related to sex, health 
status, anthropometric variables or transaminase levels. 
However, alcoholic and viral etiologies was more frequent 
among compensated patients (p = 0.003). The characteris-
tics of the population according to the stage of the disease 
are described in Table 1.
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Relationship between Hepatic Growth Factor and Stage 
of Hepatic Cirrhosis

Higher levels of hepatic growth factor (HGF) were obser-
ved in patients with decompensated liver disease than in 
compensated patients (867 versus 1022 pg/mL) (Figure 
2). However, these differences did not reach statistical sig-
nificance (p = 0.47). The analysis of other factors related to 
the stage of the disease found a positive linear association 
between HGF and liver stiffness estimated by elastography 
(b = 0.53, r2 = 0.26, p = 0.002) (Figure 3), and a negative 
linear association with albumin (b = -0.62, r2 = 0.39, p 
<0.001) (Figure 4). HGF levels decreased as albumin levels 
increased. This relationship was maintained in the multiva-
riate analysis, in which albumin was the only independent 
predictor of HGF levels (Tables 2 and 3).

Table 2. Univariate linear regression analysis. Dependent variable: HGF 
(ng/mL)

Univariate Linear Regression
Variable B 95% CI p

Fibroscan 18.9 7.3 - 30.5 0.002
Sex -270 (-681) - 141 0.19
Child points 77.8 (-41.7) - 197 0.19
Varices 134 (-595) - 326.6 0.55
PLT -0.001 (-0.003) - 0.001 0.32
INR 29.9 (-80) - 139 0.58
Total bilirubin 59 (-102) - 221.9 0.46
Albumin -628.28 (-907) - (-349) <0.001
CR -315.5 (-1428) - 797.5 0.56
GOT 4.9 (-0.71) - 10.6 0.08
GPT 0.94 0.32 - 0.74 0.74

Correlation Coefficient
Variable Pearson p

Fibroscan 0.53 0.01
PLT 0.18 ns
INR 0.1 ns
Total bilirubin 0.11 ns
Albumin -0.62 0.01
CR 0.09 ns
GOT 0.31 ns
GPT 0.06 ns

CR: creatinine; PLT: platelets; GOT: glutamic-oxalacetic transaminase; 
GPT: glutamic-pyruvic transaminase; INR: International normalized ratio

DISCUSSION

As previously described, our data indicate a relationship 
between HGF and the stage of hepatic cirrhosis (14, 15). 

79 patients evaluated

Absence of cirrhosis: 26

Incomplete clinical histories: 8
Suboptimal samples for 

calculating HGF: 7

Cirrhosis: 53

38 included

Table 1. Sociodemographic and clinical variables according to disease 
stage 

Variables Compensated  
(n = 26)

Decompensated  
(n = 12)

p

Age 60 (17.3) 63 (12.8) 0.68
Sex 12 (46%) 5 (41%) 0.79
HGF 867 (641) 1022 (557) 0.47
Weight 75 (14.4) 68 (12.4) 0.26
Height 1.63 (0.08) 1.64 (0.04) 0.7
Fibroscan 28.5 (20) 31.9 (14.9) 0.63
PLT 166.966 (144.149) 130.037 (74.422) 0.43
INR 1.19 (0.25) 1.67 (1.03) 0.17
Total Bilirubin 0.91 (0.45) 2.6 (1.96) 0.01
CR 0.88 (0.17) 1.10(0.27) 0.001
Albumin 3.9 (0.63) 3.3 (0.67) 0.01
GPT 62.3 (48) 53.9 (34) 0.62
GOT 62.5 (43) 63.7 (42) 0.94
Health Care Regime

Contributory 4 (15) 3 (27) 0.69
Subsidized 17 (65) 6 (54)  
Private 5 (19) 2 (18)  

Varices 11 (44) 8 (72) 0.23
Etiology    

OH 1 (3.8) 0 (0) 0.003
HCV 4 (15.4) 0 (0)  
HBV 5(19.2) 2 (16.7)  
NASH 11 (42.3) 4 (33.3)  
Cryptogenic 0 (0) 6 (50)  
PBC-AIH 
overlap 
syndrome

5 (19.2) 0 (0)  

CR: creatinine; PLT: platelets; GOT: glutamic-oxalacetic transaminase; 
GPT: glutamic-pyruvic transaminase; INR: international normalized ratio

Figure 1. Diagram of inclusion of the patients in the study.
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levels of HGF. HGF was initially identified in the serum of 
rats subjected to hepatectomy, (4) and its role in liver rege-
neration processes was demonstrated by stimulating DNA 
synthesis in hepatocytes in vivo and in vitro. (7, 8, 22-24)

In liver disease, serum HGF levels may be increased due 
to increased production and decreased liver clearance, since 
the liver is the organ through which most of the HGF is 
removed from circulation. (25) When HGF levels increase 
in chronic hepatic injury, one of its physiological actions 
is to induce the activation of liver progenitor cells, which 
favors tissue restoration (26) through the increase of cyclin 
itself and of cyclin-dependent kinases which play a critical 
role in the progression of the cell cycle under conditions of 
liver damage. (8)

This suggests that there is an association of severity of 
liver disease with HGF that has a double two-directional  
effect on the HGF/cMet pathway through which rege-
neration is stimulated. It is possible that in chronic liver 
injury, increased oxidative stress, reactive oxygen species 
generated in hepatocyte mitochondria, and the level of 
per-oxidized lipids from necrotic hepatic tissue maintain 
constant activation of the hepatic stellate cells thus favoring 
fibrogenesis in hepatic tissue. (27) This microenvironment 
could activate signals that inhibit the regenerative process 
and lead to blockade of DNA synthesis in the hepatocyte 
which in turn stimulates production of HGF and which 
would explain the elevation of plasma levels as the severity 
of the disease increases.

However, the effects of HGF on the cirrhotic liver have 
not been clearly established, and more studies are needed 
to identify the signaling pathways that activate HGF in cirr-

Albumin and TE, both markers of severity in cirrhosis (3, 
19-21), had linear and significant relationships with plasma 
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Figure 2. Box diagram of HGF levels as a function of the presence of 
decompensation.

Figure 3. Relationship between liver stiffness and HGF. Univariate 
linear regression analysis.

Figure 4. Relationship between albumin and HGF. Univariate linear 
regression analysis.

Table 3. Multivariate linear regression analysis. Dependent variable: 
HGF (ng/mL)

Multivariate linear regression HGF
Variable B 95% CI p

Albumin -864.3 (-1478) - (-249.8) 0.008
Fibroscan -6.5 (-29.1) - (16.1) 0.55
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TE is able to determine the degree of hepatic fibrosis through 
the estimation of tissue stiffness using a vibrating wave. Values   
increase parallel to the degree of hepatic damage. (19-21)

Among patients with established cirrhosis, elastography is 
able to identify a subpopulation of patients with more severe 
histological damage, with greater risks of decompensation, 
and can anticipate the appearance of hepatocellular carci-
noma. (19-21) The positive linear relationship between TE 
and HGF observed in this study reflects its association with 
the severity of liver disease. Similar findings have been obtai-
ned with other biochemical and clinical markers characteris-
tic of the more advanced stages of cirrhosis. (14, 31)

On the other hand, this study is the first to evaluate the 
relationship between TE and HGF. Although previous 
studies have described a relationship between the degree 
of fibrosis and HGF in patients with chronic hepatitis, 
(14) this relationship had not previously been evaluated 
in patients with established cirrhosis. In this context, TE 
is a useful tool for avoiding the risk of bleeding and other 
complications associated with hepatic biopsies while it can 
provide precise and objective estimates of the degree of his-
tological damage without the bias common to qualitative 
scales that measure the degree of fibrosis. It thus increases 
the reproducibility and the robustness of the results.

Finally, by establishing a linear relationship between 
TE and HGF within a sample of patients with cirrhosis 
that is similar to that observed for albumin, bilirubin and 
prothrombin time, all markers of severity of chronic liver 
disease, our findings support the growing body of scientific 
information that recognizes that different degrees of histo-
logical damage can coexist in cirrhosis. (1, 14, 15, 30)

CONCLUSION

Hepatic growth factor (HGF) is a marker of severity in liver 
cirrhosis. Albumin and the degree of fibrosis determined by 
transient elastography (TE) were associated with HGF levels.
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