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Levels of hepatocyte growth factor in serum correlate
with quality of life in hemodialysis patients
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Abstract: Purpose: Patients with end stage renal failure (ESRD) report low quality of life and inflammation may
be one of the contributing factors. We studied if the hemodialysis induced inflammation correlates with the pa-
tients quality of life. Methods: Study was performed in 76 (35 males and 41 females) ESRD patients treated with
hemodialysis. Effect of one dialysis session on blood concentration of Vascular Endothelial Growth Factor (VEGF),
Hepatocyte Growth Factor (HGF), Interleukin 6 (IL6) and Monocyte Chemoattractant Protein-1 (MCP-1) was studied.
Results were correlated with answers given by patients to a short questionnaire composed of questions from Kid-
ney Disease Quality of Life Short Form (KDQoL-SF) questionnaire. Results: Hemodialysis induced increase of serum
level of HGF (+117%) and IL-6 (+17%). Declared by patients health status correlated with their age, GFR, kt/V and
hemodialysis induced change in serum IL6 and HGF level (R? = 0469, P < 0.001). Physical activity correlated with
age, serum I-6 and hemodialysis induced change in serum HGF and VEGF (R? = 0.362, P < 0.001). Presence of so-
cial/mental problems during previous 4 weeks correlated with age, serum HGF and hemodialysis induced changes
in serum HGF and VEGF levels (R? = 0.333, P < 0.001). Interference of the kidney disease with daily life activities
correlated with age, serum VEGF and hemodialysis induced change in serum HGF and IL6 levels (R? = 0.422, P <
0.001). Conclusion: Inflammation correlates with reduced quality of life in ESRD. Low hemodialysis-induced release
of the anti-inflammatory cytokine HGF correlates with impaired quality of life in that group of patients.
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Introduction genetic predisposition, which determines inten-
sity of the inflammatory response after expo-
sure to the stimulant [6]. Therefore hemodialy-
sis induced inflammatory response is probable

not identical in all patients.

Inflammation is a common feature of uremic
syndrome in patients with chronic renal failure.
Intensity of that process determines not only
risk of mortality, but also progression of decline

of the renal function and cardiovascular compli- There is a debate if the inflammatory reaction in

cations [1]. Besides effect of uremia per se,
also renal replacement therapy with hemodialy-
sis is enhancing the systemic inflammatory
response and similar effect is caused by perito-
neal dialysis [2, 3]. High levels of the circulating
proinflamatory cytokines are associated with
increased mortality in ESRD patients treated
with hemodialysis [4]. Hemodialysis induced
inflammation can be due to activation of com-
plement by cuprophane or other cellulose dialy-
sis membranes [5]. Intensity of the hemodialy-
sis bioincompatibility may also depend on the

ESRD patients, which predicts risk of mortality
[4] also affects quality of their life. Unden et al.
found in primary health care patients, with nor-
mal renal function, correlation between
increased blood cytokines levels and deterio-
rated self-rated health [7]. Progression of the
renal failure results in gradual deterioration of
the patients health-related quality of life
(HRQoL) and increased blood C Reactive Protein
(CRP) level, together with cardiovascular dis-
ease were the strongest predictors of these
changes [8]. Anand et al. found in a group of
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266 patients starting dialysis inverse correla-
tion between self-reported physical activity and
CRP level [9]. In another study in a group of 917
incident dialysis patients low vitality score cor-
related with higher CRP blood levels [10]. On
the other hand, Spiegel et al. in a systematic
review of literature on biomarkers of HRQoL in
ESRD found no strong correlation between
inflammation and deterioration of the patients
HRQoL [11]. We hypothesized that acute inflam-
matory response caused by procedure of
hemodialysis may be a good index of intensity
and quality of the systemic inflammation in
ESRD patients.

In the present paper we show results of our
study in which we looked at correlation between
pattern of the hemodialysis-induced inflamma-
tory response and various aspects of quality of
life of patients with ESRD.

Material and methods

Research protocol was approved by the
University Ethical Committee. 76 patients: 35
males and 41 females, after giving the informed
consent, were enrolled into the study. Patients
with diabetes mellitus, neoplastic diseases,
liver diseases or active systemic inflammatory
diseases were excluded from the study. Mean
age of the patients was 62.0 + 18.0 years and
patients were treated with hemodialysis mean
for 26.5 + 15.1 months. Mean value of the
patients glomerular filtration rate (GFR) (calcu-
lated with Modification of Diet in Renal Disease
formula) was 8.0 £ 3.3 ml/min and mean value
of kt/V was equal 1.2 + 0.3. In all patients
hemodialysis was performed, using polysulfone
dialyzer (Fresenius, Germany), three times per
week and duration of each session was from
3.0to 4.5 hours.

Concentration of the following cytokines was
measured in a blood, immediately before start
of hemodialysis session and at the end of treat-
ment: HGF, IL-6, VEGF and MCP-1. All these
cytokines were measured with the commercial-
ly available kits:

HGF: ELISA kit with detection limit 5.0 pg/ml
(R&D, United Kingdom); IL-6: DuoSet ELISA kit
with detection limit 0.7 pg/ml (R&D, United
Kingdom); VEGF: ELISA kit with detection limit
5.0 pg/ml (R&D, United Kingdom). MCP-1:
DuoSet ELISA kit with detection limit 5.0 pg/ml
(R&D, United Kingdom).
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Before start of the hemodialysis session all
patients answered a short questionnaire com-
posed of questions from KDQoL-SF [12]. The
following questions were asked:

I. How do you evaluate your health status? 5
points scale from poor (1) to excellent (5).

Il. How significant are limitations of your physi-
cal activity? The following items are about
activities you might do during a typical day.
Does your health now limit you in these activi-
ties (ie.vigorous activities such as running, lift-
ing heavy objects; moderate activities such a
moving a table, bowling; lifting or carrying gro-
ceries; climbing several or one flight of stairs;
bending, kneeling; walking more than 1 mile,
500 meters, 100 meters; bathing or dressing
yourself).

lll. Does kidney disease interferes with your
life? How true or false is each of the statements
for you: my kidney disease interferes too much
with my life; too much of my time is spent deal-
ing with my kidney disease; | feel frustrated
dealing with my kidney disease; | feel like a bur-
den on my family.

IV. Did you feel any social/mental problems dur-
ing last four weeks? Questions about how you
feel and how things have been going during the
past 4 weeks (did you isolate from people
around you; didyou react slowly to things that
were said or done; did you act irritable toward
those around you; did you have difficulty con-
centrating or thinking; did you get along well
with other people; did you become confused;).

V. How frequent were kidney disease related
disorders during last four weeks? During the
past 4 weeks, to what extent were you both-
ered by each of the following: soreness in your
muscles; chest pain; cramps; itchy skin; dry
skin; shortness of breath; faintness or dizzi-
ness; lack of appetite; washed out or drained,;
numbness in hands or feet; nausea or upset
stomach; problems with your access site.

VI. Does your disease affect your life activities?
How does kidney disease bother you in each of
the following areas: fluid restriction; dietary
restriction; your ability to work around the
house; your ability to travel; being dependent
on doctors and other medical staff; stress or
worries caused by kidney disease; your sex life;
your personal appearance.
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Table 1. Mean * SD values of serum concentration of Hepatocyte
Growth Factor (HGF), Interleukin 6 (1I-6), Vascular Endothelial Growth
Factor (VEGF) and Monocyte Chemoattractant Protein-1 (MCP-1)
obtained before start of hemodialysis (START) and immediately after

that feeling correlated with
their age, hemodialysis in-
duced change in serum HGF
and VEGF concentrations;

treatment (END)

details in Table 2.

START END AEND-Start Maioritv of pati |
HGF 378.6 + 182.2 822.4 + 337.2 443.8+ 322.7 thzjtot”htg ohzzt'sgésaf/erg:r:f;
|

[(Pg/ml]  range: 153.4-1011.3 range: 316.2-1959.2 range: -14.2-1510.1 y ) .
P < 0.0001 problems during previous
) four weeks (R? = 0.333, P <
1I-6 2.4 +0.8 2.8+0.9 0.3+0.6 0.001) and such opinions
[pg/ml] range: 1.4-4.1 range: 1.4-5.0 range: -1.4-1.6 correlated with their age
P<0.01 and hemodialysis induced
VEGF 141.9 £ 159.9 163.7 + 159.4 21.8+63.1 change in HGF and VEGF
[pg/ml]  range: 10.6-952.3  range: 33.4-990.3  range: -91.1-231.2 serum level; details in Table

n.s. 2.
MCP-1 132.3 +41.5 154.2 + 82.5 31.3+83.1

(pg/ml]  range: 40.2-265.4

range: 75.1-283.4  range: -81.5-195.2

Patients reported that dur-

Statistical analysis

Results are expressed as mean + SD. Statistical
analysis was performed with Wilcoxon test for
paired data. The relationship between HRQoL
domains and analysed parameters was per-
formed by multiple regression with forward
selection. A p value less than 0.05 was consid-
ered statistically significant.

Results

One session of hemodialysis induced signifi-
cant increase of serum concentrations of HGF
(by 117%, P < 0.001), IL-6 (by 17%, P < 0.01).
No significant change of serum VEGF and MCP1
concentration was observed (Table 1).

Patients evaluated their health status better
than fair (2.3 £ 0.8 in a scale from 1 = poor to
5 = excellent). Declared by the patient health
status correlated with their age, GFR, kt/V, and
hemodialysis induced change in serum II-6 and
HGF concentration (R? = 0.469, P < 0.001);
details in Table 2.

Declared by the patients limitations of the
physical activity correlated with their age, IL-6
serum concentration and hemodialysis in-
duced change in serum HGF and VEGF concen-
tration (R? = 0.362, P < 0.001); details in Table
2.

Patients declared that kidney disease inter-
feres with their life (R2 = 0.211, P < 0.001) and
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ing previous 4 weeks they
noticed physical disorders,
which could be related to their renal disease (R?
=0.163, P < 0.001) and such observations cor-
related with the hemodialysis induced change
in HGF and IL6 serum level; details in Table 2.

Majority of patients reported that their kidney
disease affects their life activities (R? = 0.422,
P < 0.001) and such opinion correlated with
their age, VEGF serum concentration and
hemodialysis induced change in HGF and IL6
serum level; details in Table 2.

Discussion

Uremia causes deterioration of the quality of
the life and that process is multifactorial. Age
of the patients was an important factor deter-
mining poor subjective quality of life and limita-
tion of the patients physical activity. Results of
our study also confirm previous observations
that intensity of the systemic inflammatory
response correlates with the impaired quality
of life [8-10]. We found that IL-6 serum concen-
tration correlated with impaired physical activi-
ty in ESRD patients treated with hemodialysis
(Table 2). The new finding in our study was sig-
nificant correlation between hemodialysis
induced inflammation and the patients quality
of life.

Our results confirm that even one session of
hemodialysis enhances the systemic inflamma-
tion, what was also shown in other studies [13,
14]. However we must stress that there was a
wide variation in the character and intensity
of the hemodialysis-induced inflammatory
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Table 2. Presentation of the factors which are related with the pa-
tients opinions about their daily problems related to the end stage

renal failure requiring hemodialysis

exclude that process of
hemodialysis itself causes
such change, due to stimu-

lation of peripheral blood

Question Parameter B2 s?;sit;igzacle mononuclear cells [18]. Li-
How do you evaluate your health Age 0278 P<0.005 betta et al. described hemo-
status? GFR 0.332 P <0.0005 dialysis-induced rise in ser-
KtV 0266 P <0.005 ym .HGF concentration vyh-

ich is however short lasting

AHGF 0.353 P <0.0001 and during the hemodialysis

AlL6 -0.260 P<0.05 session serum level of that

How significant are limitations of your Age 0.313 P <0.002 cytokine gradually decreas-
physical activity? IL6 0.250 P<0.01 es [18]. Rampino and cow-
AHGF -0.389 P <0.0001 orkers demonstrated how-

AVEGF  0.274 P <0.005 ever that during hemodialy-

Does kidney disease interferes with Age 0.276  P<0.01 sis, performed without hep-
your life? AHGF  -0.353 P <0.001 arin, increased serum level
AVEGF 0261 P <0.01 of HGF remain§ for 240 min-

Did you feel any social/mental prob- Age 0.310 P <0.002 utes and peripheral blood
lems during last four weeks? AHGF -0.287 P < 0.005 mononuclear cells harvgst—
ed at the end of session

AVEGF  0.335 P<0.002 released more HGF than at

How frgquent were.kidney disease re- AHGF -0.335 P <0.005 the start [19]. We found that
lated disorders during last four weeks? AIL6 0.240 P<0.05 only in 1 patient out of 76
How does your kidney disease affects Age 0.209 P <0.05 serum HGF concentration
your life activities? VEGF  -0.261 P <0.005 was lower at the end of the
AHGF  -0.408 P<0.001 hemodialysis session as

AILG 0.380 P<0.001 compared to the predialysis

response in our studied group (Table 1). Such
effect may be due to dysfunction of the immune
system during uremia [15], what may result in
dysregulation of the balance between proin-
flammatory and anti-inflammatory factors [16].
Hemodialysis may enhance that disproportion.
We found correlation between hemodialysis
induced rise of IL-6 or VEGF and various aspects
of the impaired physical or psychological quali-
ty of life in the studied group of the renal
patients. Opposite observations were done for
HGF. In general stronger increase of HGF con-
centration in serum correlated with better qual-
ity of life in the studied group of patients.
Contrary to IL-6 or VEGF, which can be consid-
ered as the proinflammatory cytokines, HGF
has rather antiinflammatory, antifibrotic
properties.

In our study, one session of hemodialysis
induced increase of serum HGF concentration
in majority of patients (74 out of 76), however
that effect was not uniform in all patients (Table
1). Increase of serum HGF could be due to
application of heparin [17], but we cannot
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value. In our study there was
a wide range of initial, predialysis HGF level in
serum (153-1011 ng/ml) but there was no cor-
relation between these values and change of
its concentration during hemodialysis session.
There was also no correlation between predial-
ysis HGF levels and any of the studied parame-
ters reflecting the quality of life in the studied
patients. We found however that patients with
smaller increase of HGF during hemodialysis
session reported not only more limitations of
the physical activity, and disorders related to
renal failure, but also impaired coping with life
during last weeks and stronger interference of
the renal disease with their life (Table 2). To
summarize, our results suggest that lowhemo-
dialysis-induced increase of serum HGF corre-
lates with reduced quality of life in patients with
end stage renal failure and on the replacement
therapy.

We must stress however that not all observa-
tions, despite the statistically significant corre-
lation, were really strong (Table 2), what can be
considered a weak part of our study. The expla-
nation for such situation may be the fact that
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number of patients participating in the study
was not large, there was a wide variation of the
patients age (32-84 years), various time of
treatment with dialysis (5 months-42 months)
and wide range of GFR (3-14 ml/min). We elimi-
nated from the studied group patients with dia-
betes mellitus, neoplastic disease, liver dis-
ease or acute inflammatory disorders, what
made our group more homogenous. However
we believe that each patient has an individual
reaction to the stress induced by hemodialysis,
what is due not only due to pathological but
also physiological properties of the body.

Hepatocyte Growth Factor despite its name is
the molecule with the highest expression in the
kidney and regulates many processes in that
organ [20]. It has the cytoprotective effect in
acute renal failure and higher serum levels of
HGF correlate with faster recovery of the renal
function [18]. HGF concentration is increased
in patients with chronic renal failure and it
results in preservation of the renal structure
and function due to its various effects, such as
inhibition of the renal fibrosis [21] or by modula-
tion of the renal inflammation [22]. It was sug-
gested that increased HGF level counteracts
the effect of the inflammatory cytokines which
stimulate progression of the renal damage
[23]. In fact, in vivo gene transfer of HGF pre-
vents progression of the renal failure [24].
There is also evidence that HGF has an anti-
inflammatory effect on the level of the inflamed
endothelium [25]. We suggest that hemodialy-
sis-induced increased HGF serum level coun-
teracts the systemic inflammation, progression
of the renal damage, what translates into bet-
ter quality of life in patients with end-stage
renal failure. Previously Rampino et al. reported
that in patients with end stage renal failure and
hepatitis C liver disease was more benign and
they linked that observation with the hemodi-
alysis induced rise of serum concentration of
HGF [26]. One can expect that repeated stimu-
lation of HGF release/synthesis by process of
hemodialysis in patients with chronic renal fail-
ure may result in protective effect of that cyto-
kine in the kidney, slowing deterioration of its
function as it was observed in patients with
acute renal failure [18]. However we found that
magnitude of change of serum HGF concentra-
tion at the end of the dialysis session varies in
the individual patients (from decrease by 14
ng/mil to rise by 1510 ng/ml). Supplementation
with HGF should be therefore considered in
patients with reduced intravascular stimulation
of HGF synthesis/release [27]. One can specu-
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late that addition of the exogenous HGF, or
stimulation of its synthesis, in that group of
patients may result in improved quality of life,
secondary to amelioration of the renal function
and reduction of the systemic uremic complica-
tions. Supplementation with exogenous HGF
appeared to be effective in various types of
experimental studies [28, 29]. Further studies
are required to verify that hypothesis.

Acknowledgements

Research was supported by grant from National
Science Center Poland.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Andrzej Breboro-
wicz, Department of Pathophysiology, Poznan
University of Medical Sciences, Ul. Rokietnicka 8,
60-806 Poznan, Poland. Tel: (48) 61 8547621;
E-mail: abreb@ump.edu.pl

References

[1] Carrero J, Stenvinkel P. Inflammation in end-
stage renal disease-what have we learned in
10 years? Semin Dial 2010; 23: 498-509.

[2]  Schindler R. Causes and therapy of microin-
flammation in renal failure. Nephrol Dial Trans-
plant 2004; 19 Suppl 5: v34-v40.

[3] Zoccali C, Tripepi G, Mallamaci F. Dissecting
inflammation in ESRD: Do cytokines and C-re-
active protein have a complementary prognos-
tic value for mortality in dialysis patients? J Am
Soc Nephrol 2006; 12 Suppl 3: s169-s173.

[4]  Kimmel PL, Phillips TM, Simmens SJ, Peterson
RA, Weihs KL, Alleyne S, Cruz I, Yanovski JA,
Veis JH. Immunological function and survival in
hemodialysis patients. Kidney Int 1998; 54:
236-244.

[5] Combe C, Pourtein M, de Précigout V, Baquey
A, Morel D, Potaux L, Vincendeau P, Bézian JH,
Aparicio M. Granulocyte activation and adhe-
sion molecules during hemodialysis with cu-
prophane and a high-flux biocompatible mem-
brane. Am J Kidney Dis 1994; 24: 437-442.

[6] LiuY, Berthier-Schaad Y, Fallin MD, Fink NE,
Tracy RP, Klag MJ, Smith MW, Coresh J. IL-6
haplotypes, inflammation, and risk for cardio-
vascular disease in a multicenter dialysis co-
hort. J Am Soc Nephrol 2006; 17: 863-870.

[71 Unden AL, Andreasson A, Elofsson S, Brismar
K, Mathsson L, Ronnelid J, Lekander M. Inflam-
matory cytokines, behavior and age as deter-
minants of self-rated health in women. Clin Sci
2007; 112: 363-373.

Int J Clin Exp Pathol 2015;8(10):13477-13482



(8]

(9]

(10]

(11]

[12]

[13]

[14]

[15]

(16]

[17]

(18]

HGF and quality of life in hemodialysis patients

Pagels AA, Soderkvist BK, Medin C, Hylander
B, Heiwe S. Health-related quality of life in dif-
ferent stages of chronic kidney disease and at
initiation of dialysis treatment. Health Qual Life
Outcomes 2012; 10: 71.

Anand S, Cherow GM, Johansen KL Grimes B,
Kurella Tamura M, Dalrymple LS, Kaysen GA.
Association of self-reported physical activity
with laboratory markers of nutrition and in-
flammation: the comprehensive dialysis study.
J Ren Nutr 2011; 21: 429-437.

Jhamb M, Argyropoulos C, Steel JL, Plantinga L,
Wu AW, Fink NE, Powe NR, Meyer KB, Unruh
ML; Choices for Healthy Outcomes in Caring for
End-Stage Renal Disease (CHOICE) Study. Cor-
relates and outcomes of fatigue among inci-
dent dialysis patients. Clin J Am Soc Nephrol
2009; 4: 1779-1786.

Spiegel BMR, Melmed G, Robbins S, Esrailian
E. Biomarkers and health-related quality of life
in end-stage renal disease: a systematic re-
view. Clin J Am Soc Nephrol 2008; 3: 1759-
1768.

Korevaar JC, Merkus MP, Jansen MA, Dekker
FW, Boeschoten EW, Krediet RT; NECOSAD-
study group. Validation of the KDQOL-SF: a di-
alysis-targeted health measure. Qual Life Res
2002; 11: 437-447.

Caglar K, Peng Y, Pupim LB Flakoll PJ, Levenha-
gen D, Hakim RM. Inflammatory signals asso-
ciated with hemodialysis. Kidney Int 2002; 62:
1408-1416.

Tarakcioglu M, Erbagci AB, Usalan C Usalan C,
Deveci R, Kocabas R. Acute effect of hemodi-
alysis on serum levels of the proinflammatory
cytokines. Mediators Inflamm 2003; 12: 15-
20.

Vaziri ND, Pahl MV, Crum A, Norris K. Effect of
uremia on structure and function of immune
system. J Ren Nutr 2012; 22: 149-156.
Stenvinkel P, Ketteler M, Johnson RJ, Lindholm
B, Pecoits-Filho R, Riella M, Heimbdurger O, Ce-
derholm T, Girndt M. IL-10, IL.-6 and TNFa: Cen-
tral factors in the altered cytokine network of
uremia-The good, the bad and the ugly. Kidney
Int 2005; 67: 1216-1233.

Christidou F, Bamichas G, GalaktidouG, Fragi-
dis S, Gionanlis L, Frangia T, Bischiniotis T,
Sombolos K. Elevated hepatocyte frowth factor
levels at the beginning of high-flux hemodialy-
sis are due to heparin administration. Ren Fail
2008; 30: 861-864.

Libetta C, Esposito P, Sepe V, Rampino T, Zuc-
chi M, Canevari M, Dal Canton A. Acute kidney
injury: effect of hemodialysis membrane on
Hgf and recovery of renal function. Clin Bio-
chemistry 2013; 46: 103-108.

13482

(19]

[22]

(23]

(24]

[25]

[26]

(27]

(28]

[29]

Rampino T, Libetta C, De Simone W, Ranghino
A, Soccio G, Gregorini M, Guallini P, Tamag-
none L, Dal Canton A. Hemodialysis stimulates
hepatocyte growth factor release. Kidney Int
1998; 53: 1382-1388.

Liu Y. Hepatocyte growth factor and the kid-
ney. Curr Opin Nephrol Hypertens 2002; 11:
23-30.

Dworkin LD, Gong R, Tolbert E, Centracchio J,
Yano N, Zanabli AR, Esparza A, Rifai A. Hepato-
cyte growth factor ameliorates progression of
interstitial fibrosis in rats with established re-
nal injury. Kidney Int 2004; 65: 409-419.
Gong R, Rifai A, Tolbert EM, Biswas P, Centrac-
chio JN, Dworkin LD. Hepatocyte growth fac-
tors ameliorates renal interstitial inflammation
in rat remnant kidney by modulating tubular
expression of MCP-1 and RANTES. J Am Soc
Nephrol 2004; 15: 2868-2881.

Mizuno S, Matsumoto K, Kurosawa T, Mizuno-
Horikawa Y, Nakamura T. Reciprocal balance
of hepatocyte growth factor and transforming
growth factor beta-1 in renal fibrosis in mice.
Kidney Int 2000; 57: 937-948.

Tanaka T, Ichimaru N, Takahara S, Yazawa K,

Hatori M, Suzuki K, Isaka Y, Moriyama T, Imai
E, Azuma H, Nakamura T, Okuyama A, Yamana-
ka H. In vivo gene transfer of hepatocyte
growth factor to skeletal muscles prevents
changes in rat kidneys after 5/6 nephrectomy.
Am J Transplant 2002; 2: 828-836.

Gong R, Rifai A, Dworkin LD. Anti-inflammatory
effect of Hepatocyte Growth Factor in chronic
kidney disease: targeting the inflamed vascu-
lar endothelium. J Am Soc Nephrol 2006; 17:
2464-2473.

Rampino T, Arbustini E, Gregorini M, Guallini P,
Libetta C, Maggio M, Ranghino A, Silini E, Soc-
cio G, Dal Canton A. Hemodialysis prevents
liver disease caused by hepatitis C virus: Role
of hepatocyte growth factor. Kidney Int 1999;
56: 2286-2291.

Nakamura T, Mizuno S. The discovery of hepa-
tocyte growth factor (HGF) and its significance
for cell biology, life sciences and clinical medi-
cine. Proc Jpn Acad Ser B Phys Biol Sci 2010;
86: 588-610.

Mizuno S, Matsumoto K, Nakamura T. HGF as
a renotrophic and anti-fibrotic regulator in
chronic renal disease. Front Biosci 2008; 1:
7072-7086.

Katz MS, Thatch KA, Schwartz MZ. Hepatocyte
growth factor and omega-3-enriched feeds
have a synergistic effect on mucosal mass in
an animal model of inflammatory bowel dis-
ease. J Pediatr Surg 2012; 47: 194-198.

Int J Clin Exp Pathol 2015;8(10):13477-13482



