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Hepatocyte growth factor (HGF) as a rapid 
diagnostic marker and its potential 
in the prevention of acute renal rejection 

Abstract Several investigators have 
reported that hepatocyte growth 
factor (HGF) may be related to the 
protection or reconstruction of the 
kidney during acute renal rejection. 
To address this question, we exam- 
ined the relationship between HGF 
and acute rejection in the following 
two studies with rat renal trans- 
plantation models. In study 1, the 
relationship between serum HGF 
levels and acute renal rejection in 
iso-, allo- and allograft with cy- 
closporine (CsA)-treated models was 
examined. In study 2, the focus was 
whether or not the injection of re- 
combinant HGF can prevent acute 
renal rejection. Our results demon- 
strated that HGF levels were rapidly 
increased during acute rejection and 
that recombinant HGF effectively 
protected the kidney from acute re- 

jection. These results suggest that 
HGF may be induced as a counter- 
response to the renal injury and that 
it can be used as a reliable indicator 
for the diagnosis of acute rejection. 
We suggest that recombinant HGF 
suppresses the onset of the patho- 
logical changes of acute rejection. 
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Introduction 

Although hepatocyte growth factor (HGF) has been 
well characterized as a hepatotrophic factor in liver re- 
generation [15, 21,261, it also has recently been shown to 
act as a renotrophic factor in renal regeneration [lo, 13, 
17, 341. 

Our previous studies suggested that HGF may be a 
rapid indicator or clinically useful marker of drug-in- 
duced nephropathy. We demonstrated that the HGF 
level was elevated when cyclosporine (CsA)- or FK506- 
induced nephropathy occurred and that this elevation 
was accompanied by increases in serum creatinine (S-Cr) 

and blood urea nitrogen (BUN) [39]. These drug-in- 
duced nephropathies were diagnosed using clinical and 
biological parameters such as BUN, S-Cr, urine volume 
and others. However, the diagnosis of acute rejection is 
often difficult. The early identification and detection of 
drug-induced nephropathies before the appearance of 
clinical changes make treatment more efficient. Our 
previous studies demonstrated that the increase in HGF 
serum levels in patients with transplants occurred earlier 
than changes in the S-Cr and BUN, suggesting that HGF 
may be a good indicator for detecting drug-induced 
nephropathies after kidney transplantation and immu- 
nosuppressive treatment. 
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Recently, several investigators have reported that 
HGF serum levels were markedly increased in renal 
transplantation patients with acute rejection prior to the 
appearance of changes in S-Cr, BUN and urine volume, 
in contrast to the continuously low levels in patients 
with out rejection [ 3 51. Moreover, other investigators 
demonstrated that intravenous injection of recombinant 
HGF into mice or rats strongly suppressed the onset of 
severe renal dysfunction and stimulated renal regenera- 
tion after acute renal failure caused by certain drugs and 
ischemia [ 10, 171. These results suggested that HGF may 
have the potential to prevent damage caused by renal 
failure by enhancing renal regeneration. 

Therefore, HGF may also be related to the protection 
or reconstruction of the kidney during acute rejection 
after renal transplantation. To explore this, we examined 
the HGF level during acute rejection after renal trans- 
plantation and found that the intravenous injection of 
recombinant HGF suppressed the onset of acute renal 
rejection in rat models. 

Materials and methods 

Two-month-old male Lewis rats (LEW) and Wistar rats obtained 
from Japan Charles River Laboratories were used in all experi- 
ments. LEW rats were used as recipients and Wistar rats as donors. 
During all investigations, the rats were housed under conventional 
conditions at the Osaka City University Animal Care Facilities. 
Two different sets of experiments were carried out. In the first set of 
experiments, rats were intramuscularly administered 10 mg/kg per 
day of CsA dissolved in 0.1 ml of olive oil (Table 1) in order to 
examine the relationship between serum HGF levels and acute re- 
nal rejection in iso-, allo- and allograft with cyclosporine (CsA)- 
treated models. Blood samples were harvested daily from all rats to 
check HGF levels. In the second set, rats were intravenously ad- 
ministered 100 mg/rat of recombinant HGF daily for 10 days 
(Table 2) in order to examine whether injection of recombinant 
HGF can prevent acute renal rejection,. Untreated control rats 
(group GA) were killed at day 10 for histological investigations. 
Isograft recipients rats (GB), allograft recipients rats (GC), allo- 
graft recipients with HGF rats (GD), allograft recipients with HGF 
and low-dose CsA (1 mg/kg per day) rats (GE) and allograft re- 
cipients with high-dose CsA (10 mg/kg per day) rats (GF) were 
killed on postoperative days 1, 3, 5, 7 and 10. 

Operative techniques 

Allogeneic and isogeneic right kidney transplantation was per- 
formed using a modified technique described previously by Fisher 
and Lee [3]. Donor and recipient rats were totally and rapidly 
anesthetized by a 50 mg/kg intraperitoneal pentobarbital sodium 
injection (Abbott Laboratories, North Chicago). Donor right 
nephrectomy with the abdominal aorta and inferior vena cava was 
perfoimed. The donor blood vessels and ureter were connected to 
the recipient vessels and ureter as follows: the donor abdominal 
aorta and inferior vena cava were connected to the recipient 
abdominal aorta and inferior vena cava near the left recipient renal 
artery, using end-to-side anastomosis. The donor ureter was 
connected to the recipient right ureter close to the donor renal 
pelvis using end-to-end anastomosis. After connection of the right 
donor kidney, recipient right native nephrectomy was performed. 

Table 1. Study 1 

GI Untreated control rats 
GI1 Isograft recipient 
GI11 
GIV Allograft recipient 
GV 
GVI 

Isograft recipient + CsA (10 mg/day per rat) 

Allograft recipient + CsA (from day 0 to day 10) 
Allograft recipient + CsA (from day 0 to day 5 )  

Table 2. Study 2 

GA Untreated control rats 
GB Isograft recipient 
GC Allograft recipient 
G D  
GE 

G F  

Allograft recipient treated with HGF (1 00 mg/day per rat) 
Allograft recipient treated with HGF (100 mg/day per rat) 

Allograft recipient treated with CsA (10 mg/kg per day) 
and CsA (1  mg/kg per day) 

The total perioperative ischemia time for the donor kidney was 50- 
60 min, starting with exsanguination and cold perfusion of the 
grafts and ending with revascularization of the graft. 

Biochemical methods 

Blood samples were drawn from the tail vein of the rats every day 
in each group and collected in tubes with EDTA. HGF levels were 
measured by an ELISA kit (Otsuka Assay Laboratories, Japan) 
[37]. Rabbit anti-rat H G F  antibodies were coated on a 96-well plate 
at 37°C for 15 h. The wells were washed three times with PBS- 
Tween (PBS coating 0.025% Tween 20). Biotinylated polyclonal 
anti-rat HGF IgG was added, and incubation was allowed to 
proceed for 2 h at 37°C. Wells were washed three times with PBS- 
Tween, and then incubated with horseradish peroxidase-conjugated 
streptoavidin-biotin complex in PBS-Tween. The enzyme reaction 
was initiated by adding a solution composed of 50 mmol/l citric 
acid, 100 mmol/l sodium phosphate, 2.5 mg o-phenylenediamine 
per ml and 0.015% H202. The enzyme reaction was halted by 
adding 1 mol/l H2S04. Absorbance was measured at 490 nm. 

Histological examination 

After the sacrifice of the allograft-, isograft- and immunosuppres- 
sive-drug-treated models and controls, the kidneys were removed 
and divided into four to five portions and then fixed in 95% ethanol 
with 1% acetic acid. The fixed fragments were dehydrated and 
embedded in paraffin, and 3-m-thick serial sections were cut. These 
sections were stained over 10 min with hematoxylin and washed in 
tap water for 10 min. All slides were then stained with eosin for 1 
min and washed three times with distilled water for 5 min. 

Group GA rats were sacrificed at day 10 for histological in- 
vestigations. Group GB, GC, GD, GE and G F  rats were sacrificed 
on post-operative days I ,  3, 5, 7 and 10. For each tissue specimen, 
we made a histological evaluation of rejection. The classification of 
acute rejection was stated with the Banff classification [27] by two 
blind observers using coded slides, and an average score was cal- 
culated. This rejection score was prepared semi-quantitatively into 
seven grades from zero to six according to the following method 
from Kimura et al. [ 1 I]: 0 = normal, 1 = borderline changes, 2 = 
IA, 3 = IB, 4 = IIA, 5 = IIB, 6 = 111 by the Banff classification (see 
Table 3). According to the Banff classification, antibody-mediated 
rejection was not presented in our study, and this grade was not 
added in this scoring. In order to quantify the Banff classification, 
the same two pathologists made assessments throughout the study, 
staining control specimens simultaneously. Therefore, this method 
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Table 3. Statistical analysis of acute renal rejection. The classifi- 
cation of acute rejection was stated according to the Banff classi- 
fication system by two blind observers using coded slides and an 
average score was calculated. The score was prepared semi-quali- 
tatively into seven grades from 0 to 6 + : 0, normal; 1, borderline 
changes; 2 ,  1A; 3, 1B; 4, 11A; 5 ,  LIB; 6, 111 by Banff classification. 
Antibody mediated rejection by Banff classification was not pre- 
sented in our study, and this grade was not added to this scoring 

A 

Day 1 Day 3 Day 5 Day 7 Day 10 

Group 
GA 0.2 i 0.2 
GB 0.5h0.3 0.4*0.2 0.6i0.3 0 . 5 i 0 . 3  0.5i0.3 
GC 0.4i0.3 1.9*0.8* 3.0il.O" 3.8+0.9* 4.8*1.1* 
GD 0.510.4 1.210.6* 2.010.8* 2.3*1.0* 2.7*1.3* 
GE 0.6i0.4 0.5i0.3 0.5i0.4 0.9h0.6 0.8i0.6 
G F  0.510.4 0.610.4 0.6k0.5 0.710.5 0.750.6 

Statistical analysis was performed using the analysis of variance 
(P-value, ANOVA, * P < 0.0 I )  

increases the credibility of the data. In addition, all specimens were 
re-assessed, which also contributed to excluding any subjective 
variability. 

Statistical analysis 

Analyses of data were performed using the analysis of variance 
(ANOVA) [14]. 

Results 

Two studies were carried out. Study 1 included six 
groups (GI, GII, GIII, GIV, GV and GVI) with ten rats 
each. Study 2 included six groups (GA, GB, GC, GD, 
GE and GF) with ten rats each. Rats in each group 
received several treatments as summarized in Table 1 
and Table 2 .  

HGF variation 

The basal HGF serum level in untreated normal LEW 
rats (GI) was 0.301 10.038 ng/ml before the experiment 
and did not increase over 10 days (0.328 f 0.042 ngiml). 
However, in all transplanted groups (GII, GIII, GIV, 
GV, GVI), the HGF serum levels increased on the first 
day after transplantation (Fig. 1A). 

After the elevation of the HGF level on day 1 in 
groups I1 and I11 (0.486 h 0.087 ng/ml, 0.472 f 0.108 ng/ 
ml), a rapid decrease in the HGF level to within normal 
range was observed on day 2 (0.316&0.064 ng/ml, 
0.289 i 0.084 ngiml). No new re-elevation of HGF level 
occurred until day 10 (Fig. IA). 

In the allo-transplanted group (GIV), the HGF 
serum level rose to over 0.800 ng/ml after day 1 and rose 
steadily day by day during the 10 days of the observa- 
tion period (4.211 ng/ml) (Fig. 1B). In the group of 

I 

A Group1 
(. Group I1 
I Group 111 

1 .o I =  
-.z........ ...-. a...... 1 ..... .i ....... I. . .  I l r l r r  -. -.. . . .. .- .. 

0 1 2 3 4 5 6 7 8 9 1 0 D a Y  

HGF level 
n i d  GroupIV 

A GroupVI 

45 B I GroupV 

3.0 
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Fig. l A ,  B. HGF serum levels in isograft and allograft renal 
transplantation. A Dashed line with filled triangles: untreated LEW 
rats; dashed line and$lled circles: isografted recipient rats; solid line 
with filled squares: isografted and CsA treatment (10 mg/kg per 
day). B Dashed line and filled circles: allografted recipient rats; solid 
line with $Ned squares: allografted and CsA treatment (10 mg/kg 
per day from day 0 to day 10); dashed line withfilled triangles: 
allografted and CsA treatment (10 mg/kg per day from day 0 to 
day 5). HGF levels were measured by ELISA 

transplanted rats treated for the first 5 days with CsA 
(GVI), the HGF serum level rose slightly on day 1 
(0.514+ 0.1 14 ng/ml) but decreased to normal levels on 
day 2 and remained low until day 5 (0.382h0.071 ng/ 
ml). A second increase was observed from day 6 
(1.027i0.301 ng/ml) until day 10 (Fig. 1B). In the GV 
group, in which transplanted rats were treated continu- 
ously with CsA, an increase was observed on day 1 and 
returned to a normal level in the following 9 days. 

In iso-transplanted rats with or without CsA (GI1 
and 111) and in the allo-transplanted and CsA-treated 
rats (GV), no rejection of the engrafted kidney was 
observed. 

Histology 

To precisely study the effects of HGF in acute renal allo- 
rejection and possible regeneration and protection of the 
transplanted kidney, we performed a second study with 
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Fig. 2A-F. Histopathological 
studies by HE staining in 
transplanted kidneys: protective 
effects of the recombinant H G F  
from the acute rejection. 
A Untreated normal LEW 
rats kidney. B Isograft recipi- 
ents kidney. C Allograft recipi- 
ents kidney. D Allograft 
recipients with HGF kidney. 
E Allograft recipients with 
HGF and low dose CsA 
(1 mg/kg per day) kidney. 
F Allograft recipients with high 
dose CsA (10 mg/kg/day) kid- 
ney. In the isografts, no signif- 
icant pathological findings of 
rejection were observed (B). In 
the allograft, typical pathologi- 
cal changes that show acute 
rejection were found (C). In 
HGF treated models, although 
significant morphological and 
histological changes that occur 
at acute rejection were clearly 
observed, these phenomena 
were much slighter compared to 
those of the allograft without 
HGF treatment model (D). In 
HGF plus low-dose CsA-treat- 
ed rats, kidneys were protected 
(E) as were those in the high- 
dose CsA treated group (F) 

several groups (Table 2) and examined histopathological 
modifications. 

Compared to the native control kidney (GA), the 
isograft kidney (GB) exhibited mild tubulitis and inter- 
stitial edema with no mononuclear infiltration and no 
signs of rejection (Fig. 2A, B). However, study of the 
no-CsA and no-HGF allografts (GC) revealed that the 
interstitium was increasingly filled with host mononu- 
clear cells, especially in and around the glomeruli, ves- 
sels, and perivascular areas. Moderate or severe tubulitis 
and mild or moderate arteritis and glomerulitis were 
observed on day 10 (Banff classification IIB) (Fig. 2C). 
These typical pathological findings confirmed acute re- 
jection of the allografts. 

In the HGF-treated models (GD), significant mor- 
phological changes in the glomeruli and other histo- 
logical changes occurred, as is generally observed 
during episodes of acute rejection, but they were less 
pronounced than in the allo-transplanted group 
(Fig. 2D). In the HGF plus low-dose CsA-treated rats 
(GE), transplanted kidneys were as well protected as 
in the high-dose CsA-treated group (GF), and patho- 

logic examination revealed no signs of acute rejection 
(Fig. 2E, F). 

Statistical analysis of acute renal rejection 

No significant statistical differences in the rejection 
scores were found between the control (GA) on day 10 
(0.2 f 0.2) and the isograft group (GB) on days 1, 3, 5, 7 
and 10 (0.5*0.3, 0.4&0.2, 0.6k0.3, 0.5+0.3, 0.5k0.3) 
(Table 3). Moreover, there was no significant statistical 
difference among groups GB, GC, GD, GE and GF in 
the rejection scores on day 1. In the no-CsA and no- 
HGF allografts group (GC), the rejection score rose to 
1.9 + 0.8 on day 3 and rose steadily day by day during 10 
days of the observation period (day 5, 3.0* 1.0; day 7, 
3.8 +0.9; day 10,4.8 k 1.1) (Table 3). However, in HGF- 
treated models (GD), the score also rose steadily day by 
day (day 3, 1.2k0.6; day 5, 2.0k0.8; day 7, 2.3kt.O; 
day 10, 2.7+ 1.3) but was less than in GC (Table 3). 
Moreover, in HGF plus low-dose CsA-treated rats 
(GD), pathologic examination revealed no signs of acute 
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rejection, and the rejection scores (day 3,0.5 % 0.3; day 5, 
0.5*0.4; day 7, 0.9k0.6; day 10, 0.8kO.6) among GB, 
GD and G F  (day 3, 0.6~t0.4; day 5, 0.6+0.5; day 7, 
0.7k0.5; day 10, 0.7*0.6) were essentially the same 
(Table 3). 

Discussion 

HGF, a stromal polypeptide, is widely expressed in a 
variety of cells, including epithelial and endothelial cells. 
Many authors have reported that HGF is produced in 
the mesenchymal cells and acts on epithelial cells in an 
endocrine and/or paracrine fashion [7, 8, 12, 20, 22, 381. 
HGF was originally identified as a potent mitogen of 
mature hepatocytes and as a hepatotrophic factor dur- 
ing hepatic regeneration [ I ,  5,  14, 16, 18, 22, 23, 25, 26, 
29, 33, 40, 411. After hepatic injury, HGF is produced 
rapidly in the injured liver and in the lung and spleen. 
Recently, several investigators have demonstrated that 
HGF plays an important role in the regeneration of 
various organs such as the kidneys, lungs and skeletal 
muscles [28]. HGF is one of the strongest mitogens for 
renal tubular cells [6, 91, and high HGF serum levels 
have been detected in patients with chronic renal failure 
[30, 31, 361. HGF serum levels were found to be high in 
hemodialysis patients, particularly in continuous am- 
bulatory peritoneal dialysis patients, and maximal levels 
were found in patients with renal failure. Some investi- 
gators have reported that exogenous HGF markedly 
stimulated mitogenesis of renal tubular cells and induced 
rapid reconstruction of renal tissue structure after acute 
renal failure and after unilateral nephrectomy [lo, 171. 
Results of animal experiments using models with acute 
injury to the liver and kidney have revealed that ex- 
pression of HGF mRNA increases immediately after 
organ damage, not only in the wounded organ but also 
in several other organs, followed by an increase in the 
blood HGF level. This indicates that HGF acts as an 
organ-regeneration factor in the endocrine as well as the 
paracrine systems [2, 321. 

In the present study, we examined the relationship 
between the HGF serum level and acute rejection after 
renal transplantation. The elevation of HGF levels ob- 
served in all transplanted rats undergoing either allo- or 
isografting during the first 24 h following the operation 
was mainly the result of the renal injury caused by 
transplantation surgery. The HGF level decreased 
sharply to normal levels in rats that were iso- or allo- 
transplanted with CsA treatment during the period of 
observation, but in the rats allo-transplanted without 
CsA treatment, levels of HGF rose steadily. No patho- 
logical changes were found in the transplanted kidneys 
of rats with low HGF serum levels, suggesting no acute 
rejection. On the other hand, marked pathological 

changes demonstrating acute rejection were observed in 
the transplanted kidney harvested from rats with high 
HGF serum levels. 

Investigators have demonstrated that injection of 
recombinant HGF into mice or rats strongly suppresses 
the onset of renal dysfunction after acute renal failure 
caused by certain drugs and ischemia [lo, 171. In our 
experimental model, injection of recombinant HGF with 
no CsA to allo-transplanted rats did not completely 
prevent acute rejection. However, we observed attenu- 
ation of the pathological changes in the transplanted 
kidney. Our findings contrast with those described pre- 
viously by Kawaida et al. [lo], who found that 500 pg/kg 
of HGF administered to allografted rats could prevent 
acute renal failure. In our experiments, recombinant 
HGF reduced but did not prevent the pathological 
changes caused by acute rejection. The increase in the 
HGF serum level at day 10 in the acute rejection model 
to 4.0 ng/ml may be related to regeneration of the 
transplanted kidney. However, this large amount of 
HGF was not sufficient to protect against the patho- 
logical changes caused by rejection. The injection of a 
huge amount of recombinant HGF (100 mg/rat) alone 
reduced pathological changes and partially protected 
against acute rejection. However, when 100 pg/rat of 
HGF was combined with low doses of CsA (1 mg/kg), 
complete protection from acute rejection was achieved. 
The mechanism by which HGF partially prevents acute 
rejection is still unclear, but a synchronistic effect of 
immunosuppressive drugs and HGF was clearly ob- 
served. Mizuno et al. found that HGF prevents renal 
fibrosis and dysfunction in chronic renal disease [19]. 

Patients with transplants suffer serious complications 
such as cancer because of immunosuppressive therapies. 
It is possible that by reducing the dosage of immuno- 
suppressive drugs such as CsA, patients’ immune sys- 
tems are less compromised. We successfully prevented 
the pathological changes in animal models by the ad- 
ministration of appropriate amounts of HGF and by 
reducing the amount of the immunosuppressive drug. 

In conclusion, an increase in HGF serum levels 
should be considered a rapid indicator or a clinically 
useful marker for the detection of acute rejection. In 
addition, although studies are needed to understand its 
mechanism and to establish appropriate treatment, 
HGF should be considered a useful complement to im- 
munosuppressive treatment after kidney transplanta- 
tion. Intravenous injection of appropriate amounts of 
recombinant HGF may be clinically useful and permit 
the reduction of the use of immunosuppressive drugs 
and thus further reduce complications in transplant 
patients. 
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