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ABSTRACT: This study aimed to examine the physiological role of hepatocyte
growth factor (HGF) after thoracic irradiation.

We analysed the changes of HGF protein levels in rat lung following 12 Gy of
whole thoracic irradiation. Bronchoalveolar lavage fluid (BALF) was then collected
from 11 patients (10 lung cancer and one oesophageal cancer) after completion of
radiation therapy.

One month after irradiation, the HGF protein level in the lungs of irradiated
rats decreased (p<0.05), followed by a remarkable elevation in HGF protein lev-
els 2 (p<0.05) and 3 months (nonsignificant) after irradiation accompanied by the
clinical appearance of radiation pneumonitis. Finally, HGF protein levels in the
lung returned to their original level 6 months after thoracic irradiation. In humans,
HGF protein levels in the BALF in the limited irradiated area were lower than
those obtained from unirradiated areas (p<0.05).

In conclusion, hepatocyte growth factor production is transiently suppressed in
the irradiated area after irradiation.
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Hepatocyte growth factor (HGF), a putative hepato-
tropic factor for liver regeneration, was first purified to
homogeneity from rat platelets [1] and in plasma [2, 3].
HGF is a heterodimer molecule composed of a 69 kDa
α-chain and a 34 kDa β-chain, and contains four kringle
domains [4, 5]. HGF is expressed in nonparenchymal
cells such as Kupffer cells, sinusoidal cells and Ito cells
[6, 7] and acts in a paracrine fashion. HGF acts on var-
ious epithelial cells including mature hepatocytes and
renal tubular cells [8].

HGF activity in the rat liver markedly increases after
hepatotoxin induced hepatitis, hepatic ischaemia or
other hepatic insults [9–11], and intravenously injected
recombinant HGF markedly enhances liver regenera-
tion in mice [12]. The concentration of HGF in periphe-
ral blood was found to rise after partial resection of
normal liver both in patients and experimental animals
[13], while patients with hepatic failure following hepa-
tectomy showed significantly higher serum HGF levels
[14, 15]. Likewise, a slight increase in serum HGF lev-
els in patients with hepatitis, chronic hepatitis, and liver
cirrhosis was noted [16]. HGF may also have a role in
regeneration of the kidney after injury [17–19]. In ani-
mal experiments, HGF manifested a protective function
against the onset of renal dysfunction caused by mer-

curic chloride, cisplatinium and ischaemic injury. Rec-
ently, some authors reported that HGF may also play
an important role in lung injury and subsequent regen-
eration, i.e. HGF messenger ribonucleic acid (mRNA)
and blood HGF activity were markedly induced and
exogeneously and intravenously administered HGF en-
hanced regeneration of epithelial cells in the trachea
after HCl injection [20–22].

It is well known that radiation causes pneumonia
and subsequent fibrosis in the lung, but little is known
about the relationship between HGF and radiation-
induced lung injury. For this reason, we have developed
a rapid and sensitive enzyme-linked immunosorbent
assay (ELISA) for measurement of HGF levels in rat
crude tissue extract [23]. We used this technique to
analyse changes in tissue and plasma HGF protein lev-
els in rat after exposure to whole thoracic irradiation.
We also analyzed bronchoalveolar lavage fluid (BALF)
in 10 patients with lung cancer and one with oesopha-
geal cancer after completion of radiation therapy. To
detect physiological changes in the irradiated area, we
took BALF from both the irradiated field and control
unirradiated area. The number of cells, percentage of
lymphocytes, concentrations of protein, albumin and
aminoterminal peptide of type III precollagen (PIIIP),



CD4, CD8 and CD25 ratios and interleukin (IL)-6 and
HGF concentrations were analysed. HGF concentration
in blood samples was also examined in these patients.

Materials and methods

Animals

Adult male Wistar rats weighing 180–200 g were
used for the experiments. The animals were given food
and water ad libitum. After being anaesthetized, the rats
were fixed in a supine position on a plastic plate, and
12 Grays (Gy) of whole thoracic irradiation was admin-
istered with the aid of a designated lead collimator to
assure that both lungs were in the field. An X-ray gen-
erator Radiflex 350 (180 kV, 150 mA; Rigaku Electro-
nics Co., Tokyo, Japan) was used. Similarly handled
sham-irradiated animals served as controls. Irradiated
rats and age-matched controls were killed at appropri-
ate intervals.

Preparation of rat lung tissue extract and plasma

Lungs were removed and the lung tissues homoge-
nized in 4 volumes·g tissue-1 of buffer composed of 10
mM Tris-HCl (pH 7.5), 2 M NaCl, 1 mM phenymethyl
sulphonyl fluoride (PMSF), 1 mM ethylenediamine
tetraacetic acid (EDTA), 0.01% Tween 80. The homo-
genate was centrifuged at 105,000×g for 1 h and the
resultant supernatant was used as a crude tissue extract.
Plasma was collected from the rat aorta using citric acid
as an anticoagulant agent, and centrifuged at 10,000×g.
The supernatant was then removed to serve as plasma
samples, which were partially purified with heparin-
Sepharose beads. These tissue extracts and plasma sam-
ples were stored at -70°C until assay.

ELISA

Details of the ELISA system have been described
elsewhere [23]. Briefly, 50 µL of monoclonal antibody
to rat HGF (20 µL·mL-1 immunoglobulin (Ig)-G in 50
mM sodium bicarbonate buffer) was added to 96 well
microtitre plates followed by incubation for 8 h at room
temperature. One hundred microlitres of a blocking
agent composed of phosphate buffered saline (PBS)

containing 5% rabbit serum was added and the prepa-
ration incubated overnight at 4°C. The wells were then
washed three times with PBS-Tween and standard HGF
and test samples were added to duplicate wells and incu-
bated for 2 h at room temperature. After the wells had
been washed three times with PBS-Tween, the second
biotinated antibody (anti-rat HGF polyclonal antibody)
was added followed by incubation for 1.5 h at room
temperature. After another washing with PBS-Tween, a
horse radish peroxidase conjugated streptavidin-biotin
complex diluted with PBS containing 0.5% bovine
serum albumin (BSA) and 0.05% Tween 20 was added
and the preparation incubated for 1.5 h at room tempe-
rature. After a final washing with PBS-Tween, a chro-
mogenic substrate solution (2.5 mg o-phenylenediamine,
0.5 M sodium phosphate and 0.1 M citric acid with pH
5.0) was added, the enzyme reaction was halted with
1.5 N H2SO4, and absorbance at 490 nm was measured.

Patients and processing of BALF

BALF was obtained from the 11 patients 1–10 days
after completion of limited thoracic irradiation to the
lung and oesophageal cancers. Patient characteristics are
shown in table 1. Treatment conditions for lung cancer
have been described in detail elsewhere [24]. A total
irradiation dose of 50–64 Gy was delivered with a daily
dose of 2 Gy administered for 5 days·week-1. Radiation
was administered with a 10 MV linear accelerator. The
patients consisted of eight males and three females with
an age range 47–79 yrs (mean 66 yrs). Bronchoalveolar
lavage (BAL) was performed on a segment in the irra-
diated field and one in the nonirradiated area as a con-
trol. None of the patients showed signs of infection or
haemorrhage in the lower respiratory tract. Sterile phys-
iological saline was infused and aspirated, after which
the aspirated fluid was strained through gauze and
immediately centrifuged gently to separate cellular and
noncellular fractions. We used 100 mL of physiologi-
cal saline to wash each part of lung (irradiated and non-
irradiated). Almost half of this could be recovered for
analysis. Ten millilitres of each sample was used to detect
concentration of HGF. A few millilitres aliquot of re-
covered BALF was used for other examinations. The
cellular fraction was utilized to analyse the cell count
(total cell count, percentage of macrophages, lympho-
cytes, eosinophils, neutrophils, CD4, CD8, CD4/CD8
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Table 1.  –  Patients characteristics and treatment

Patient Sex Age Tumour Stage Chemotherapy Histology Irradiated dose
No. yrs category Gy

1 M 76 Oes CDDP, VDS SQ 60
2 M 70 T4N2M1 4 CDDP, VDS SQ 50
3 F 59 T3N3M1 4 CDDP, VDS, MMC AD 50
4 M 70 T2N2M1 4 CARB SQ 54
5 M 79 T4N3M0 3B CDDP, VDS SQ 62
6 M 68 T4N2M1 4 CDDP, VDS, MMC AD 64
7 F 47 T3N2MX 3B CDDP, VDS, MMC AD 56
8 M 65 T2N3M1 4 CDDP, VDS, MMC SQ 50
9 M 73 T2N2M1 4 CDDP, VDS AD 50

10 M 64 T4N2M0 3B CDDP, VDS, MMC SQ 50
11 F 65 T4N2M1 4 CDDP, VDS AD 50

M: male; F: female; Oes: oesophageal cancer; CDDP: cisplatinium; VDS: vindecine; SQ: squamous cell carcinoma; MMC: mito-
micin; AD: adenoimatous carcinoma; CARB: carboplatineum.



ratio, CD25). The total cell count was performed with
a haemocytometer, and the differential cell count on
slide preparations of cells stained with May-Grunwald
Giemsa. CD4, CD8 and CD25 cells were detected by
flowcytometry with a fluorescein isothiocyanate (FITC)
labelled antibody for each of the cell types (Ortho Dia-
gnostic Systems, Inc. Raritan, New Jersey, USA). A
noncellular fraction was utilized for assay for protein,
albumin and (PIIIP) and IL-6. Protein and albumin con-
centrations were analysed with the aid of a Micro TP-
test kit (Wako Pure Pharmaceuticals, Osaka, Japan) and
a latex agglutination test with LX reagent (Eiken Phar-
macy, Tokyo, Japan), respectively. The aminoterminal
peptide of type III precollagen (PIIIP) was analysed us-
ing a radioimmunoassay with a monoclonal antibody to
PIIIP (radioimmunoassay (RIA)-gnost PIIIP coated
tube; Hoechst Japan, Tokyo, Japan). IL-6 was examined
with ELISA (Fuji Rebio, Tokyo, Japan). After quadruple
dialysis with exchanged distilled water overnight, the
concentration of the BALF was increased 20 times by
freeze drying. HGF was measured using an ELISA kit
for human HGF (Institute of Immunology Co., Tokyo,
Japan), and the lower limit of detection was set at 0.1
ng·mL-1. All patients gave their informed consent in
writing with regard to both the purpose and protocol of
the study.

Analysis of blood HGF concentration

Serum HGF levels were examined in these patients
before and after radiation therapy. The blood was allow-
ed to clot, after which the serum was separated by cen-
trifugation at 1,500 revolutions per minute (rpm), and
stored at -70°C until the assay. Serum HGF was mea-
sured by using an ELISA kit for human HGF (Institute
of Immunology Co., Tokyo, Japan), and the lower limit
of detection was set at 0.1 ng·mL-1.

Assessment of radiation pneumonitis

Chest radiographs were used every month to assess
lung injury from completion of the treatment until 12
months later. When abnormal shadows appeared, com-
puted tomography (CT) images were used to identify
conditions other than radiation pneumonitis, such as
recurrence [24]. We defined the clinical symptoms of
radiation pneumonitis as dyspnoea, chest pain, cough
and fever concurrent with abnormal shadows on the CT
images.

Statistical analysis

Student's t-test for two sets of data and analysis of
variance (ANOVA) for multiple sets were used, and a
p-value of less than 0.05 was considered significant.
Data are presented as mean±SD.

Results

Changes in HGF protein levels in rats

Changes in HGF protein levels in the lung are de-
picted in figure 1. The HGF protein level in normal

control was 280±35 ng·g tissue-1. A decrease in the HGF
protein level was observed 1 month after thoracic irra-
diation (165±54 ng·g tissue-1, p<0.05), after which the
HGF protein level increased 2 (410±35 ng·g tissue-1, p<
0.05) and 3 months subsequent to treatment (415±160
ng·g tissue-1, nonsignificant), to a level 1.4 times high-
er than the baseline value in rat lung. HGF protein con-
centration in plasma was also measured at the same
intervals after thoracic irradiation. It remained below
estimated levels (less than 0.2 ng·mL-1) throughout the
examined period of examination after thoracic irradia-
tion. In the group examined 2 months later, one rat had
died before the examination. Pleural effusion was found
in two of five rats in the group examined 2 months after
irradiation. Two rats had died by the third month after
treatment while two rats had died in the group exam-
ined 6 months later.

Analysis of BALF and serum HGF in patients

Table 2 shows an outline of the data obtained for
BALF. The number of cells, percentage of lymphocytes,
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Fig. 1.  –  Changes of hepatocyte growth factor (HGF) protein lev-
els in lung of rats after whole thoracic irradiation. Value are presented
as mean±SD of triplicate experiments, conducted on five rats per group
(four rats at 2 months, three rats at 3 and 6 months). *: p<0.05 com-
pared to control value.

Table 2.  –  Comparison of substances in the bron-
choalveolar lavage fluid of irradiated and control areas

Irradiated Control p-value
area area

(n=11) (n=11)

Cell number  cells·mL-1 128±94 118±76 NS

Macrophage  % 60±24 67±26 NS

Lymphocyte  % 32±25 29±26 NS

Neutrophil  % 6.45±9.2 3.3±4.9 NS

Eosinophil  % 1.8±2.7 0.26±0.4 NS (p=0.07)
Total protein mg·dL-1 31±29 24±23 NS

Albumin mg·dL-1 15.4±15 11±10 NS

HGF ng·mL-1 0.3±0.4 1.1±1.2 p<0.05
HGF/Albumin ng·mg-1 0.17±0.2 1.9±2.5 NS

PIIIP U·mL-1 0.48±0.65 0.27±0.21 NS

CD4  % 27±17 24±18 NS

CD8  % 28±17 22±15 NS

CD4/CD8 0.84±0.48 0.93±0.57 NS

CD25  % 5.4±4.9 6.0±6.6 NS

Interleukin-6 pg·mL-1 35±45 68±108 NS

HGF: hepatocyte growth factor; PIIIP: aminoterminal peptide
of type III precollagen. NS: nonsignificant.



protein and albumin concentrations, and PIIIP and
CD4/CD8 ratios showed no significant differences be-
tween the irradiated and control areas. The HGF pro-
tein level in the irradiated area, however, showed a
lower value (0.3±0.4 ng·mL-1) compared to that of the
control area value (1.1±1.2 ng·mL-1, p<0.05). Individual
values of HGF protein levels are shown in figure 2. The
HGF concentration divided by albumin in the irradiat-
ed area was also lower than that of the control area
(nonsignificant).

In cellular fractions, the total number of cells incre-
ased in both the irradiated and control areas. Percentag-
es of lymphocyte and neutrophils also showed increases
in both areas, while slight elevation was seen in the per-
centage of eosinophils in the irradiated area (nonsigni-
ficant). Total protein and albumin increased in both
areas compared to normal control values, but the per-
centages of CD4, CD8, and CD25 showed no change
in this analysis. For PIIIP and IL-6, no significant chan-
ges were found between the irradiated and control areas.
However, levels of these two entities seemed to be high-
er than normal values, but we did not have access to a
well-established normal range for PIIIP and IL-6. Finally,
analysis of serum HGF showed no significant changes
after irradiation (fig. 3).

Radiation pneumonitis in patients

Almost all patients showed abnormal shadows on fol-
low-up CT scans (table 3), although clinical radiation
pneumonitis appeared in only one patient (patient 3) 2
months after completion of radiation therapy (table 2,
fig. 2), and was successfully treated. The patient show-
ed a slightly higher level of serum HGF, 0.4 ng·mL-1

before and 0.6 ng·mL-1 after radiation therapy.

Discussion

This study showed that HGF protein level decreased
after 1 month and increased 2 and 3 months after tho-
racic irradiation in rats accompanied by clinical symp-
toms of radiation pneumonia such as pleural effusion
and infiltration of inflammatory cells seen on photomi-
crographs (data not shown). Inflammation inducible
cytokines such as IL-6 and interferon, which are report-
ed to be inducers of HGF, are also induced by irradia-
tion stimulation [25, 26]. Thus, these multiple cytokines
supposedly introduce elevated HGF expressions con-
currently with inflammation. HGF reverted to baseline
value 6 months after irradiation, concurrent with the dis-
appearance of other symptomatic changes. As serum
HGF in patients with lung diseases is reportedly high-
er [22], HGF is also thought to be one of the inflam-
mation inducing cytokines in human lung. In fact, as
HGF production is regulated by multiple factors, we
think that these changes do not represent a direct induc-
tion of HGF by irradiation, but are the result of indi-
rect and complicated pathways involving radiation lung
injury.

As BALF represents one of the most sensitive indi-
cators of local lung physiological changes, we carried
out BAL to obtain the BALF from 11 patients just after
radiation therapy. We could not detect any difference
in the components between the irradiated and nonirra-
diated areas, except for HGF. An increase in the num-
ber of cells as well as elevation of protein and albumin
levels in BALF were recognized in both irradiated and
control areas. Elevation of cell counts in BALF accom-
panied by an increase in the number of lymphocytes,
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Fig. 2.  –  Hepatocyte growth factor (HGF) protein levels in the bron-
choalveolar lavage fluid of 11 patients after completion of radiation
therapy. ● : patients who showed clinical symptoms of radiation pneu-
monia. *: p<0.05.
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Fig. 3.  –  Changes of serum hepatocyte growth factor (HGF) pro-
tein levels in 11 patients before and after radiation therapy. ● : patients
who showed clinical symptoms of radiation pneumonia. NS: nonsig-
nificant.

Table 3.  –  Outcome of patients treated with radiation
therapy

Patient Outcome Duration Alive/ Radiation
No. of after Dead pneumonitis

treatment treatment
CT Clinical

1 CR 28 Alive + -
2 NC 18 Dead + -
3 MR 9 Dead + +
4 PR 14 Dead - -
5 PR 24 Alive + -
6 PR 11 Dead + -
7 PR 5 Dead + -
8 NC 3 Alive + -
9 PR 4 Alive + -

10 MR 15 Dead + -
11 PR 8 Dead + -

CT: computed tomography; CR: complete response; PR: par-
tial response; NC: no change; MR: minor response.



concurrent with permeability oedema and release of col-
lagenolytic enzymes after irradiation, is a well documen-
ted phenomenon [27]. IL-6 may also increase in both
areas. These intrapulmonary diffuse changes seem to re-
present a previously existing basic inflammatory reaction
induced by several factors, i.e. chemotherapy and/or
malignancies.

In patients with thoracic malignancies after radiation
therapy, BALF in the irradiated lung showed a decrease
of HGF concentration, while decreasing HGF protein
level in rat lung 1 month after irradiation seemed to
support the result obtained for BALF. From this evi-
dence, we assumed that HGF production was transi-
tionally suppressed after irradiation. RUBIN et al. [28]
cited transforming growth factor β (TGFβ) as one of
the mainstays of radiation induced lung injury which
was found to increase just after irradiation, accompani-
ed by a change in permeability and fibrosis. In addition,
MATSUMOTO et al. [8] reported that TGFβ suppresses
HGF production in cell culture. Thus, in addition to the
direct damage to HGF production cells by irradiation,
TGFβ has the potential to suppress HGF expression
after irradiation.

Several limitations of this study need to be consid-
ered. First, we assessed HGF levels in BALF at only
one time point, so that the time course of post-irradia-
tion HGF changes in BALF could not be assessed.
Secondly, as only one patient showed clinical radiation
pneumonitis, it could not be established whether HGF
correlated with radiation pneumonitis.

HGF is not only a strong mitogen and motogen as a
result of regeneration, but also a cytokine having poten-
tial cytoprotection as reported in liver and kidney [15,
16]. If HGF can prevent radiation lung injury, HGF may
have the potential to be used for that purpose. However,
this concept needs further examination and study.

In summary, hepatocyte growth factor in irradiated
lung, as evidenced in the bronchoalveolar lavage fluid
of patients with thoracic malignancies, showed lower
levels than in nonirradiated areas after completion of
radiation therapy. In rat, hepatocyte growth factor pro-
tein level in lung tissue decreased 1 month after total
thoracic irradiation, showed elevation 2–3 months after-
ward, and returned to previous values 6 months after
thoracic irradiation.
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