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HGF (hepatocyte growth factor), a member of endo-
thelium-specific growth factors, might contribute to
protection and/or repair of vascular endothelial cells
injured by high blood pressure (BP). If so, serum HGF
level might be elevated in response to endothelial cell
damage. To test this hypothesis, we measured serum
levels of HGF in hypertensive and normotensive pa-
tients. Serum HGF concentration in hypertensive pa-
tients without any complication was significantly
higher than normal subjects (p<0.001). Serum HGF
concentration showed a significant positive correla-
tion with BP (p<0.01). Interestingly, serum HGF con-
centration in hypertensive patients with complica-
tions was significantly higher than that in hyperten-
sive patients without complication and normotensive
subjects (p<0.01). Of importance, hypertensive pa-
tients treated with antihypertensive drugs showed the
same level of serum HGF concentration as normoten-
sive subjects (p<0.001). The present study demon-
strated that serum concentration of HGF is signifi-
cantly elevated dependent on the severity of hyperten-
sion, suggesting that HGF may be a new index of the
severity of hypertension. o© 1998 Academic Press
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HGF is a mesenchyme-derived pleiotropic factor which
regulates cell growth, cell motility, and morphogenesis of
various types of cells, and is thus considered a humoral
mediator of epithelial-mesenchymal interactions respon-
sible for morphogenic tissue interactions during embry-
onic development and organogenesis (1-3). Serum HGF
concentration has been reported to be elevated in re-
sponse to organ damage, such as in hepatitis and nephri-
tis (1,4-6). Recently, we have reported that HGF is a novel
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member of endothelium-specific growth factors whose mi-
togenic activity is the most potent among various growth
factors in human aortic endothelial cells (7). Moreover,
the presence of a local HGF system has been described
in various tissues including blood vessels (1-3,8). There-
fore, the local HGF system may have a protective role in
the regulation of local function. The local HGF system
has been reported to be controlled by the balance of trans-
forming growth factor (TGF-g), angiotensin Il and HGF
itself, since TGF-6 and angiotensin Il are strong suppres-
sers and HGF itself is a positive regulator of local HGF
production (9-13).

On the other hand, endothelial dysfunction in hyper-
tensive patients is well known (14-17). Probably, the
loss of endothelium-derived substances (prostaglandin
I,, nitric oxide, C-type natriuretic peptide) may be re-
lated to the development and progression of atheroscle-
rosis/arteriosclerosis in hypertensive patients (18,19).
Taken together, we hypothesized that HGF might con-
tribute to protection or repair of vascular endothelial
cells. If so, serum HGF level might be elevated in re-
sponse to endothelial cell damage induced by hyperten-
sion. Indeed, we have previously reported that serum
HGF concentration in hypertensive patients was sig-
nificantly higher than that in normotensive patients
(20). However, the previous study failed to show the
role of circulating HGF in hypertension, and the num-
ber of hypertensive patients in the previous study was
limited. In this study, we evaluated the relationship
between circulating HGF and the severity of blood pres-
sure (BP) in normotensive individuals and hyperten-
sive patients, to elucidate the role of HGF.

MATERIALS AND METHODS

Normotensive and hypertensive subjects. For the study of serum
HGF concentration, 57 normotensive controls (31 males and 26 fe-
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males, 59 = 2 [mean *+ S.E.] years old) and 171 age-matched hyper-
tensive patients (91 males and 80 females, 61+ 2 years old) were
studied. There was no significant change in body mass index and
renal function between normotensive and hypertensive subjects. The
171 hypertensive patients were divided into 69 hypertensive patients
never treated (37 males and 32 females, 62 + 2 years old) and 102
hypertensive patients treated with antihypertensive drugs for at
least six months (54 males and 48 females, 60 + 1 years old). Further-
more, untreated hypertensive patients were divided into 40 patients
without complication (WHO 1) and 29 patients with complications
(WHO I1 + 111). Alternatively, the normotensive group and hyperten-
sive group were also divided into three stages of hypertension ac-
cording to the guideline of WHO/ISH 1993, for further analysis (21).
Secondary causes of hypertension were ruled out by clinical and
laboratory findings. Patients with hepatic disease, lung disease, dia-
betes mellitus or hyperlipidemia were excluded from this study.

Blood pressure measurement. Blood pressure was measured in a
standardized setting in the clinic in the morning before the subjects
had taken any drugs, between 0830 and 1030 h. Blood pressure was
taken with the patients lying, using a standard sphygmomanometer,
to the nearest 2 mmHg, in the right arm, Korotkoff phases | and V
being taken as systolic blood pressure (BP) and diastolic blood pres-
sure, respectively. BP measurement was repeated at least three
times in a blind fashion, and mean values of repeated measurements
represented values of BP.

Blood sampling and HGF measurement. Antecubital venous
blood was taken during the morning hours, 0700-0900, after an over-
night fast. Serum was immediately separated by centrifugation at 4
°C, and stored at —20 °C until assay. Serum HGF concentration was
assayed using a recently developed EIA for use in humans (20,22).
Rabbit anti-human HGF 1gG was coated on a 96-well plate (Corning)
at 4°C for 15 hours. After blocking with 3% bovine serum albumin
in phosphate-buffered saline (PBS), serum was added to each well,
and the preparation was incubated for 2 hours at 25°C. Wells were
washed three times with PBS containing 0.025% Tween 20 (PBS-
Tween), then biotinylated rabbit anti-human HGF 1gG was added
and the preparation was incubated for 2 hours at 25°C. After washing
with PBS-Tween, wells were incubated with horseradish peroxidase-
conjugated streptoavidin-biotin complex in PBS-Tween. The enzyme
reaction was initiated by adding substrate solution composed of 2.5
mg/ml o-phenylenediamine, 100 mM sodium phosphate, 50 mM citric
acid, and 0.015% H,O,. The enzyme reaction was halted by adding
1 M H,SO,, and absorbance at 490 nm was measured.

Statistical analysis. All values are expressed as mean + SEM.
Analysis of variance with subsequent Bonferroni's test was employed
to determine the significance of differences in multiple comparisons.
Multiple regression analyses were used to assess the relation be-
tween blood pressure and other parameters. Values of p<0.05 were
considered statistically significant.

RESULTS

Serum HGF Concentration in Normotensive Subjects
and Untreated Hypertensive Patients

First, we measured serum HGF concentration in nor-
motensive subjects and hypertensive patients who had
never been treated with antihypertensive drugs. As
shown in Fig. la, serum HGF concentration in un-
treated hypertensive patients was significantly higher
than that in the normotensive group (p<<0.001). To fur-
ther analyze the relationship between serum HGF con-
centration and BP, we divided the hypertensive group
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FIG. 1. (a) Serum HGF concentration in normotensive and hy-

pertensive subjects. Normotensive = normotensive subjects (n = 57),
Hypertensive = hypertensive subjects without complication (n = 40).
**p<0.01, *p<0.05 vs. Normotensive. (b) Serum HGF concentration
according to the WHO/ISH (1003) classification in normotensive and
hypertensive subjects. Normotensive = normotensive subjects (n =
57), Mild hypertension = hypertensive subjects without complication
(Systolic BP 140-180/Diastolic BP 90-105; n = 28), Moderate and
severe hypertension = hypertensive subjects without complication
(Systolic BP >180/Diastolic BP >105; n = 12). **p<0.01, *p<0.05
vs. Normotensive.

into three stages of hypertension, according to WHO/
ISH 1993. Serum HGF concentration in mild hyperten-
sives (140-180 mmHg/90-105 mmHg; n = 28) was sig-
nificantly higher than that in the normotensive group
(p<0.01). Serum HGF concentration in moderate and
severe hypertensives (over 180 mmHg/ over 105
mmHg; n = 12) was significantly higher than that in
normotensive subjects and mild hypertensive patients
(p<0.001, Fig. 1b). Moreover, serum HGF concentra-
tion in the hypertensive group without complication
was significantly positively correlated with systolic BP
(r =0.59, p<0.001) and diastolic BP (r = 0.51, p<0.001)
(Fig. 2).

Next, we evaluated the effect of complications on se-
rum HGF concentration in hypertensive subjects.

239



Vol. 242, No. 1, 1998
A ' r=0.59
9k p<0.01 P
c
o 38}
w7
} -
= 6
c
o3
c§.4
SEs
w .2
g
0 L 1 1 1 1 1 1 1
60 80 100 120 140 160 180 200 220
Systolic BP
(mmHg)
B 1. r=0.51
<0.
c s ° p<0.01
O st
=
o .7
5
gA.s
BES
:}0-4
O c
Oo~3
w =2
o 1
T -
0 L L L L L —
40 60 80 100 120 140 160
Diastolic BP

(mmHg)

FIG. 2. Relation between serum HGF concentration and (a) sys-
tolic BP, and (b) diastolic BP. n = 97.

Therefore, we divided the hypertensive patients into
two groups (WHO | and WHO I1I/111). Of importance,
serum HGF concentration in hypertensive patients
with complications (WHO 11/111) was significantly
higher than that in patients without complication
(WHO 1) (p<0.001, Fig. 3). To exclude the effect of BP,
we compared serum HGF concentration in hyperten-
sive subjects who showed the same BP level. Serum
HGF concentration in hypertensive patients with com-
plications was higher than that in hypertensive pa-
tients without complication in both mild, and moderate
and severe hypertension (p<0.01, Fig. 4).

Serum HGF Concentration in Hypertensive Patients
Treated with Antihypertensive Drugs

Finally, to examine whether increased serum HGF
concentration is due to increased BP and the presence
of complications, we also measured serum HGF concen-
tration in hypertensive patients treated with antihy-
pertensive drugs. Interestingly, serum HGF concentra-
tion in hypertensive patients treated with antihyper-
tensive drugs was significantly lower than that in
hypertensive patients who had never been treated
(p<0.01, Fig. 5a). There was no significant difference in
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FIG. 3. Serum HGF concentration according to WHO stage in
normotensive and hypertensive subjects. Normotensive = normoten-
sive subjects (n = 57), WHO stage | = hypertensive subjects with
WHO stage | (n = 40), WHO stage I1/111 = hypertensive subjects at
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serum HGF concentration between the normotensive
subjects and hypertensive patients without complica-
tion treated with antihypertensive drugs (Fig. 5a). The
effects of various antihypertensive drugs on serum
HGF concentration were also evaluated. However,
there were no significant differences among the pa-
tients treated with calcium antagonists, ACE inhibi-
tors and other drugs (Fig. 5b).

DISCUSSION

We have focused on the pathophysiological role of
endothelial cells, since locally synthesized com-
pounds from endothelial cells and vascular smooth
muscle cells (VSMC) have been postulated to control
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FIG. 5. (a) Serum HGF concentration in normotensive and hy-

pertensive subjects with and without antihypertensive drug treat-
ment. Normotensive = normotensive subjects (n = 57), Hypertensive
(treated) = hypertensive subjects treated with antihypertensive
drugs (n = 102), Hypertensive (untreated) = untreated hypertensive
subjects (n = 69). **p<0.01, *p<0.05 vs. Complication (—). (b) Effects
of different antihypertensive drugs on serum HGF concentration in
hypertensive subjects. Ca antagonist = hypertensive subjects treated
with calcium antagonists (n = 38), ACE inhibitor = hypertensive
subjects treated with ACE inhibitors (n = 18), CA + ACE = hyperten-
sive subjects treated with combination of calcium antagonists and
ACE inhibitors (n = 19), Others = hypertensive subjects treated with
other antihypertensive drugs except calcium antagonists and ACE
inhibitors (n = 27). **p<0.01, *p<0.05 vs. Complication ().

local vascular function (1-3,23-25). From this view-
point, the maintenance of endothelial cells is very
important, given their antiproliferative and vasodi-
lating actions. Indeed, disruption or dysfunction of
endothelial cells results in loss of multiple endothe-
lium-derived substances (PGI,, NO, CNP), resulting
in the shift of balance of VSMC growth to abnormal
growth such as in atherosclerosis. In hypertensive
patients, the loss of vasodilating properties of resis-
tance vessels is well known, probably due to the de-
crease in NO content and increase in hypertrophy
and/or hyperplasia of VSMC induced by hypertension
(14-17). Therefore, we sought an endothelium-spe-
cific growth factor that does not stimulate VSMC
growth. As previously reported, HGF fulfills the
above characteristics (13). HGF is also known to be
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a mesenchyme-derived pleiotropic factor which regu-
lates cell growth, cell motility, and morphogenesis of
various types of cells and thus is considered a hu-
moral mediator of epithelial-mesenchymal interac-
tions responsible for morphogenic tissue interactions
during embryonic development and organogenesis (1-
3). As mentioned earlier, a local HGF system (HGF
and its receptor, c-met) has also been identified in
vascular cells (8). Our preliminary data showed that
vascular and cardiac HGF concentrations in sponta-
neously hypertensive rats (SHR) were significantly
lower than those in Wistar-Kyoto rats (WKY) in re-
sponse to increased local TGF-4 and angiotensin 11,
and serum HGF concentration was increased in SHR
as compared to WKY (26).

As HGF may have a role in the prevention of endo-
thelial dysfunction, we hypothesized that HGF might
contribute to the protection or repair of vascular en-
dothelial cells. If so, serum HGF level might be ele-
vated in response to endothelial cell damage induced
by hypertension. Our clinical data indicated that se-
rum HGF concentration was significantly positively
correlated with BP, consistent with our previous
finding (20). In this study, we revealed a significant
correlation of serum HGF concentration with systolic
BP and diastolic BP, whereas our previous study
demonstrated a significant correlation with only sys-
tolic BP. This difference may have been due to in-
creased sample number, since our previous study
showed a tendency, but no significance. The present
data also indicated that serum HGF concentration
was strongly correlated with systolic BP, rather than
diastolic BP, since systolic BP has been thought to
be related to the arteriosclerotic changes in the vas-
culature rather than diastolic BP. Of importance, the
present study demonstrated a further elevation of
serum HGF concentration in the hypertensive pa-
tients with complications such as arteriosclerosis.
The level of serum HGF seems to be dependent on
BP level as well as the presence of complications such
as arteriosclerosis. Therefore, we examined whether
elevation of serum HGF level in hypertensive pa-
tients is due to raised BP and the presence of compli-
cations. Interestingly, long-term treatment with an-
tihypertensive drugs normalized serum HGF concen-
tration to the same level as that in normotensive
subjects. As it is well known that antihypertensive
drugs such as ACE inhibitors and calcium antago-
nists improve endothelial function in hypertension
(27-30), elevation of serum HGF concentration may
be considered an index of arteriosclerotic vascular
changes. Unfortunately, we failed to prove that the
improvement of endothelial dysfunction would nor-
malize serum HGF concentration, since there was no
significant difference among various antihyperten-
sive drugs. Our patients were mainly treated with
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calcium antagonists, beta-blockers and ACE inhibi-
tors, but not diuretics and vasodilators which are
known to have minimal effects on the improvement
of endothelial dysfunction. Further studies are neces-
sary to determine the exact effect of endothelial dys-
function on serum HGF concentration.

What is the pathophysiological role of circulating
HGF? Recent findings also revealed that HGF may play
an important role in tissue regeneration (1-6). For ex-
ample, HGF mRNA and blood HGF levels increase rap-
idly and markedly with hepatic injury and disease
(4,31), and intravenously injected recombinant HGF
markedly enhanced liver regeneration in vivo (32). Sys-
temic HGF may work in tissue regeneration as a hu-
moral mediator, in addition to autocrine-paracrine lo-
cal HGF production. However, these results support
the hypothesis, that systemic HGF is not sufficient to
promote tissue regeneration due to decrease in local
HGF production. Our preliminary results, that local
HGF concentration in heart and blood vessels of experi-
mental hypertensive rats was decreased as compared
to normotensive control (26), are consistent with this
hypothesis. Since serum HGF concentration is in-
creased in hypertensive patients, serum HGF may act
protectively against endothelial dysfunction in organs
such as the vasculature and kidney.

Besides acting as a growth factor, HGF also has an
important role in the regulation of thrombosis, as HGF
belongs to the family of kringle proteins, characterized
by a triple disulfide loop structure (kringles), that medi-
ate protein/protein and protein/cell interactions (33).
Although our previous study demonstrated no relation-
ship between serum HGF concentration and total cho-
lesterol, t-PA, PAI-1 and Lp (a) (20), increased serum
HGF concentration may have a role in the regulation
of thrombosis. Overall, the present study demonstrated
that serum concentration of HGF, a novel endothelial
specific growth factor, is significantly elevated accom-
panied with the severity of hypertension, and that ele-
vated serum HGF concentration could be normalized
by anti-hypertensive treatment. These results sug-
gested that HGF may be a new index of the severity of
hypertension.
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