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Pharmacokinetics and Safety of Human Recombinant Hepatocyte
Growth Factor Administered to Vocal Folds

Masanobu Mizuta, MD; Shigeru Hirano, MD, PhD; Yo Kishimoto, MD, PhD;
Nao Hiwatashi, MD, PhD; Ichiro Tateya, MD, PhD; Shin-ichi Kanemaru, MD, PhD;
Tatsuo Nakamura, MD, PhD; Juichi Ito, MD, PhD

Objectives/Hypothesis: Previous animal studies demonstrated that hepatocyte growth factor (HGF) has the potential to
regenerate scarred vocal folds. In addition, HGF is now produced under a good manufacturing practice (GMP) procedure.
Therefore, human clinical trials of HGF are warranted in patients with vocal fold scarring. In the current study, we investi-
gated the pharmacokinetics and the local tissue responses of HGF administered to rat vocal folds.

Study Design: Prospective animal experiment.

Methods: Five ug of recombinant human HGF was administered to the vocal folds of Sprague-Dawley rats (n = 60) using
a microsyringe. The concentration of HGF in larynges and blood was investigated by enzyme-linked immunosorbent assay. To
evaluate the local tissue responses caused by HGF administration, endoscopic and histological examinations were performed.

Results: HGF concentration in the larynges was 50.1 ug/g tissue 5 minutes after administration. The concentration
decreased rapidly to 1.71 ug/g tissue at 12 hours after administration and to 0.29 ng/g tissue at 24 hours after administra-
tion. Seven days after administration, HGF concentration was minimal in one-half of the cases and was not detected in the
other cases. Transmission of HGF to blood was detected in two of six cases at 5 minutes after administration, but was no lon-
ger detected 12 hours later. Endoscopic and histological examinations revealed no edema or erythema of the vocal folds in
any of the cases.

Conclusions: The current results contribute to the safety and pharmacokinetic management of future clinical trials using

HGF administered to vocal folds.

Level of Evidence: N/A.

Key Words: Hepatocyte growth factor, vocal fold, pharmacokinetics, safety.

Laryngoscope, 124:2131-2135, 2014

INTRODUCTION

Vocal fold scars result from a disruption of the layer
structure in the vocal fold mucosa. This is caused by
injury and inflammation, including chronic vocal abuse
and laser surgery of the vocal folds. Once vocal folds are
scarred, the vocal mucosa stiffens, the viscoelasticity of
vocal folds is decreased, and permanent dysphonia
occurs. Histological studies revealed dense disorganized
collagen deposition and a reduction of hyaluronic acid
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(HA), elastin and, decorin.™ To date, no consistent
treatment has been developed to treat vocal fold scar-
ring. Voice therapy cannot restore the histological altera-
tion. Augmentation procedures, including fat injection
and medialization thyroplasty, can lessen the glottic gap
but do not significantly improve mucosal function. Tech-
nology to improve mucosal function has been warranted.

Hepatocyte growth factor (HGF) was originally
purified from the plasma of the patients with fulminant
hepatic failure.® Human HGF has two natural forms: 1)
full-length HGF composed of 697 amino acid residues
and 2) a five amino acid-deleted type HGF (dHGF),
which lacks the F-L-P-S-S amino acid residues in the
first kringle domain.%” HGF plays a significant role in
embryogenesis, angiogenesis, organ regeneration, and
wound healing—and has been reported to have benefi-
cial effects in several organs including kidney, & liver,®
and lung.’® HGF also has a favorable potential for the
treatment of vocal fold scarring. Animal studies demon-
strated that local administration of full-length HGF to
scarred vocal folds increased HA and reduced collagen
deposition in the lamina propria of the vocal folds, lead-
ing to an improvement of viscoelasticity of the vocal
folds.*>'? In vitro studies using fibroblasts derived from
vocal folds showed that full-length HGF increased the
mRNA expression of hyaluronic acid synthase (HAS)-1
and HAS-2 and increased HA production.’®'* A
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comparison study of dHGF with full-length HGF showed
that dHGF had a similar potential for regenerative
effects on vocal fold scars as full-length HGF.*® Recently,
dHGF has begun to be produced under good manufactur-
ing practice (GMP) procedures. Therefore, human clini-
cal trials of dHGF in patients with vocal fold scarring
are warranted.

Pharmacokinetic and safety tests using animals are
essential before human clinical trials can commence.
Previous pharmacokinetic studies using rats indicated
that liver is the major clearance organ for HGF.'6
Sugiura et al. investigated the pharmacokinetics of
dHGF administered intravenously, which demonstrated
that the kidneys have a minimal contribution to clear-
ance of dHGF.' In addition, a pharmaceutical company
has performed various pharmacokinetic and safety tests
of dHGF administered intravenously (unpublished data).
However, there are no pharmacokinetic and safety tests
on dHGF administered to vocal fold mucosa.

In the current study, we investigated the concentra-
tion of dHGF in vocal folds and transmission to blood
after administration of dHGF to rat vocal folds. In addi-
tion, we specifically address concerns regarding the
administration of HGF to the vocal fold center and
whether administration to vocal folds causes swelling of
vocal folds or narrowing of the airway. Endoscopic and
histological examinations were performed to evaluate
local tissue responses caused by administration of dHGF.

MATERIALS AND METHODS

Animals and Drug Treatment

Recombinant human hepatocyte growth factor, which is
the five amino acid-deleted type, was supplied by Kringle
Pharma Inc. (Osaka, Japan) and diluted to 1 mg/mL in 2 mM
citrate buffer (pH 6.0) containing 0.002% polysorbate 80, 0.15 M
NaCl, 0.16 mg/mL glycine, and 3 mg/mL lactose.

Sixty 13-week-old male Sprague-Dawley rats were used in
this study. All experimental protocols were approved by the ani-
mal research committee of Kyoto University Graduate School of
Medicine. Animal care was provided by the Institute of Labora-
tory Animals of Kyoto University.

Evaluation of HGF Concentration of the
Solution Discharged Through the Microsyringe

A low concentration of dHGF may be absorbed within the
microsyringe (22-gauge needle; Hamilton Co., Reno, NV) used
in the following experiments. To evaluate the loss of dHGF in
the microsyringe, the concentration of the HGF solution dis-
charged through the microsyringe was measured by enzyme-
linked immunosorbent assay (ELISA). One mg/mL dHGF was
drawn into and discharged through the microsyringe. After the
microsyringe was washed with more than five repeated proce-
dures of suction and discharge of normal saline (NS), the same
procedure was repeated (n = 8).

Injection of HGF or Saline to Vocal Folds

The rats were anesthetized with an intraperitoneal injec-
tion of ketamine hydrochloride (45 mg/kg) and xylazine hydro-
chloride (4.5 mg/kg) after inhalative sedation with diethyl ether.
Atropine sulfate (0.005 mg/kg) was also injected intraperitone-
ally to reduce the secretion of saliva and sputum in the laryn-
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geal lumen. Rats were positioned on a custom-made operation
platform. Visualization of the larynx was achieved with a trans-
oral endoscope connected to video equipment. Topical anesthesia
(5% lidocaine) was applied to the vocal folds to reduce their
movement. Five ul. per vocal fold of 1 mg/mL dHGF or NS was
injected into the vocal folds with the microsyringe. To evaluate
the concentration of dHGF and transmission to blood, dHGF
was injected to the bilateral vocal folds. To evaluate the nonspe-
cific background of the ELISA kit, NS was injected to the bilat-
eral folds (n=6). In addition, for endoscopic and histological
examinations, dHGF was injected into one side of the vocal
folds and NS was injected into the other side.

Extraction of HGF in Larynges

At each time point (n=6), blood was sampled through
intracardiac injection after rats were anesthetized, as described
above. After placing on ice for 2 hours, the blood was centrifuged
at 3,000 rpm for 15 minutes to obtain serum. After sampling the
blood, the rats were humanely euthanized with an intracardiac
injection of pentobarbital sodium (200 mg/kg), and whole lar-
ynges were harvested from each animal. HGF in larynges was
extracted using HGF extraction reagent (Institute of Immunol-
ogy Co., LTD., Tokyo, Japan) following the manufacturer’s proto-
col. Phenylmethanesulfonyl fluoride (PMSF) was prepared by
dissolving 17.4 mg of PMSF in 1 mL of isopropyl alcohol, and
100 mM PMSF was added to the extraction buffer to obtain a
final concentration of 1 mM PMSF. After measuring the weight
of the tissue, the larynges were cut into small pieces and added
to 500 uL of extraction buffer prepared as above. After homoge-
nizing the mixture of larynges and extraction buffer with a Poly-
tron homogenizer (Central Scientific Commerce, Inc., Osaka,
Japan) and a manual homogenizer (As One Inc., Osaka Japan),
the mixture was centrifuged at 15,000 rpm for 30 minutes at
4°C. The intermediate layer (300 pL) was then sampled.

Measurement of HGF Concentration

ELISA was performed using the Immunis HGF EIA (Insti-
tute of Immunology Co., Ltd.), which is reported to specifically
detect human HGF and not rat HGF. Because the recommended
measurement range was under 3 ng/mlL, the extracted samples
were diluted to an adequate concentration with sample diluent
in the Immunis HGF EIA kit. Standard solution was prepared
by diluting 1 mg/mL dHGF with sample diluent. The following
procedures were performed according to the manufacturer’s pro-
tocol. After 50 uL of sample diluent was pipetted into the wells
of a microplate coated with anti-HGF monoclonal antibody, 50
uL of standard solution, or samples were dispensed into each
well. The microplate was then shaken at 500 rpm for 1 hour at
room temperature (primary reaction). After washing the wells
with the washing solution, 100 uL of enzyme-labeled monoclo-
nal antibody was pipetted into each well, and the microplate
was shaken at 500 rpm for 1 hour at room temperature. After
washing wells with the washing solution, 100 uL of the enzyme
substrate solution containing the color developer was pipetted
into each well, and the microplate was left at room temperature
in the dark for 30 minutes. Fifty ul of stop solution was then
added to all wells. The absorbance of each well at 485 nm was
measured using a microplate reader (Fluostar Optima, BMG
Labtech, Ortenburg, Germany). Standard curves were used to
determine HGF concentration in each sample. Because the min-
imum concentration of standard solution was 0.5 ng/mL, the
limit of quantification was designated as 0.5 ng/mL. When HGF
concentration was below the limit of quantification (BLOQ), the
concentration was regarded as zero. The average and standard
deviation were calculated.
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Fig. 1. Hepatocyte growth factor (HGF) concentration of the solu-
tion discharged from the microsyringe. When 1 mg/mL HGF was
drawn into and discharged from the microsyringe used in the cur-
rent study, HGF concentration of the discharged solution was an
average of 0.891 mg/mL (standard deviation 0.128 mg/mL).

Endoscopic Examination

Vocal folds were observed by endoscopy at each of the follow-
ing time points (n = 6): 5 minutes, 1 hour, 3 hours, 12 hours, 24
hours, 3 days, and 7 days after administration of dHGF to the
vocal folds. Before endoscopic examination, the rats were anesthe-
tized with an intraperitoneal injection of ketamine hydrochloride
(45 mg/kg) and xylazine hydrochloride (4.5 mg/kg) after inhalative
sedation with diethyl ether. After the images were recorded and
randomized, the presence of swelling or redness was evaluated.

Histological Examination

Histological examinations were performed 24 hours, 3
days, and 7 days after administration of dHGF (n=6). Whole
larynges were harvested from each animal after humane eutha-
nasia with an intracardiac injection of pentobarbital sodium
(200 mg/kg). The harvested whole larynges were immersed in
4% paraformaldehyde for 24 hours and then in 30% sucrose for
24 hours. Tissues were then soaked in embedding medium
(Optimum Cutting Temperature Compound; Tissue-Tek Inc.,
Kyoto, Japan) and frozen quickly with liquid nitrogen. Ten um-
thick cryostat sections (Leica, CM 1850 Kryostat; Leica Instru-
ments GmbH, Nussloch, Germany) of whole larynges were
made vertical to the glottis (coronal sections), air-dried, and
stored at —80°C until use. For histological examination, hema-
toxylin and eosin staining was performed. Images were cap-
tured at 10X magnification with a Biorevo BZ-9000 microscope
(Keyence Corp., Osaka, Japan). After the images were random-
ized, the presence of swelling of the vocal folds or infiltration of
inflammatory cells into the vocal folds was evaluated.

RESULTS

Loss of HGF During Suction Into and Discharge
Through the Microsyringe

When 1 mg/mL dHGF was drawn into and dis-
charged from the microsyringe used in the current
study, HGF concentration of the discharged solution was
an average of 0.891 mg/mlL (standard deviation [SD];
0.128 mg/mL) (Fig. 1).
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Nonspecific Background of ELISA

HGF concentration was detected at 2.44 ng/g tissue
in one of six NS-injected control rats, whereas HGF was
not detected in the other cases.

Concentration of HGF in Larynges After Local
Administration

HGF concentration was 50061.07 (SD, 7556.66) ng/g
tissue 5 minutes after the administration of dHGF to
the vocal folds. HGF remaining after 12 hours and 24
hours was 1709.76 (SD, 1411.19) ng/g tissue and 290.69
(SD, 170.2) ng/g tissue. Three days after administration,
HGF concentration was below the BLOQ in one of six
cases, and the other cases showed concentrations rang-
ing from 2.06 to 29.17 ng/g tissue (Fig. 2). Seven days
after administration, HGF concentration was BLOQ in
three of six cases, whereas a maximum concentration of
2.49 nglg tissue HGF was detected in the other cases
(Table I).

Transmission of HGF to Blood After
Administration to the Vocal Folds

Five minutes after the administration of dHGF to
the vocal folds, two of six cases showed 0.736 and 0.767
ng/g tissue HGF in serum, whereas HGF concentration
was BLOQ in the other cases. Twelve hours and 24
hours after administration, HGF concentration was
BLOQ in all cases (Table ID).

Endoscopic and Histological Examinations
Endoscopic examinations revealed that vocal folds
were swollen immediately after administration on both
the dHGF-injected and the NS-injected sides (Fig. 3).
However, no swelling of the vocal folds was observed in
any cases at any of the subsequent time points. There
were no cases where redness of the vocal folds was

—
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Fig. 2. Hepatocyte growth factor (HGF) concentration in rat lar-
ynges after administration of HGF to the vocal folds. HGF concen-
tration was 50061.07 (standard deviation [SD] 7556.66) ng/g
tissue 5 minutes after administration. HGF concentration after 12
hours and after 24 hours was 1709.76 (SD 1411.19) ng/g tissue
and 290.69 (SD 170.2) ng/g tissue, respectively.
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TABLE L.

Concentration of Human Hepatocyte Growth Factor
in a Rat Larynx (ng/g tissue).

Three Days After Administration

Rat A Rat B Rat C Rat D Rat E Rat F
BLOQ 2.66 2.06 4.14 6.94 29.17

Seven Days After Administration

Rat A Rat B Rat C Rat D Rat E Rat F
BLOQ BLOQ BLOQ 1.98 2.49 2.20

BLOQ = below the limit of quantification.

observed. Swelling of the vocal folds or infiltration of
inflammatory cells into the vocal folds was not detected
in any of the cases upon histological examination
(Fig. 4).

DISCUSSION

The current study investigated HGF concentration
in the solution discharged through a microsyringe to be
used in the experiments. A low concentration of dHGF
has the possibility to be adsorbed especially to glass and
to be discharged at a concentration less than we assume.
We found that the HGF concentration of the discharged
solution was 0.891 mg/mL (89.1%) when 1 mg/mL dHGF
was drawn into and discharged through a microsyringe.
This demonstrated that 1 mg/mL dHGF was discharged
with an acceptable loss through the microsyringe used
in the current study.

Next, we investigated the nonspecific background
response of the ELISA using the Immunis HGF EIA kit.
One of six NS-administered control larynges had 2.44
ng/g tissue of human HGF. This revealed that the back-
ground nonspecific measurement of human HGF in rat
larynges was approximately 2.5 ng/g tissue.

Because 89.1% of dHGF was discharged through
the microsyringe and the average weight of the rat lar-
ynges was 141 mg, 8.91 ug (63.19 ug/g tissue) of dHGF
was calculated to be administered to the rat larynges.
The concentration of dHGF 5 minutes, 12 hours, and 24
hours after administration was 50.06 ug /g tissue, 1.71

TABLE II.

Serum Concentration of HGF After Administration of HGF into
Vocal Folds {(ng/mL).

5 minutes 12 hours 24 hours
Rat A BLOQ BLOQ BLOQ
Rat B BLOQ BLOQ BLOQ
Rat C BLOQ BLOQ BLOQ
Rat D 0.736 BLOQ BLOQ
Rat E BLOQ BLOQ BLOQ
Rat F 0.767 BLOQ BLOQ

BLOQ = below the limit of quantification; HGF = hepatocyte growth
factor.
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Fig. 3. Endoscopic examinations were performed at each of the
following time points: immediately, 1 hour, 3 hours, 6 hours, 12
hours, 24 hours, 3 days, and 7 days after administration of Hepa-
tocyte growth factor (HGF) to the vocal folds. HGF was adminis-
tered to the right side of the vocal folds. Normal saline (NS) was
administered to the left side. Although both sides of the vocal
folds were swollen immediately after administration, no swelling of
the vocal folds was observed in any case at any of the other time
points. There were no cases where redness of the vocal folds was
observed. Ary = arytenoid cartilage.

uglg tissue, and 0.29 ug/g tissue, which were calculated
to be 79.22%, 2.71%, and 0.46% of the administered
dHGF. Considering that the ELISA showed approxi-
mately 2.5 ng/g tissue as a nonspecific background, the
larynges where the concentration of dHGF was approxi-
mately 2.5 ng/g tissue were considered to have no dHGF.
This suggests that three of six larynges had no dHGF 3
days after administration, and no larynges had any
HGF 7 days after administration.

Regarding transmission of dHGF administered to a
larynx to the blood, the serum concentration of HGF
was 0.73 to 0.76 ng/mL in two of six cases and BLOQ in
the other cases 5 minutes after local administration to
the vocal folds. Twelve and 24 hours after administra-
tion, there were no cases where HGF was detected in
the serum. In phase I/II clinical trials of patients with
fulminant hepatitis in Japan, 0.6 mg/m? of HGF was

24 hours

Fig. 4. Histological examinations were performed 24 hours, 3
days, and 7 days after administration of hepatocyte growth factor
(HGF) to the vocal folds. HGF was administered to the right side
of the vocal folds. Normal saline (NS) was administered to the left
side. There were no cases where the swelling of the vocal folds or
infiltration of inflammatory cells into the vocal folds was detected.
Scale bar =200 um.
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TABLE HI.
Size of Vocal Folds (n = 3) (average SD).

Length (L), mm Width (W), mm Depth (D), mm LXWXD

Human  14.7 (0.6) 5.7 (0.6) 50(1.0)  418.0 (105.7)
Beagle 11.7 (0.6) 43(1.2) 4.0 (0.0)  204.0 (62.4)
Rat 2.6 (0.4) 1.1 (0.1) 1.2 (0.1) 3.2 (0.3)

Depth = distance from the upper surface to the lower surface;
length = distance from the anterior commissure to the vocal process;
width = distance from the free edge of vocal fold to the laryngeal ventricle;
SD = standard deviation.

administered intravenously and revealed a maximum
drug concentration (Cmax) of 22.3 ng/mL.'® Neverthe-
less, no severe adverse reactions were observed. This
suggests that the concentration of dHGF transmitting to
the blood after administration to the vocal folds was too
little to cause any adverse problems.

Possible unfavorable responses of administration of
HGF to the larynx include swelling of the vocal folds
and the surrounding tissues, which leads to narrowing
or closure of the airway. In endoscopic examinations,
although swelling of the vocal folds was observed imme-
diately after injection in all cases, this occurred similarly
on both the HGF-injected side and the NS-injected side.
Therefore, this was considered to be caused by the injec-
tion of fluid. At all time points after 1 hour, no swelling
or redness suggesting local tissue responses was
observed. In addition, histological examinations showed
no significant swelling of the vocal folds or infiltration of
inflammatory cells into the vocal folds. These endoscopic
and histological examinations suggested that adminis-
tration of HGF into the vocal folds does not cause any
local tissue responses.

When human clinical trials are planned in the
future, the dosage to be used is determined by previous
animal studies. The optimal dosage of HGF' for regenera-
tive effects in rat vocal folds was reported to be 100 ng
HGF per vocal fold.'® In a canine model, 0.5 ug HGF per
vocal fold showed regenerative effects for scarred vocal
folds.™ Table III shows the sizes of larynges in humans,
dogs, and rats. The size of human larynges was meas-
ured in cadavers. This demonstrates that the size of
human vocal folds is approximately 2 and 100 times
larger than that of dogs and rats, respectively. Due to
the differences in size, 100 ng dosage in rats or 0.5 ug
dosage in dogs corresponds to 10 ug or 1 pg HGF in
humans. Therefore, a dosage of HGF from 1 ug to 10 ug
per vocal fold was calculated to be an effective dose for
human vocal folds. In the current study, 5 pg HGF per
vocal fold was administered to rat vocal folds. Five ug in
rats corresponds to 500 to 1,000 g in humans, which is
50 times greater than the maximum dosage suggested to
be used in future clinical trials. The current results sug-
gest that as much as 5 ug HGF per rat vocal fold disap-
peared 7 days after administration, resulted in minimal
transmission to the blood 5 minutes after administra-
tion, and caused no local tissue responses. Therefore, a
maximum dosage of 10 ug per human vocal fold is con-
sidered to be safe and acceptable.

Laryngoscope 124: September 2014

CONCLUSION

The current study demonstrated that dHGF admin-
istered to rat vocal folds disappeared after 7 days, with
minimal transmission to the blood. Endoscopic and his-
tological examinations revealed no edema or erythema of
the vocal folds in any case. The current findings are
expected to contribute to the safe and pharmacokinetic
management of future clinical trials when dHGF is
administered into human vocal folds.

Acknowledgment

This study was supported by a Grand-in-Aid of Ministry of
Health and Welfare in Japan, and the Advanced Research
for Medical Products Mining Program of the National
Institute of Biomedical Innovation (NIBIO).

BIBLIOGRAPHY

1. Hirano S, Minamiguchi S, Yamashita M, Ohno T, Kanemaru S, Kitamura
M. Histologic characterization of human scarred vocal folds. J Voice
2009;23:399-407.

2. Rousseau B, Hirano S, Chan RW, et al. Characterization of chronic vocal
fold scarring in a rabbit model. J Voice 2004;18:116-124.

3. Rousseau B, Hirano S, Scheidt TD, et al. Characterization of vocal fold
scarring in a canine model. Laryngoscope 2003;113:620-627.

4. Tateya T, Tateya I, Sohn JH, Bless DM. Histologic characterization of rat
vocal fold scarring. Ann Otol Rhinol Laryngol 2005;114:183-191.

5. Gohda E, Tsubouchi H, Nakayama H, et al. Human hepatocyte growth fac-
tor in plasma from patients with fulminant hepatic failure. Exp Cell Res
1986;166:139-150.

6. Shima N, Tsuda E, Goto M, et al. Hepatocyte growth factor and its variant
with a deletion of five amino acids are distinguishable in their biological
activity and tertiary structure. Biochem Biophys Res Commun 1994;200:
808-815.

7. Mizuno S, Kurosawa T, Matsumoto K, Mizuno-Horikawa Y, Okamoto M,
Nakamura T. Hepatocyte growth factor prevents renal fibrosis and dys-
function in a mouse model of chronic renal disease. J Clin Invest 1998;
101:1827-1834.

8. Mizuno S, Matsumoto K, Nakamura T. Hepatocyte growth factor sup-
presses interstitial fibrosis in a mouse model of obstructive nephropathy.
Kidney Int 2001;59:1304~1314.

9. Kosai K, Matsumoto K, Funakoshi H, Nakamura T. Hepatocyte growth
factor prevents endotoxin-induced lethal hepatic failure in mice. Hepato-
logy 1999;30:151-159.

10. Shigemura N, Sawa Y, Mizuno S, et al. Amelioration of pulmonary emphy-
sema by in vivo gene transfection with hepatocyte growth factor in rats.
Circulation 2005;111:1407-1414.

11. Hirano S, Bless DM, Nagai H, et al. Growth factor therapy for vocal fold
scarring in a canine model. Ann Otol Rhinol Laryngol 2004;113:777-785.

12. Kishimoto Y, Hirano S, Kitani Y, et al. Chronic vocal fold scar restoration
with hepatocyte growth factor hydrogel. Laryngoscope 2010;120:108-
113.

13. Hirano S, Bless DM, Heisey D, Ford CN. Effect of growth factors on hya-
luronan production by canine vocal fold fibroblasts. Ann Otol Rhinol
Laryngol 2003;112:617-624.

14. Kishimoto Y, Hirano S, Suehiro A, et al. Effect of exogenous hepatocyte
growth factor on vocal fold fibroblasts. Ann Otol Rhinol Laryngol 2009;
118:606—611.

15. Mizuta M, Hirano S, Ohno S, Kanemaru SI, Nakamura T, Ito J. Restora-
tion of scarred vocal folds using 5 amino acid-deleted type hepatocyte
growth factor. Laryngoscope 2014;124:E81-86. doi:10.1002/lary.24413.
Epub 2013.

16. Liu KX, Kato Y, Narukawa M, et al. Importance of the liver in plasma
clearance of hepatocyte growth factors in rats. Am J Physiol 1992;263:
G642-649.

17. Sugiura T, Takahashi S, Sano K, et al. Pharmacokinetic modeling of hepa-
tocyte growth factor in experimental animals and humans. J Pharm Sci
2013;102:237-249.

18. Ido A, Moriuchi A, Numata M, et al. Safety and pharmacokinetics of
recombinant human hepatocyte growth factor (th-HGF) in patients with
fulminant hepatitis: a phase I/II clinical trial, following preclinical studies
to ensure safety. J Transl Med 2011;9:55. doi:10.1186/1479-5876-9-55.

19. Suehiro A, Wright H, Rousseau B. Optimal concentration of hepatocyte
growth factor for treatment of the aged rat vocal fold. Laryngoscope
2011;121:1726-1734.

Mizuta et al.: PK and Safety of HGF in Vocal Folds
2135



Vocal Fold Fibroblast Response to Growth Factor
Treatment is Age Dependent: Results From an

In Vitro Study

*Matthias Graupp, *Karl Kiesler, *Gerhard Friedrich, tHerwig Ainodhofer, tHans-Jurgen Gruber,
tPetra Kieslinger, tAmulya Saxena, §Shigeru Hirano, and *Markus Gugatschka, *tiGraz, Austria and §Kyoto, Japan

Summary: Introduction. Vocal fold (VF) fibroblasts (VFFs) are the central target in developing new strategies for
treatment of VF injury and scarring. Nevertheless, only little is known about the basic biological characteristics of these
cells. The aim of this study was to explore the impact of age of VFFs on the response to external growth factor
stimulation.

Study Design. In vitro cell study using a rat model.

Methods. VFFs were extracted from young and aged rat VF 3 months after establishing unilateral injury. Resulting
scar fibroblasts (SFs) and normal fibroblasts (NFs) were subsequently cultured separately with or without the addition of
hepatocyte growth factor (HGF). After 24 and 72 hours, the production of hyaluronic acid (HA) was examined in the
supernatant culture media using enzyme-linked immunosorbent assay.

Results. Only cultured SF and NF from young animals could be stimulated significantly in the production of HA by
HGEF. Within these, average percentage increase was higher in NF compared with SE.

Conclusion. The response of VFFs in cell culture to growth factors stimulation is highly depending on the age of the
animals. This is another step in a nearer characterization of scar VFF and could furthermore be an important point when
estimating the success of an intervention. Age-depending effects must be considered as an important factor in devel-
oping possible therapeutic agents for VF scarring.

Key Words: Vocal fold scarring—Vocal fold fibroblasts~Age depending effects—Hyaluronic acid—-Hepatocyte growth

factor.

INTRODUCTION

Vocal fold (VF) scarring remains an unresolved problem and a
major challenge in modern laryngology. Reasons for VF scar-
ring are numerous and comprise chronic inflammation caused
by smoking or radiation therapy, external or internal trauma,
chronic voice abuse, and so forth." Therapeutic options are
unsatisfying and limited, with conservative speech therapy
and various surgical procedures being the most commonly
used treatment strategies.” Underlying pathology is a deterio-
ration of the microarchitecture of the highly complex trilay-
ered VF lamina propria with a subsequent alternation of the
vibration characteristics leading to dysphonia.

Vocal fold fibroblasts (VFFs) play a pivotal role in the afore-
mentioned structural and functional changes. They represent
the main cell type of the VF and have unique characteristics
not shared by other types of fibroblasts. Under normal circum-
stances, relatively few VFF can be found in the vibrational
mid-part of the VF, where they maintain structural and vibra-
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tional properties of the VF by producing extracellular matrix
(ECM) components such as hyaluronic acid (HA).

After injury some VFF transform into myofibroblasts (aka.
scar fibroblasts [SFs]) with altered protein expression patterns.
This leads to significant changes in the production of impor-
tant proteins of the ECM, such as the aforementioned HA,
but also of different types of collagen and fibronectin.” This
results in increased stiffness and viscosity of the VF, with glot-
tic incompetence and dysphonia.®

VEF not only produce structural proteins and glycos-amino-
glycans but also various kinds of growth factors such as
hepatocyte growth factor (HGF). This is triggered by several
mechanisms that are still under investigation. Local stem cells
are assumed to play a central role in mediating the inflamma-
tory responses after VF injury.’

A complete regeneration of the changes of the lamina propria
is the subject of numerous studies” but could not be achieved so
far. Laryngeal tissue engineering aims to change pathologic tis-
sue characteristics also at the cellular level by various attempts
including injection of somatic’ and stem cells® or by injection
of various cytokines and growth factors.” Most experiments
so far showed beneficial results in terms of improved tissue vis-
cosity and collagen reduction.

Despite many trials and experiments in this field, only little is
known about the basic characteristics of the cell type that most
of these studies target, the VFF. A better characterization and a
better understanding of the behavior of VFF should give new in-
sights in cellular mechanisms and inflammatory pathways.

The aim of this study was to investigate the impact of age on
the cellular responses of VFF after external growth factor stim-
ulation with HGF. This not only has effects on planning and



