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Abstract

Context—Heparin binding epidermal growth factor like growth factor (HB-EGF) is an emerging
therapeutic for the regeneration of the tympanic membrane.

Objective—Our aim was to determine whether the doses of HB-EGF delivered in a sustained
release hydrogel into a middle ear mouse model, would be measurable in the systemic circulation.
We also aimed to observe, in the scenario that the intended dose was absorbed directly into the
circulation, whether these levels could be measured above the background levels of HB-EGF in
the circulation.

Methods—A total of 12 mice had trans tympanic injections of 5ug/ml of HB-EGF contained
within a previously described novel hydrogel vehicle, while another 12 mice had intravenous
delivery of 10ug/kg of HB-EGF. Intravenous blood samples were collected at 0, 3, 24, 168, 288
and 720 hours post injection. A double-antibody sandwich one-step process enzyme-linked
immunosorbent assay (ELISA) was used to determine the level of HB-EGF in the serum.

Results—No mice in the trans tympanic administration group and no mice in the intravenous
administration group were found to have blood level measured above that in the controls.

Discussion—The inability of the positive control to measure levels above background, suggest
the total dose used in our studies, even if 100% absorbed into the system circulation is
insignificant.

Conclusions—HB-EGF at the doses and delivery method proposed for treatment of chronic TM
perforation in a mouse model are likely to have no measurable systemic effect.
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Introduction

Methods

Heparin binding epidermal growth factor like growth factor (HB-EGF) has recently been
identified as having a role in tympanic membrane (TM) wound healing and as a potential
treatment for chronic TM perforations.(Santa Maria et al., Santa Maria et al., 2015) If
successful, non-surgical treatments would be able to provide for a large area of unmet need
in treating chronic TM perforation and chronic suppurative otitis media. So far such
treatments have failed to demonstrate superiority to surgery or to be available for the
developing world.(Santa Maria and Oghalai, 2014, Hong et al., 2013)

Before proceeding to human clinical trials, the safety of this treatment must be
demonstrated. HB-EGF has been shown to be non-ototoxic in a mouse model with no long
term negative effects on hearing. (Santa Maria et al., 2015) In the same model it was also
shown that there were no observable irreversible histological changes in the middle ear
following treatment. (Santa Maria et al., 2015)

Although growth factor treatment in the ear has never been tested for systemic exposure, this
remains a risk of this therapy, especially in sustained release formulas. Our aim was to
determine whether the doses delivered in a sustained release hydrogel used to treat chronic
TM perforations, in a mouse model, would be measurable in the systemic circulation. We
also aimed to observe, in the scenario that the intended dose was directly absorbed into the
circulation, whether these levels were significant enough to be measured above the
background levels of HB-EGF in the circulation.

Stanford's Administrative Panel on Laboratory Animal Care approved all animal work. Mice
used for all experiments were 6-10 week old male CBA/CAJ (15-25g) mice purchased from
Jackson Laboratories (Florida, USA). All otoscopic and surgical interventions were
performed using inhaled isoflurane at 3-4% for induction and 1-2% for maintenance. All
intravenous blood sampling was done to collect 0.05ml of blood. Blood sampling was
divided amongst the cohort so that no more than 2ml of blood was sampled from an
individual mouse in one week unless the mouse was sacrificed immediately after sampling.

Topical administration group

A total of 12 mice had trans tympanic injections of HB-EGF contained within a previously
described novel hydrogel vehicle. (Santa Maria et al., 2015). Briefly, this polymer was
developed in and provided by the Department of Orthopedic Surgery at Stanford University
and contains a novel combination of chitosan, polylactide and fibrinogen with sodium
metabisulfide as a crosslinking agent. (Santa Maria et al., 2015) Proheparin-Binding EGF-
like Growth Factor (HB-EGF) was purchased from Prospec (New Jersey, USA, catalogue
number CYT-068) at delivered via the hydrogel at 5ug/ml with a designed degradation time
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of 30 days. The hydrogel is designed to release the HB-EGF at a steady state concentration
over these 30 days. A total volume of 0.4ml is delivered trans canal via a 27 gauge needle
with the first amounts delivered trans tympanic and the excess allowed to fill into the
external auditory canal. Intravenous blood samples were collected at 0 (immediately after
trans canal injection), 3, 24, 168, 288 and 720 hours post injection. Each time point had a
total of three animal samples with each sample being tested in duplicate. This provided six
samples per time point for testing from three individual animals.

Intravenous administration group

A total of 12 mice had intravenous delivery of 10ug/kg of HB-EGF (Proheparin-Binding
EGF-like Growth Factor (HB-EGF) was purchased from Prospec (New Jersey, USA,
catalogue number CYT-068)) Intravenous blood samples were collected at 0 (immediately
after intravenous injection), 3, 24, 168, 288 and 720 hours post injection. Each time point
had a total of three animal samples with each sample being tested in duplicate. This
provided six samples per time point for testing from three individual animals. Five mice had
intravenous sampling of blood prior to injection of HB-EGF and served as negative controls.
Each was repeated in duplicate to give a total of 10 samples. Another three mice had
intravenous sampling of blood with the HB-EGF directly added to the vial after collection to
act as a positive control. Each was repeated in duplicate to give a total of six samples.

Enzyme linked immunosorbent assay

Results

A commercially available double-antibody sandwich enzyme-linked immunosorbent one-
step process assay was used to determine the level of HB-EGF in the serum samples
according to manufacturer's instructions (MyBioSource, San Diego, USA, catalogue number
MBS811617). From each animal approximately 0.05 ml of blood was collected into a non-
pyrogenic and endotoxin tube and centrifuged at 3000 rpm for 20 min. All samples were
assayed in duplicate. The optical density of each sample was determined using a microplate
reader at 450 nm (TECAN Infinite F50). The concentration of HB-EGF was expressed as
pg/ml.

The systemic blood levels of HB-EGF, as measured by ELISA, are summarized in Figure 1.
The positive control (362.1+82.5 pg/ml) did not measure blood levels above that of the
negative control (398.8+92.1 pg/ml).

Trans tympanic administration group

Mean HB-EGF levels of 3 mice in the trans tympanic administration group were lower than
those of 5 mice in the negative control and those in the positive control. The trans tympanic
administration group measured mean levels of 315.71+31 at 0 hrs, 302.8+31.4 at 3hrs,
303.5+46.4 at 24hrs, 313.5+46.3 at 168hrs, 318.6+52.8 at 288hrs and 260+7.8 at 720 hrs,
respectively. No mice in the trans tympanic administration groups were found to have blood
level measured above that in the control groups.
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Intravenous administration group

The intravenous administration group measured mean levels of 448.8+130.9 at O hrs,
443.3+75.7 at 2hrs, 409+126.2 at 6hrs, 447.94208.9 at 24hrs, and 365.3+80.6 at 168hrs,
respectively. No mice in the intravenous administration group were found to have blood
level measured above that in the negative and positive controls.

Discussion

The recent discovery of HB-EGF as a potential treatment for chronic TM perforations
requires demonstration of its safety before progressing to further investigation. HB-EGF has
not previously been studied as a therapy in the ear. HB-EGF has shown a lack of detectable
effects on hearing as measured by auditory brain response and distortion production
otoacoutic emissions measured at different time points after transtympanic exposure. (Santa
Maria et al., 2015) It has been suggested that HB-EGF may be a possible mediator of
inflammation in otitis media. (Suzukawa et al., 2014) HB-EGF however is more likely to be
a consequence of inflammation within the middle ear with its key role identified in tympanic
membrane wound healing. (Santa Maria et al.) When middle ears are exposed to very high
doses of HB-EGF there are no measurable histological after effects. (Santa Maria et al.,
Santa Maria et al., 2015) The other concern for growth factor treatments for the tympanic
membrane is the potential to induce cholesteatoma or malignancy formation, but this is yet
to be observed in any animal or human studies of tympanic membrane growth factor
treatment. (Acharya et al., 2015, Hakuba et al., 2010, Hakuba et al., 2014, Hakuba et al.,
2003, Kanemaru et al., 2011, Ramalho and Bento, 2006, Ma et al., 2002, Dvorak et al.,
1995, Santa Maria et al., 2015) Based on all available research to date, the application of
trans tympanic HB-EGF is safe to the local tissues. A phase one clinical trial will be needed
to definitively answer this question. Conversely HB-EGF TM regeneration has not shown to
have any protective effects on hearing outside of the wound healing mechanism previously
described. (Santa Maria et al., 2015). HB-EGF in inner ear hair cell regeneration remains
undefined. (Ronaghi et al., 2012)

The next step in the determination of the safety of HB-EGF treatment for chronic TM
perforations is to investigate for systemic absorption. HB-EGF is an endogenous growth
factor produced within many tissues including the gastrointestinal tract, reproductive system,
urinary tract, lung, muscle, brain and heart and as such would not expect to have any
systemic toxicity at normal physiological levels. (Nakagawa et al., 1997, Murayama et al.,
1995, Abraham et al., 1993, Ross, 1986) HB-EGF is synthesized in the body as a
transmembrane, active precursor protein which is converted by matrix metalloproteinases to
form an active soluble growth factor.(Higashiyama et al., 1992) Its tissue distribution and
plasma clearance in neonatal and adult rats has been studied. After intravenous
administration, the plasma clearance of HB-EGF is biphasic. It has a distribution half-life of
0.8 min and an elimination half-life of 26.67 min. Most of its distribution shortly after
administration is within the plasma, liver, kidneys, bile, and urine.(Feng et al., 2006, Yang et
al., 2014) The rapid decline of HB-EGF in plasma is dues to a rapid irreversible uptake
process. (Burwen et al., 1985, Dunn and Hubbard, 1984, Kim et al., 1988, St Hilaire et al.,
1983)Given its rapid distribution and elimination, it is not surprising that the small doses
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used in our study, even if delivered intravenously, cannot be detected above background
levels. The therapeutic time window of this delivery is four weeks duration and there were
no measured levels above that of the background levels at any time point during the
therapeutic window in our study. Low concentrations following sustained delivery via TM
administration support our hypothesis that this is a safe dose and method of administration
in terms of potential systemic effects. The inability of the positive control to measure levels
above background, suggest the total dose used in our studies, even if 100% absorbed into the
system circulation is insignificant. Histological tissue examination of various organs had
previously shown no detectable systemic toxicity following intravenous HB-EGF
administration of 30ug/kg in a rat model. (Coowanitwong et al., 2008) HB-EGF delivered
trans tympanic is likely safe in terms of systemic effects.

Conclusion

HB-EGF at the doses and delivery method proposed for treatment of chronic TM
perforation, trans tympanic administration does not raise above background levels and is
likely to have no measureable systemic effect.
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Figurel.

Figure 1 demonstrates the blood levels of HB-EGF as detected by ELISA following 5ug/ml
trans tympanic delivery and 10ug/kg 1V delivery. The negative control represents blood
levels measured without any additional HB-EGF exposure. The positive control represents
directly injecting 10ug/kg to a blood sample after collection from a non-HB-EGF treated
mouse. The number of animal samples used per time point is indicated on each column. HB-
EGF (heparin binding epidermal growth factor like growth factor), IV (intravenous), ELISA
(enzyme-linked immunosorbent assay)
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