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ABSTRACT: Otitis media (OM) or middle ear infection is one offluorescence Otoscopy

the most common diseases in young children around the worldo figfect Acute Otitis Media
diagnosis of OM is currently performed using an otoscope to gdeteetcence
middle earuid and inammatory changes manifested in the tympani
membrane. However, conventional otoscopy cannot visualize
the tympanic membrane or sample middleugdr This can lead tg
low diagnostic certainty and overdiagnoses of OM. To impro
diagnosis of OM, we have developed a short-wave infrared (

Inflamed Ear

Control Ear

. . . . . Bulgi
otoscope in combination with a protease-cleavable bios&asor, T;,f;;iic
ICG, which can facilitate the detection ohimmatory proteases i Membrane

NIR/SWIR

the middle ear with an increase in contr@&C-ICG is a Otoscope

uorescently quenched probe, which is activated in the presence of
cysteine cathepsin proteases that are up-regulatednmatory immune cells. Using a preclinical model and custom-built SWIR
otomicroscope in this proof-of-concept study, we successfully demonstrated the feasibility of robustly distingrdsbémg in
from controlsg= 0.0006). The iramed ears showed an overall signal-to-background ratio of 2.0 withuanes@ance of &1
17 AU, while the control ear exhibited a maarescence of 4111 AU. We envision that thes®rescently quenched probes in

conjunction with SWIR imaging tools have the potential to be used as an alternate/adjunct tool for objective diagnosis of OM.

KEYWORDS: uorescently quenched probe, protease, short-wave infrared, imaging, otitis media

titis media (OM) is one of the most common reasonsotolaryngologists need to employ adjuvant diagnostic methods

for pediatrician visits, antibiotic prescription, and surgeryuch as otologic microscopy or tympanometry to better discern
in the pediatric populatidnGlobally, there are over 740 the presence of middle eard in di cult caseSSome other
million new cases of OM yearly with the highest incidencemerging technologies such as optical coherence tomography,
rates in children younger than 5 years of age. OM includessgectral gradient acousticeaometry, and sonography have
variety of conditions such as acute OM (AOKIM with demonstrated immense potential in improving the diagnosis of
e usion (OME), and chronic suppurative OM (CSOM). oM 2 However, they are yet to be widely adopted, which is
These conditions are c!osely related and can oive_rlap, but mﬁﬁharily due to diculties in data interpretation and
importantly, they are linked by the presenceiidfin the \,htamiliarity of the clinicians. Photonic techniques based on

middle ear. In the case of CSOM, thiel drains out of the  ;5reqcence, Raman spectroscopy, and short-wave infrared
middle ear through a perforation in the tympanic membran

: . .FSWIR) spectroscopy comste another cornerstone in
(TM) or via a tympanostomy tube. While CSOM can be eas'I}ﬁiagnosing OM objectivél{tome of our recent @rts have
discerned due to the presence of ear drainage, otosco

IC S . .
diagnoses of AOM and OME are not straightforEing. B&en focused on visualizing middle easi@n through an
di culty in identifying theuid composition in the middle ear otoscope that can detect SWIR wavelengtr® (fh) of

is one of the main reasons for OME misdiagffo@isgure

1A). Received: June 24, 2020
Visible light pneumatic otoscopy is considered as the besgcepted: November 2, 2020
currently available diagnostic tool for OMowever,  Published:November 11, 2020

pneumatic otoscopic examinationsersufrom subjective
interpretations, especially by unexperienced practftioners.
Diagnosis of OME can be challenging and even experienced
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Figure 1.Proposed model fouorescence-guided detection of OM using an SWIR otoscope. (A) Diagram of normal ear and ear with AOM. (B)
Schematic representation of latent lysosomotra@ui; @hich results iruorophore retention in the lysosome of substrate probe 6QC upon
cleavage by cysteine cathepsins. (C) Schematic of tagedsdence otoscopy setup.

light.?**° SWIR otoscopy provides two fundamental advanin surgical resection of tumor malignancies with high sensitivity
tages over conventional otoscopy. First, it can help iand spectity**6QC-ICGis able to amplify the proteolytic
identifying middle ear wsions based on the strong light signal due to a high cleavage turnover rate, accumulating in the
absorption by middle eamid in the SWIR region. Second, site of inammation by exploiting the latent lysosomotropic
due to a longer wavelength, SWIR light can penetrate deegeect (Figure B). The optically dark probe releases its
through tissues, enabling a better view of middle ear structugggncher upon cathepsin recognition and cleavage in the
behind the TM in cases where thid is absent?'* While lysosomes. When the peptide bond is cleavediotiphore
these studies show great promiseuie detection, they still ~ fragment containing a primary amine becomes protonated in
lack the ability to sample the composition of the middle edhe acidic environment of the lysosome and leads to its
uid. To address this challenge, we have looked into employitf§osomal accumulation, promoting cellular retention of the
a uorescently quenched biosensor that reads out upregulatétProphore igure B). Its ability to read out broad-cathepsin
proteolytic activity associated with &M. activity with a near-mfrareo_l (NIR) and_ SWIR-companl?Ie ICG
In OM, leukocytes iftrate the area and release signaling Yorophore makes it an ideal candidate for detecting OM
molecules and enzymes that are involved in sustainifgigure €). In this study, usingQC-ICGand various NIR
in ammation. Among these leukocytes, macrophages playl@ggers, we demonstrate the feasibility of distinguishing
important role and express various lysosomal proteases sudi g&med ears from normal ears in a mouse model of OM.
cysteine cathepsins, matrix metalloproteases, and elastds@dhermore, we custom-designed a preclinioatscence
These proteases, particularly cathepsin B, have been showr /R otomicroscope to detect the activali@Qa-ICGin
play an important role in OME® Therefore, targeting VIVO Overall, ourndings support prospective application of
upregulated cathepsins during OM-associatathriration optical contrast agents in accurately identifying OM.
may be an ective approach to identify OM. To detect
cathepsin activity, we us&@C-ICG a uorescently RESULTS AND DISCUSSION
quenched substrate probe that broadly reads out the In Vivo Detection of OM Using a 6QC-ICG Probe with
proteolytic activity of cysteine cathepsinghis probe  an NIR Fluorescence ImagerTo evaluatéQC-ICGfor the
consists of a short peptide sequence Chz-Phe-Lys. THetection of OM, we used a recently established OM mouse
quencher is attached to the lysine sidechain, and an FDrodel based on lipopolysaccharide (LPS) treatie®®, a
approved indocyanine green (ICG) dye is conjugated to theajor component of the outer membrane in most Gram-
lysine through a 6-carbon linker. It has shown potential for usegative bacteria, is a powerful mediator amimatory
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responses and is a widely accepted agent to induce OM in

mice** Several studies have shown that LPS treatment in the

ear of mice causes functional and structural changes similar to
those in the early stages of clinical’'©Atditionally, LPS is
known to activate macrophages that cause release of
in ammatory cytokinesa'°¢**d with the LPS-induced
mouse model of OM, west evaluated the ability @QC-

ICG to identify OM using the Pearl Trilogy imaging system

an 800 nm NIR wideeld imaget® Since the ICG
uorophore i6QC-ICG has a long emission range (750

950 nm), we conducted initial studies by employing

commercially available NIRBDO nm) uorescence imagers.

In animals treated withQC-ICG via tail vein injection, a
uorescence signal developed over a period of 24 h as the NIR
uorescence accumulated and facilitated cleaerdiation

between the immed and control earSigure ). We also

evaluated the eacy of an FDA-approved NIRorescent

dye, ICG, to investigate if it couldetentiate between the

in amed and healthy ears. ICG, being the saarephore

employed ir6QC-ICG serves as an ideal internal control to

provide a readout of potential dye accumulation due to generic
uptake in the accumulatedid or at the inammation site.

However, the free ICG dye alone did not discriminate between

the in amed and healthy ears at any time point over the course

of 24 h Figure A,B). Furthermore, the ICG dye was excreted
from the mouse, and thelorescence signal was quickly
depleted. In contrast, quanétion of the6QC-ICG probe

signal revealed that the amed ear had a statistically

signi cant increase in the meamorescence intensity with

respect to the untreated right ear (1805 AU vs 0.14

0.03 AU; p = 0.005; Figure Z). The mean signal-to-

background ratio (SBR) of the amed left ear was 1.3 at

24 h (Figure £). These results provided initial evidence in

support of visualizing and elientiating inammation in the

ears through imaging of #@C-ICG signal.

The ability of6QC-ICG to identify OM objectively was
further conrmed by analyzing thaiorescence signal from
excised middle and inner ear tissues. While the live animal
imaging of the whole mouse revealed higherescence
intensity from the iramed ears, signal variations due to the
external ear could not be completely ignored. Therefore, in the
next step, we isolated ear tissues consisting of both middle and
inner ears for further imaging studies. Fluorescence images of
ear tissues were acquired using the same 800 nneldide-
imager used for the live animal imagiigufe 2). We
observed a statistically sigant ¢ = 0.0013) increase in the
overall uorescence signal in the LPS-treated ear tissues (0.37
+ 0.14 AU) with respect to the control (0+18.08 AU) with
a mean SBR of 2.Eigure B). As observed in the live animal
imaging studies, the mice injected with only the ICG dye did
not show any derence at 24 h post injectiofigure B).

These results camed the data obtained from the live animal Figure 2NIR uorescence imaging of murine eanmmation using

imaging studies and ved that the statistically sigrant 6QC-ICGand ICG. (A) Time course otiorescence over 24 h for

accumulation of uorescence signals only occurred in theMice ears injected with eit@@C-ICG(top) or ICG (bottom). (B) ~
in amed ear. Image of a mouse treated with LPS (left ear) and left untreated (right

Evaluation of 6QC-ICG Fluorescence Accumulation in ear) followed bgQC-ICGinjection via tail vein and imaging after 24

. . . . h using an 800 nm wideld imager (LI-COR Pearl Trilogy). (C)
Ear Tissue Sections.To conrm the precise location of Quanti cation of uorescence of mouse ears injected with either

uorescence signals originating fron6@&-ICG probe in 6QC-ICGor ICG (24 h post injectiom = 11).
the ear, we obtained 1@n-thick serial histological sections

and scanned them using atbed NIRF scanner. As

mentioned6QC-ICG contains auorophore reporter, which retained in the macrophages at the site ammation. This
contains a primary amine that gets protonated in the lysosomesention of signal allows us to perform diraotescence

after probe cleavage. This allows tlogescence signal to be scans of the tissue sections for visualizing the location of the

3413 https://dx.doi.org/10.1021/acssensors.0c01272
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Most importantly, it exhibits high water absorption, allowing
detection of ear @sions®We hypothesize thatiorescence
properties 06QC-ICG particularly ICGuorophore, can be
detected in the SWIR region and may be utilized for
determining the presence of ammation based on the
protease signature of middle ead. Therefore, we custom-
designed an SWIRIorescence otomicroscope and used it for
in vivovisualization of immmation in the eaFigure 3,B).
Similar to routinely employed clinical otoscopes, we used a
specially designéspeculurhto deliver light eectively inside
the ear cavity. The speculum also helped reduce signal losses
from the external eaFigure %,B). The e cacy of the long-
pass Iter in removing interfering exted laser light was
established through imaging of aectve surface under
similar conditions.

Our ndings suggest that the presence afrimation in
the ear is easily distinguishable using this setupq €).
Fluorescence quarttation of a group of six animals revealed
strong uorescence signals originating from the Figu(e
5C). A statistically sigmiant di erence§ = 0.0006) in signal
intensities between the amed left ear and control right ear
was observed at 24 h (meamrescence of 81 17 AU in
LPS-injected ear, 41 11 in control;p = 0.0006) with an
overall SBR of 2.0Figure B). Fluorescence SBR values
obtained fronin vivoSWIR imaging (SBR = 2.0) were similar
to those obtained usimx vivaNIR imaging of the excised
middle ear tissue (SBR = 2.1). This show&@@tICGwith
SWIR imaging facilitates a more robust detection of ear
in ammation in live animals as compareth teivoNIR

Figure 3.NIR uorescence imaging of excised ear tissu&Q€ing imaging (SBR = 1.3) along with minimal background signals.

ICG and ICG. (A) Representative images of middle and inner ear

specimens from mice treated with LPS (left ear) and control (right DISCUSSION

ear) injected witlBQC-ICGor ICG and imaged after 24 h using a OM is characterized by the presenceidfin the middle ear.

800 nm wide-eld imager (LI-COR Pearl Trilogy). (B) Fluorescence Failure to diagnose OM can result in severe complications

quanti cation of the excised right and left ear tissue from micmduding facial nerve palsy, meningitis, permanent hearing

injected witl6QC-ICGor ICG (2.3 mg/kg, 24 h post injection (P1), |0ss, and brain abscesses. Consequently, there is a pressing

n=11). Highlighted dots correspond to the images presented in (Ajinjcal need for a more accurate and noninvasive method for

sampling the middle eanid without disrupting the TM.

probe signal. Fluorescence scans were directly compared Witttcent studies have demonstrated that SWIR otoscopy can

adjacent H&E-stained sections to establish a physiologidatilitate visualization afiid behind the TM2*°However,

context. We observed that the increagedescence signal SWIR otoscopy has some limitations as it cannot determine

originates primarily from the TM and middle ear mucosdhe uid composition.

(Figure &). The TM is disrupted in the left ear as LPS was In this study, we evaluated a cathepsin-activate$cence

administered in a trans-tympanic marffigu(e 4), denoted substrate prob&QC-ICG in combination with a custom-

by a red asterisk in the H&E image. Thickening of the TM andesigned SWIR uorescence otomicroscope to achieve

mucosa from LPS injection andaimmation were visible in detection of ear immmation in a murine model of OM.

the LPS-treated left ear. Increased accumulatiarorefs- LPS treatment in the middle ear is known to enhance the

cence signal was observed in the TM and mucosa. In tie Itration of macrophages, leukocytes, and montcytds.

healthy right earuorescence accumulation was not observedlso induces the release ofainmatory cytokines such as

in the TM or mucosa. WitBQC-ICG the mean SBR of 3.8 interleukin-1 (IL-1) and IL-3°” We demonstrated that

was observed. Meanorescence values of theamed and  upregulated cathepsin protease activity iamimation-

control ears were 7#6 2.8 and 2.& 1.2 AU, respectively associated macrophages can be successfully utilized for imaging

(Figure 8). Enhancement in the number of macrophages anid ammation using th6QC-ICG probe. Accumulation of

cathepsin expression in LPS-treated ear wasnednby uorescence signals in the LPS-injected left ear post systemic

immunostaining using cathepsin B and CD68 antibodiesdministration of the probe provided evidence of cleavage by

(Figure €). The signicant dierence |f < 0.0001) between proteases, which were later eérion excised ear specimens

the LPS-treated and untreated ears sugges&Q@dCG (Figures 2Zand 3). Previous studies have shown that LPS-

signal accumulation in the middle ear can facilitate objectiiduced eects in the TM are primarily manifested in the form

identi cation of ear irmmmation. of increased TM thickness,liration of inammatory cells,
SWIR Fluorescence Otoscopy Allows Visualization of  and collagen rearrangeni&ht™° Our study corroborated

AOM Using 6QC-ICG in Mouse ModelSWIR imaging has these observations as most of the deteatietescence

signi cant advantages over NIR due to minimized scatteringriginated from the thickened TM and middle ear mucosa of

decreased autaorescence, and higher penetration depthLPS-injected earEifure 4.

3414 https://dx.doi.org/10.1021/acssensors.0c01272
ACS Sen2020, 5, 34113419


https://pubs.acs.org/doi/10.1021/acssensors.0c01272?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acssensors.0c01272?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acssensors.0c01272?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acssensors.0c01272?fig=fig3&ref=pdf
pubs.acs.org/acssensors?ref=pdf
https://dx.doi.org/10.1021/acssensors.0c01272?ref=pdf

ACS Sensors pubs.acs.org/acssensors

Figure 4.NIR uorescence imaging of ear tissue sections. (A) Representative histological sections of ears (left: LPS-injected; right: untreatec
taken from mice injected wBC-ICGand imaged at 24 h. Top row shows H&E-stained and bottom row whi@ssence of corresponding

unstained tissue sections. The slides were scanned on an 800ativeN Istanner (LI-COR Odyssey CLx). The red asterisk denotes torn TM.

(B) Fluorescence quartation of unstained ear tissue sections from mice injecte@@AtlEG (2.3 mg/kg, 24 h PI). (C) Confocal images of

the tympanic membrane and middle ear mucosa of LPS-treated (left) and untreated (right) meégmid#tion). Cathepsin B imaged with
anti-cathepsin B antibody (green) and macrophdgation imaged with anti-CD68 antibody (red).

6QC-ICGis a“turn-ori uorescent probe that is activated 24 h time course of the probes, where I@Grescence
by upregulated cathepsin protease activity in macrophaggsckly diminished, whi@QC-ICG uorescence increased
associated with iammation. Since the@iorescence signal is with time to provide contrast between the left and right ears.
only activated by cathepsins and is not active when the probe iNIR imaging, in combination with exogenausophores,
intact and quenched, the contrast is improved, and dmas been extensively employed for visualizing cancer margins
additional washout step often associated with contrast dyesiid vasculature during intraoperative procedures. However,
not required. Compared to ICG dye alone, the lysosomotroptbey have not been widely explored for other clinical
e ect further allows the postcleaved portion @@ ICG applications such as infectious processes. One of the major
probe to accumulate in the lysosomes of the macrophages &imdrances in translating these observations to a noninvasive
prevents the dye from dsing out of the cells. The medical device is the limited penetration depth of standard
lysosomotropic ect could be observed while comparing theoptical imaging method$>!“Imaging in the SWIR range can

3415 https://dx.doi.org/10.1021/acssensors.0c01272
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Figure 5.In vivaSWIR otomicroscopy imaging of eaarmmation. (A) Diagram of the custom-designed SWIR otomicroscope setup. (B) Image

of SWIR otomicroscope (left) and closeup of 3D-printedt@adspeculum (right) used farvivaimaging. (C) Fluorescence from the left ear

(LPS injected) and right ear (untreated) of animals injecte8Q@HCG (24 h) by an SWIR otomicroscope (793 nm laser, 808 nm long-pass
Iter, SWIR camera). (D) Quardation of meanuorescence for the TM region of interest in the middle ea8)

provide improved visualization of deeper structures aBseases in pediatric patients, where the use of ionizing
compared to NIR imaging:'*°**As mentioned before, we radiation techniques is not ideal. Any infectious process that
recently developed an SWIR otoscope for diagnosing OM #iicits an inammatory response with the associated increase in
pediatric populations. A large-scale clinical trial is currenti¢oteolytic activity, such as cervical abscesses, could be
underway to evaluate itsoacy in detectinguid in the detected using this approach.

middle eat? In addition to enhancing diagnostic capabilities,
the main bene of the SWIR otoscope is the ability to be
integrated readily in the current OM management framework. CONCLUSIONS

Utilizing a6QC-ICG probe along with an SWIR otoscope is Overall, this study demonstrates that the useooéscence
based on the fact that IC@orophore has a long tail in the probes with SWIR otoscopy has the potential to improve the
SWIR region, which can be detected by our SWIR otdcopeoverall diagnosis of OM. The ability to simultaneously
Our custom-designed preclinicabrescence otomicroscope determine uid presence and composition using the SWIR
provided evidence thatvivovisualization QC-ICGatthe  gtoscope anBQC-ICGean serve as a powerful tool that could
in amed sites in the ear is possiblgure 3. Additional  gnapie improved tracking of AOM and CSOM treatment and
animal studies focusing on probe delivery, dosing, timing, low-ups. In addition to OM, ear conditions such as

ototoxicity of the compound are required to evaluate the tru - - ; ;
clinical potential of théQC-ICG probe. In this study, the renast0|d_|t|s and cholesteato_ma also lack objectlvg (_j|agnost|c
ols. Since these ear conditions also have chramuria-

probe was administered intravenously, which is cIinicaI‘iii9O -
suboptimal for pediatric populations for a common medicion: We anticipate that probes sudS-ICGeould also be

issue. Studies into various formulation methods, including oti€d to image these ear conditions. While more work needs to
administration and application in the form of eardrops, stiffe done to formulate the probe for routine clinical use, we
need to be evaluated. We envision that protease-cleava@nision tha#QC-ICGcan be used as an objective diagnostic
uorescent biosensors in combination with SWIR detectioiest, which may aid physicians in their treatment decisions,
devices can also beeetive in diagnosing other infectious ultimately yielding better clinical outcomes.
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MATERIALS AND METHODS channel, 800 nm; resolution, 21; intensity, auto; quality, highest.
Images were analyzed using Image Studio Software (LI-COR
Biosciences, Lincoln, NE, USA).

Immuno uorescence.Frozen ear samples in OCT blocks were
sectioned into 10m slices, xed with 4% PFA for 30 min, and

Compound Synthesis.Synthetic procedure and characterization
of 6QC-ICGare outlined by Yim et & All reagents and materials
used in the synthesis &)C-ICG were obtained from commercial
sources and used without further ation. IRDye QC-1 NHS ester . . .
was obtained from LI-COR Biosciences (Lincoln, NE, USA) anavaShﬁ]d thrededtlgws V\é'th PE?h BlOth'.ngrt(lPBdS |+f'?'f3%2T);1-10tO)
ICG-NHS ester was from Intrace Medical (Lausanne, Switzerlandy3S teh added on top of ihe sections and Iett Tor at room

; ; .temperature. Subsequently, sections were incubated with primary
Compounds were synthesized using reported procedures aad puri ) . . .
by re?/erse-phase p)r/eparative HPLg. P P P mouse anti-cathepsin B (AF965; R&D Systems, Minneapolis, MN,

OM Mouse Model. In vivo studies of murine models were YSA) and recombinant anti-CD68 antibody (ab213363, Abcam,

conducted according to the current NIH and Stanford Universitf-@mbridge, MA, USA). After 24 h, sections were incubated with
Institutional Animal Care and Use Committee (IACUC) guidelinesSécondary antibodies for 1 h at room temperature. The tissues were
(APLAC #33028). A total of 22 female C57BL/6J mice (agéd 4 nuclear-stained with DAPI (ab104139) in mounting medium and
weeks) were purchased from Jackson Laboratory (Bar Harbor, MEvered with a cover slip. _ _

USA). Mice were anesthetized with a standard dose of ketamine andonfocal Microscopy. A confocal laser scanning microscope
xylazine mixtur&almonella enteriterived lipopolysaccharide (LPS; (CLSM700, Zeiss) was used to image tissues usirgoajéctive.

L7261, Sigma) emulsion was prepared in normal saline (0.9%) atraages were processed with ImageJ software.

stock concentration of 20 mg/mL. The left ear was treated with 3 Statistical Analysis. Statistical analysis was performed in Excel
of LPS through a trans-tympanic injection under a microscopic vie@icrosoft, Redmond, WA, USA) and Prism (GraphPad Software,

The right ear remained untreated and served as a control. San Diego, CA, USA). The signal-to-background ratio (SBR) was
Probe Administration. Stocks (10 mM) of eithédQC-ICG or calculated as described in there legends. Unless otherwise noted,

indocyanine green (ICG) were dissolved in a solution of 10% DMS@Il values in gures are presented as mearSD. Statistical

prepared in 100L of phosphate-bered saline (PBS) to aal signi cance was calculated based on the Suaidest (two-tailed,

concentration of 25 nmol per injection. It was administeredinpaired).
intravenously through mouse tail vein and imaged between 1 and
24 h post injection.

Wide-Field Near-Infrared Fluorescence (NIRF) Imaging. AUTHOR INFORMATION
Mice were imaged after 24 h of probe injection using the Peagorresponding Authors

Trilogy Small Animal Imaging System (LI-COR Biosciences, Lincoln, Matthew Boavo Department of Chemical and Svstems
NE, USA) while being kept under anesthesia with 2% (viu)ase Biology Dg}pl)artmepnt of Pathology, and Depart?’/nent of

(Fluriso, VetOne, Boise, ID, USA). Signal was detected using the 800 . . N .
nm Iter set. Images were analyzed using Image Studio Software (LI- Microbiology and Immunology, Stanford University School of

COR Biosciences, Lincoln, NE, USA). Medicine, Stanford, California 94305, United States;
SWIR Fluorescence Otoscopic Detection of OMSWIR orcid.org/0000-0003-3753-44EMail:mbogyo @
uorescence otoscopy was performed after 28QCefCG probe stanford.edu

treatment using a custom-built imaging system equipped éth a Tulio A. Valdez Department of Otolaryngoldgad &
(200 m core)-coupled 793 nm laser (20 W, Lumics LU0793D140-  Neck Surgery Divisions, Stanford University School of

D10DH) and Allied Vision Goldeye G-032 Cool TEC2 camera  Medicine, Stanford, California 94305, United States
(Figure % The sensor set point of the camera wasS@fC. The Email:tvaldez1@stanford.edu

laser light excitation was guided to the animal ear through a lens and
specially designed speculum (3D-printed using poly-lactic acidyythors

Epi uorescence was collected via a higeacy long-passter goshua J. Yim Department of Chemical and Systems Biology,

BIP01-808R-25, Semrock) before reaching the camera. The ave . N - . :
(excitation ux at the si[ecc,? delivreryr wa2:5 g30 mvs Cn:z. The averag® stanford University School of Medicine, Stanford, California

assembly was partially enclosed, and experiments were performed in 294305, United States

dark environment to avoid exposure to unwanted light. The images Surya Pratap SinghDepartment of Otolaryngoldgpd &
were acquired using a platform-independent Vimba SDK (Alied Neck Surgery Divisions, Stanford University School of
Vision) with a uniform acquisition time of 10 s. During the imaging, = Medicine, Stanford, California 94305, United States;
anesthetized mice were placed over a peztideated platform in Department of Biosciences and Bioengineering, Indian
the left and right lateral decubitus position to acquire images from the |nstitute of Technology Dharwad, Dharwad, Karnataka
right and left ears, respectively. MATLAB programming environment 580011, Indiap orcid.org/0000-0001-9984-5385

was used for processing and analysis of the acquired images. Anping Xia Department of Otolaryngoldgpd & Neck

Histology. Following otoscopy, animals under deep anesthesia S . . -
were euthanized via cervical dislocation. Both the middle and inner Surgery DIVIS.IOI’]S., Stanford Ur!lversny School of Medicine,
Stanford, California 94305, United States

ears were harvested. The tissues weckin 4% paraformaldehyde

(PFA) overnight at 4C and rinsed with phosphate<xed saline Raana KaskhSadabad Department of
(PBS) of pH 7.3 to remove the residual traces of PFA. This was Otolaryngologylead & Neck Surgery Divisions, Stanford
followed by 48 h decalcation of samples using 0.5 M EDTA. University School of Medicine, Stanford, California 94305,

Tissues were rinsed free of any EDTA solution by multiple washes United States
using PBS followed by overnight incubation in 30% sucrd¥g.at 4  Martina Tholen Department of Pathology, Stanford
In the end, tissues were processed through serial incubation in sucrose University School of Medicine, Stanford, California 94305,
and OCT compound (Fisher Sciet)timixture. Tissue sections (10 United States

m) were obtained from OCT blocks and either stained with paviq M. Huland Molecular Imaging Proaram at Stanford
hematoxylin and eosin (H&E) or analyzed without staining by NIRF Department of Radiology Stan%or% Uni?/ersity School 0f1

scanning. o g . i
Flatbed Near-Infrared Fluorescence (NIRF) Scanning of Medicine, Stanford, California 94305, United States

Slides. H&E-stained slides and unstained cryosections were placedDavid Zarabanda Department of Otolaryngoldgad &
directly on the Odyssey CLx imaging system (LI-COR Biosciences, Neck Surgery Divisions, Stanford University School of
Lincoln, NE, USA) and imaged using the following parameters: Medicine, Stanford, California 94305, United States
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