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24 SUMMARY:
25  Here, we describe an in vivo imaging technique using optical coherence tomography to facilitate
26  the diagnosis and quantitative measurement of retinopathy in mice.
27
28  ABSTRACT:
29  Optical coherence tomography (OCT) offers a noninvasive method for the diagnosis of
30 retinopathy. The OCT machine can capture retinal crosssectional images from which the retinal
31 thickness can be calculated. Although OCT is widely used in clinical practice, its application in
32  basicresearch is not as prevalent, especially in small animals such as mice. Because of the small
33  size of their eyeballs, it is challenging to conduct fundus imaging examinations in mice. Therefore,
34  aspecialized retinal imaging system is required to accommodate OCT imaging on small animals.
35 This article demonstrates a small-animal-specific system for OCT examination procedures and a
36 detailed method for image analysis. The results of retinal OCT examination of very-low-density
37 lipoprotein receptor (VIdIr) knockout mice and C57BL/6J mice are presented. The OCT images of
38 C57BL/6J mice showed retinal layers, while those of VidIr knockout mice showed subretinal
39 neovascularization and retinal thinning. In summary, OCT examination could facilitate the
40 noninvasive detection and measurement of retinopathy in mouse models.
41
42  INTRODUCTION:
43  Optical coherence tomography (OCT) is an imaging technique that can provide in vivo high
44  resolution and crosssectional imaging for tissuel®, especially for the noninvasive examination in
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the retina®'2. It can also be used to quantify some important biomarkers, such as retinal thickness
and retinal nerve fiber layer thickness. The principle of OCT is optical coherence reflectometry,
which obtains crosssectional tissue information from the coherence of light reflected from a
sample and converts it into a graphic or digital form through a computer system’. OCT is widely
used in ophthalmology clinics as an essential tool for diagnosis, follow-up, and management for
patients with retinal disorders. It can also provide insight into the pathogenesis of retinal diseases.

In addition to clinical applications, OCT has also been used in animal studies. Although pathology
is the gold standard of morphological characterization, OCT has the advantage of noninvasive in
vivo imaging and longitudinal follow-up. Furthermore, it has been shown that OCT is well
correlated with histopathology in retinopathy animal models!*320, The mouse is the most
commonly used animal in biomedical studies. However, its small eyeballs pose a technical
challenge to conducting OCT imaging in mice.

Compared to the OCT first used for retinal imaging in mice??2, OCT in small animals has now
been optimized with respect to hardware and software systems. For example, OCT, in
combination with the tracker, significantly reduces the signal-to-noise ratio; OCT software system
upgrades allow more retinal layers to be detected automatically; and the integrated DLP beamer
helps to reduce the motion artifacts.

Very-low-density lipoprotein receptor (VIdIr) is a transmembrane protein in endothelial cells. It
is expressed on retinal vascular endothelial cells, retinal pigment epithelial cells, and around the
outer limiting membrane?324, Subretinal neovascularization is the phenotype of VidIr knockout
mice?3. Therefore, VIdIr knockout mice are used to investigate the pathogenesis and potential
therapy of subretinal neovascularization. This article demonstrates the application of OCT
imaging to detect retinal lesions in VIdIr knockout mice, hoping to provide some technical
reference for retinopathy research in small animal models.

PROTOCOL:

The operations were performed following the Statement on the Use of Animals in Ophthalmic
and Vision research from the Association for Research in Vision and Ophthalmology. The
experimental design was approved by the institutional animal Ethics Committee. Two-month-old
C57/BL/6J mice and VIdIr knockout mice were used in this study. There were 7 mice in each group,
all of which were female and weighed 20 g to 24 g.

1. Experimental conditions

1.1.  Assign the mice to two groups: an experimental group consisting of V/dIr knockout mice
and a control group consisting of C57BL/6J mice.

1.2. Feed the mice with food and water conventionally.

1.3.  Raise the mice in the animal laboratory under stable conditions of room temperature
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umidit —60%), light—dark cycle - and room light intensit — ux).
(22 °C), humidity (50-60%), light—dark cycle (12 h—-12 h), and light i ity (350-400 lux)

1.4. Prepare the experimental equipment: optical coherence tomography with confocal
scanning laser ophthalmoscope (cSLO) for small animals (Figure 1A).

1.5.  Prepare all materials required for the experiment (Figure 1B) and weigh the mice (Figure
1C).

2. Anesthetic configuration

2.1. Add 3.57 mL of sterilized water to a bottle of lyophilized anesthetic powder (Tiletamine
125 mg + Zolazepam 125 mg) to achieve a final concentration of 70 mg/mL.

2.2. Dissolve 200 mg of Xylazine powder in 10 mL of sterilized water to a final concentration
of 20 mg/mL.

2.3.  Mix the two solutions in a new tube (take the same volume to mix, volume ratio 1:1);
2.4. Setthe injection dosage of the anesthetic mixture solution as 1 pL/g.

NOTE: Dosage selection should be according to the experiment duration. When the dosage is 1
uL/g (1 uL of anesthetic mixture for each 1 g weight of mouse), the duration of deep anesthesia
is 1 h. When the dosage is 1.5 uL/g (1.5 pL of anesthetic mixture for each 1 g weight of mice),
the duration of deep anesthesia is ~2 h. The dosage of 1 uL/g anesthetic mixture met the time
requirement of OCT (0.5-1 h) for one mouse.

3. Information records

3.1. Record the information: group, code, date of birth, age, sex, weight, and anesthetic
dosage.

4, Instrument startup and testing

4.1.  Switch on the computer and start up the software.

4.2.  Click the Test program button to complete the test program.

4.3. Turn on the thermostat and preheat it to the temperature of 37 °C.
4.4. Start the OCT module procedure after the program testing.

4,5. Create a new subject and fill in the mouse information.

4.6. Preheat the electric blanket and cover it with surgical towels.
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5. Application of mydriatic drops

5.1. Grab the mouse, pull the neck fur, make the eyeball protrude slightly, and rotate the
mouse head with one eye facing upward.

5.2.  Applythe mydriatic drops to the eyes to dilate the pupil, one drop in each eye (Figure 2A).
5.3. Rotate the head to add the mydriatic eye drop to the other eye.

5.4.  Wipe away any excess liquid spilling over the face.

5.5.  Check for pupil dilation after 10 min.

6. Anesthesia: Intramuscular injection (after pupil dilation)

6.1.  Calculate the injection volume of the anesthetic mixture solution according to the weight,
e.g., 20 uL/20 g (Figure 1C).

6.2.  Extract the corresponding volume of the anesthetic mixture with a 50 puL microsyringe,
e.g., 20 pL.

6.3.  Select the lateral thigh muscles of the mouse as the injection point.

6.4. Remove the localized hair with scissors to expose the thigh muscles.

6.5. Disinfect the skin three times with povidone-iodine (Figure 1B—l and Figure 2B).

6.6. Insertthe microsyringe needle into the muscle at an angle of 60—-90° with the bevel of the
needle mouth facing upwards and a depth of ~0.3 cm (ensure that the bevel is fully inserted into
the muscle; Figure 2C).

6.7. Inject all of the anesthetic solution in the microsyringe (Figure 2C).

NOTE: A smooth injection with no spillover indicates successful injection.

6.8.  Pull out the needle quickly after injection.

6.9. Pressthe injection area with a cotton swab for 30 s.

6.10. Ensure that there is no local bleeding and congestion.

7. Placement of the mouse



177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220

7.1.  Place a mouse on an electric blanket platform.

7.2.  Coat both eyes with medical sodium hyaluronate gel immediately after anesthesia (Figure
2D).

7.3.  Screw a 60 D double spherical lens (preset lens) on the cSLO device (Figure 1A-5,6).

7.4. Place a 100 D contact lens on the mouse cornea with the concave side touching the
sodium hyaluronate gel on the corneal surface (Figure 2E,F and Figure 3A-Il).

7.5. Place the mouse on the small, constant-temperature animal platform and keep the eye
1-2 mm away from the lens of the cSLO device (Figure 3A).

7.6. Adjust the angle of the contact lens with forceps to keep the pupil in the center of the
lens.

7.7. Fine-tune the adjustments to the head to make the eye face straight ahead.
8. Confocal Scanning Laser Ophthalmoscope (cSLO)
8.1.  Click the OCT button, choose the mouse module, and start the cSLO program (Figure 4B).

8.2.  Select the IR mode (light source: red light), and adjust the parameter (range: 2047, Figure
4D).

8.3. Select the eye to be examined (right eye: Figure 4C-1; left eye: Figure 4C-2)
8.4. Control the lever and move the preset lens towards the contact lens slowly.
8.5.  Adjust the diopter value until the posterior pole imaging is clear (Figure 4E).

8.6. Make further adjustments to align the image of the retinal posterior pole, centering it at
the optic nerve head.

9. Optical coherence tomography (OCT)

9.1. Start the OCT program (Figure 4G).

9.2. Click the progress bar up and down until the OCT image appears (Figure 4H).

9.3.  Adjust parameters: Range Min (Figure 41) = 0—20, Range Max (Figure 4J) = 50—60.

9.4. Adjustthe preset lens distance and position direction until an ideal OCT image is obtained.



221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264

9.5. Select the scanning position by moving the standard line in the cSLO (Figure 4M).
9.6.  Start scanning from the optic nerve head.

9.7. Collect images in the same order for each eye: horizontal line: optic nerve head -
superior - inferior; vertical line: optic nerve head - nasal - temporal.

9.8. Collect images from four directions.

9.9. Click Average to overlay the cSLO and OCT image signals (Figure 4F and Figure 40).
9.10. Click the shot button to acquire the SLO-OCT image (Figure 4P).

9.11. Save and export all the images (Figure 4Q, R).

10. The end of the experiment (after the OCT examination)

10.1. Place the mouse on the electric blanket to keep it warm until it wakes up.

NOTE: The mouse should be monitored until it regains sufficient consciousness to maintain
sternal recumbency.

10.2. Remove the 100 D contact lens.
10.3. Apply the levofloxacin eye gel to protect the cornea.
10.4. Place the mouse back in the cage after it wakes up.

NOTE: Ensure that the examined mouse is not returned to the company of other mice until fully
recovered.

10.5. Turn off the software and switch off the computer.

10.6. Clean the 100 D contact lens with water; dry the lens.

10.7. Clean and disinfect the environment.

11. Image analysis

11.1. Compare the OCT images of VIdIr knockout mice with those of C57BL/6J mice.

11.2. Observe multiple positions: vertical and horizontal scans passing through the optic papilla;
superior, inferior, nasal, and temporal scans; and abnormal reflection site scans.
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11.3. Observe the thickness, shape, layering, and abnormal reflectance lesions of the retina in
each image, as well as the vitreous interface of the retina and the vitreous body.

11.4. Record the locations, characteristics, and numbers of lesions.

12. Retinal stratification correction

12.1. Click Load Examination on the OCT interface (Figure 5A).

12.2. Call out the OCT images of a mouse from a pop-up window.

12.3. Select images: OCT image scanning through the optic papilla, horizontally or vertically.
12.4. Double-click the image in the Media Container to display it on the screen (Figure 5C).
12.5. Click on Layer Detection to complete automatic layering on the retina (Figure 5D).
12.6. Select the dividing lines on both sides of the layer prepared for analysis (Figure 6D-10).

12.7. Select a separate dividing line (Figure 6B-6) and click Edit Layer (Figure 6A-1) to activate
the line when a red circle appears (Figure 6B-7).

12.8. Adjust Spacing (Figure 6A-4, e.g., 50) and Limit Range (Figure 6A-5, e.g., 50).

12.9. Modify the dividing line by moving the red circle (compare the green dividing line in Figure
6B and Figure 6C; Figure 6C shows the modified result).

13. Retinal lamination thickness

13.1. Click the Measure Marker button (Figure 6D-9).

13.2. Select the dividing line of the layer to be analyzed (e.g., in the outer nuclear layer, select
the 4™ and 5% dividing line in the list) to display the boundary of the layer on the OCT image
(Figure 6D-10).

13.3. Select Connect with Layer (Figure 6D-11) and Stay Connected on Move (Figure 6D-12).
13.4. Select the area to display the results (the selected column is colored, Figure 6D-13).
13.5. Click the position to be analyzed on the OCT image to make the measurement line appear
(perpendicular to the horizontal axis and consistent with the color of the resulting area) (Figure

6D-14).

13.6. Click on the next column for the next measurement and reveal the previous data (Figure
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6E-15).

13.7. Read the Vert value (thickness of the measured position) in the Length in um (tissue) row
(Figure 6E, red rectangle).

13.8. Click Delete Marker (Figure 6E-16) and New Marker (Figure 6E-17) to retest so that the
results will cover the original data (if remeasurement is necessary).

13.9. Press Print Scr on the keyboard to save screenshots, or click Save Examination to save
directly (Figure 5H).

13.10. Input the data into a spreadsheet or statistical software for statistical analysis.
14. Measurement of full retinal thickness

14.1. Select line 1 (ILM, inner limiting membrane, Figure 7B) and line 7 (OS-RPE, OS: outer
photoreceptor segments; RPE: retinal pigment epithelial layer, Figure 7C) in the list in the upper
right corner.

NOTE: The full retinal thickness means the thickness of the retinal neurepithelium layer, which is
the retina between ILM and OS-RPE on OCT).

14.2. Measure the retinal thickness on both sides of the optic papilla at a specific interval.

14.2.1. For example: from the appearance of the retinal structure at the edge of the optic papilla,
measure 4 values with 200 um spacing of the horizontal ruler (Figure 7G,H).

14.3. Record all measured values in a spreadsheet.

14.4. Use multiple t-tests (one per row) to compare the measured values of each corresponding
position in both groups.

REPRESENTATIVE RESULTS:

Thanks to the high-resolution scans of OCT, the layers of the mouse retina can be observed, and
abnormal reflections and their exact locations can be identified. The retinal OCT images of VlidIr
knockout mice and C57BL/6J mice were compared in this study. The OCT images of all C57BL/6)
mice showed various retinal layers with different reflectivity, and the demarcation was clear
(Figure 8D). In contrast, all VidIr knockout mice showed abnormal, hyperreflective lesions on the
OCT images (Figure 8B).

Incomplete vitreous detachment (PVD) in VIdIr knockout mice

The OCT results showed some middle reflective bands on the retinal surfaces of VIdIr knockout
mice (Figure 8B, red arrows). These middle reflective bands adhered to the retinal vessel (Figure
8B, green arrow), corresponding to the cSLO image (Figure 8A, green arrow). These features are
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consistent with the OCT characteristics of incomplete vitreous detachment.

Subretinal neovascularization in VidIr knockout mice
The results showed that subretinal neovascularization had two development modes in the VidIr
knockout mice.

With involvement of the outer nuclear layer

A hyperreflective lesion, with a bottom-down triangular shape on the OCT image, appeared on
the subretinal space and spread to the outer nuclear layer. The lesion did not break through the
outer plexiform layer (Figure 8B, white arrow).

The OCT appearance of this type of subretinal neovascularization was consistent with the
pathological findings shown in Figure 9A. The pathological section showed that
neovascularization (Figure 9A, thick green arrow) broke through the RPE, photoreceptor
inner/outer segments (IS/0S), and the external limiting membrane (ELM). It invaded the outer
nuclear layer (ONL) but did not break through the outer plexiform layer (OPL).

Without involvement of the outer nuclear layer

A band of hyperreflective lesion appeared on the OCT image, which was located at the subretinal
space (Figure 8B, yellow arrow). The cSLO image showed the corresponding location (Figure 8A,
yellow arrow). The additional scans of the retina around this location (Figure 8A, yellow arrow)
showed the same findings.

Consistent with the lesion (Figure 10A, thick blue arrow) in the pathological section, this
subretinal neovascularization did not break through the ELM (Figure 10A, thin yellow arrow) but
partially involved the photoreceptor IS/0S.

Retinal thickness results

The retinal thickness of the right eye of all mice was obtained by using the automatic stratification
and thickness measurement function of OCT. The retinal thickness of VIdIr knockout mice (200.94
+ 14.64 um) was significantly lower than that of C57BL/6J mice (217.46 + 10.21 um, P < 0.001, t-
test, 7 right eyes/group). The comparison of retinal thickness in the four directions (temporal,
nasal, superior, and inferior) of the posterior polar between the two groups is shown in Figure
11.

FIGURE AND TABLE LEGENDS:

Figure 1: Preparation of experimental materials and animals. (A) Equipment: 1. ¢SLO/OCT
device for small-animal retinal imaging, 2. computer and monitor, 3. Small, constant-temperature
animal platform, 4. thermostat, 5. preset lens, 6. installation of the preset lens. (B) Medicines and
small items: I. povidone-iodine, Il. microsyringe, lll. anesthetic mixture solution, IV. timer, V.
mydriatic eye drops, VI. forceps, VII. medical sodium hyaluronate gel, VIII. medical cotton swab,
IX. antibiotic eye ointment, X. 100 D contact lens (two). (C) Weight measurement on a digital
balance. Abbreviations: cSLO = confocal scanning laser ophthalmoscope; OCT = optical coherence
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tomography.

Figure 2: Preparation before OCT examination of mice. (A) Mydriasis eye drop application, (B)
disinfection at the anesthetic injection site with povidone-iodine, (C) intramuscular injection of
the anesthetic drug, (D) sodium hyaluronate gel coating on the cornea, (E, F) placement of a 100
D contact lens, with concave surface contacting the cornea. Abbreviation: OCT = optical
coherence tomography.

Figure 3: OCT examination procedures. (A) Mouse position placement, |. preset lens, Il. contact
lens, 1ll. Small, constant-temperature animal platform. (B) Operation of the cSLO/OCT machine,
IV. operating lever, V. tilt lever, VI. ¢SLO device. Abbreviations: cSLO = confocal scanning laser
ophthalmoscope; OCT = optical coherence tomography.

Figure 4: OCT imaging process. A. Measurement mode, B. Start Laser of the IR laser, C. eye
selection (C-1-OD; C-2-0S), D. range of IR laser, E. the diopter, F. overlay of the cSLO image, G.
OCT scanning start/stop laser button H. reference of OCT image, |. Range Min: 0-20, J. Range
Max: 50-60, K. signal intensity of the image, L. scanning direction (e.g., vertical scan), M. scanning
position selected by moving the green reference line (e.g., vertical scan through the optic papilla),
N. real-time display of the OCT image, O. overlay of the OCT image, P. Shot: image acquisition, Q.
SLO-OCT images that have been acquired, R. Save Examination: saving the examination result.
Scale bars = 200 um. Abbreviations: cSLO = confocal scanning laser ophthalmoscope; OCT =
optical coherence tomography; IR = infrared; OD = right eye; OS = left eye.

Figure 5: Automatic retinal delamination interface on OCT system. A. Load Examination button,
B. Media Container, showing all the OCT images, C. OCT image being selected for analysis, D.
Layer Detection button for automatic retinal layering, E. dividing line list, F. automatic
delamination on the retina, G. Edit Layer button for layered correction, H. Save Examination
button for saving the results. Scale bars = 200 um. Abbreviation: OCT = optical coherence
tomography.

Figure 6: Layered correction (A—C) and thickness measurement (D-E). (A) Layered edit activation
interface: 1. Edit Layer button, 2. dividing line list (e.g., selecting all lines), 3. activated dividing
lines, 4. Spacing adjustment, 5. Limit Range adjustment. (B) Activation of a dividing line (e.g., line
3in A), 6. line 3, the line between the inner plexiform layer and inner nuclear layer, 7. an example
of layering error. (C) Layering error modification, 8. the red circle for modification. (D) An example
of retinal lamellar thickness measurement, 9. Measure Marker button, 10. dividing lines of the
outer nuclear layer, 11. Connect with Layer (the measurement will connect with the layer
according to the dividing lines), 12. Stay Connected on Move (the measurement position is where
the manual click stays), 13. the location of the result display, 14. the measurement line
(perpendicular to the horizontal axis). (E) Measurement result acquisition, 15. the measurement
results (red rectangle: Vert value is the thickness result), 16. Delete Marker button for
measurement record deletion, 17. New Marker button for remeasurement (the new result will
overwrite the original record). Scale bars = 200 um.
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Figure 7: Measurement of full retinal thickness. A. Measure Marker button, B. line 1 (ILM) and
C. line 7 (OS-RPE) selection for showing the boundaries of the full-thickness retina, D. Connect
with Layer selection, E. Stay Connected on Move selection, F. ruler bar (vertical and horizontal
ruler bars, both 200 um in length), G. measurement lines on the retina (4 lines with 200 um of
horizontal ruler length as spacing on each side of the optic papilla), H. the measurement results
(the results are differentiated by different colors and correspond to the color of the
measurement lines on the retina), I. Data extraction from the Vert value in the Length in um
(tissue) row. Scale bars = 200 um. Abbreviations: ILM = inner limiting membrane; OS-RPE =
photoreceptor outer segment of retinal pigment epithelium.

Figure 8: Comparison of ¢cSLO and OCT images of VidIr knockout and C57BL/6J mice. cSLO (A)
and OCT (B) images of VIdIr knockout mice compared with the cSLO (C) and OCT (D) images of
C57BL/6J mice. Characteristics of OCT in VIdIr knockout mice (B): 1) Middle reflective line (B, red
arrows) on the inner surface of the retina with adhesion to the retinal vessel (B, green arrow). 2)
Hyperreflective lesions, located at the subretinal space, with (B, white arrow) or without (B,
yellow arrow) involvement of outer nuclear layer. The arrows on the cSLO image (A) represent
the locations of the corresponding color arrows on OCT image (B). Scale bars = 200 um.
Abbreviations: ¢SLO = confocal scanning laser ophthalmoscope; OCT = optical coherence
tomography; VIdIr = very-low-density lipoprotein receptor.

Figure 9: Mode 1: retinal paraffin sections with hematoxylin-eosin staining in V/dIr knockout
and C57 BL/6J mouse. (A) An example of subretinal neovascularization invading the outer nuclear
layer (thick green arrow), located in the middle part of the retina of a VIdIr knockout mouse. (B)
Normal control, the middle part of the retina of a C57 BL/6J mouse. Scale bars = 50 um.
Abbreviations: VIdIr = very-low-density lipoprotein receptor; ILM = inner limiting membrane; NFL
= retinal nerve fibre layer; GCL = retinal ganglion cell layer; IPL = inner plexiform layer; INL = inner
nuclear layer; OPL = outer plexiform layer; ONL = outer nuclear layer; ELM = external limiting
membrane; IS = photoreceptor inner segment; OS = photoreceptor outer segment; RPE = retinal
pigment epithelium layer.

Figure 10: Mode 2: retinal paraffin sections with hematoxylin-eosin staining in VidIr knockout
and C57 BL/6J mouse. (A) An example of subretinal neovascularization without the involvement
of outer nuclear layer (thick blue arrow) and with intact ELM (thin yellow arrow), located in the
middle periphery retina in a VidIr knockout mouse. (B) Normal control, the middle periphery
retina of a C57 BL/6J mouse. Scale bars = 50 um. Abbreviations: VLDR = very-low-density
lipoprotein receptor; ILM = inner limiting membrane; NFL = retinal nerve fiber layer; GCL = retinal
ganglion cell layer; IPL = inner plexiform layer; INL = inner nuclear layer; OPL = outer plexiform
layer; ONL = outer nuclear layer; ELM = external limiting membrane; IS = photoreceptor inner
segment; OS = outer photoreceptor segment; RPE = retinal pigment epithelium layer.

Figure 11: Comparison of retinal thickness between C57 BL/6J mice and V/dIr knockout mice
(all data from the right eye). (A) Retinal thickness (um) through the optic nerve papilla by OCT
horizontal scanning. (B) Retinal thickness (um) through the optic nerve papilla by OCT vertical
scanning. The horizontal coordinate represents the measuring positions with spacing of 200 um.*:
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P <0.05, **: P<0.01, ***: P <0.001. Abbreviations: T = Temporal; P = Optic papilla; N = Nasal; S
=Superior; | = Inferior; OCT = optical coherence tomography; VLDR = very-low-density lipoprotein
receptor; OD =right eye.

DISCUSSION:

In this study, OCT imaging using a small-animal retinal imaging system was applied to evaluate
retinal changes in VlIdIr knockout mice, which demonstrate incomplete posterior vitreous
detachment, subretinal neovascularization, and retinal thickness thinning. OCT is a noninvasive
imaging method to examine the condition of the retina in vivo. Most OCT devices are designed
for human eye examination. The size of the hardware equipment, the setting of the focal length,
the setting of the system parameters, and the positioning requirements of the examinee are all
based on the human eye. Modifications of the lens and system settings are required to examine
small animals with human-specific OCT equipment. This paper presents small-animal OCT
examination procedures.

The focal length is different during image scanning of different small animals with different sizes
of eyeballs. This difference in focal length is critical and must be resolved to obtain clear and
accurate fundus images. One effective method is replacing the objective lens with lenses of
different curvatures. Due to its small eyeball, the mouse needs a contact lens of 100 D in front of
the cornea in addition to the double-spherical 60 D preset lens of the OCT equipment.

The OCT can only provide line scans that only cover a limited region of the retina. Therefore, it is
essential to standardize the protocol of OCT scans for qualitative and quantitative comparison of
OCT findings in different groups. Three horizontal scans and three vertical scans were performed
here. This machine provides a real-time ¢SLO image to monitor the location of the OCT scan so
that the position of the scan can be adjusted accurately and conveniently. Additional scans can
be added when an abnormal reflection is found.

The parameters of image acquisition need to be adjusted carefully. Here, it is recommended that
the Range Min be 0-20 and the Range Max be 50-60 (Figure 4l,]J). When the parameters are
overadjusted, the signal contrast of the image would be enhanced, and the reflected signal of
the retina with low reflection becomes lower or even black, and some morphological information
will be lost.

The following are some tips to avoid image quality deterioration: 1. Place a contact lens in front
of the eyes immediately after anesthesia to avoid cataracts; 2. Ensure that the preset lens and
contact lens are clean; 3. Avoid hair entering between the cornea and the contact lens; 4. Ensure
the doppler, contrast, and brightness in the OCT parameters are set appropriately.

The OCT images can be used to qualitatively detect lesions and quantitatively measure metrics
such as retinal thickness. Here, a method is proposed to measure the retinal thickness at several
locations, and the average can be calculated as the mean retinal thickness. This is achieved
through the automatic stratification function of the OCT system. Therefore, the thickness of the
retinal laminations can also be measured. The measurement method is simple and accurate
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(Figure 6 and Figure 7). The results showed that the retinal thickness was lower in VIdIr knockout
mice than C57BL/6J mice, consistent with the literature?. The difference in retinal thickness
between the two groups can be clearly shown by a graph generated from the measurements at
multiple locations (Figure 11). Similar retinopathy analysis and retinal thickness measurement
methods have also been reported in the Stargardt disease mouse model®®. However, it is worth
noting that the hyperreflective bands at the vitreous interface of the retina do not belong to the
retinal tissue and should be removed during stratification. In addition, if subretinal lesions invade
the retina, the thickness measurement should include the invaded portion.

This small-animal retinal imaging system has some limitations. For example, although it can
provide clear images of the posterior pole within 35°, image acquisition of the peripheral retina
is still challenging. In addition, cSLO forms a gray-scale image, which is not as good as a color
fundus image to detect fundus lesions (pigmentation, bleeding, exudation). Hence, further
improvements are needed. In summary, OCT examination by the cSLO machine could facilitate
the noninvasive detection and measurement of retinopathy in mouse models.
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Dear Editor,

We appreciate the important comments raised by the reviewers and editor. These comments helped
us a lot to improve our manuscript. We have revised the manuscript accordingly. Please see below
for a point-by-point response to the comments.

Best,

Xiaoting Mai

Editorial comments:

Editorial Changes
Changes to be made by the Author(s):
1. Please take this opportunity to thoroughly proofread the manuscript to

ensure that there are no spelling or grammar issues.

The spelling and grammar issues have been thoroughly proofread.

2. For in-text formatting, corresponding reference numbers should appear as
numbered superscripts after the appropriate statement(s) and before the

punctuation.

The corresponding reference numbers have been modified to numbered
superscripts form, and placed after the appropriate statement(s) and before the

punctuation.

3. Please also include in the Introduction the following with citations:

a) A clear statement of the overall goal of this method

Here, we demonstrated the application of OCT imaging to detect retinal
lesions in VLDLR knockout mice, hoping to provide some technical reference for

the research of retinopathy in small animal models. (Page 1, line 64-66)
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b) The rationale behind the development and/or use of this technique

The principle of OCT is optical coherence reflectometry, which obtains tissue
cross-sectional information from the coherence of light reflected from a sample
and converts it into graphic or digital form through a computer system. The
reference literature is: Huang, D., et al., Optical coherence tomography.

Science (New York, N.Y.), 1991. 254(5035): p. 1178-81. (Page 2, 42-44)

c) The advantages over alternative techniques with applicable references to

previous studies

Compared to the OCT which was first used for retinal imaging in mice, OCT
in small animals has now been optimized in both hardware and software
systems. For example, OCT in combination with the tracker significantly reduces
the signal noise ratio, OCT software system upgrades allow more retinal layers
to be detected automatically, and the integrated DLP beamer helps to reduce

the motion artifacts. (Page 2, 54-58)

d) A description of the context of the technique in the wider body of literature

Optical coherence tomography (OCT) is an imaging technique that can

provide in vivo high resolution, cross-sectional imaging for tissuell-?], especially

the non-invasive examination in retinall0-131,(Page1-2, 39-41)

e) Information to help readers to determine whether the method is appropriate

for their application

The method providing here is for the technical reference in the research of

retinopathy in small animal models. It also is our goal here. The information has



been added. (Page 2, 65-66)

4. The Protocol should be made up almost entirely of discrete steps without
large paragraphs of text between sections. The Protocol should contain only

action items that direct the reader to do something.

The Protocol has been modified as discrete steps. (Page 2-7, 68-328)

5. JoVE cannot publish manuscripts containing commercial language. This
includes trademark symbols (™), registered symbols (®), and company hames
before an instrument or reagent. Please remove all commercial language from
your manuscript and use generic terms instead. All commercial products should
be sufficiently referenced in the Table of Materials.

For example: Image-Pro Plus, Excel, etc.

All commercial language has been expunged from the manuscript, including
logos that can be clearly seen in the picture, e.g., Figure 4 and Figure 5 in the

original article, and the software name (Image-Pro Plus, Excel).

6. Please adjust the numbering of the Protocol to follow the JoVE Instructions for
Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if

necessary.

All the numberings have been adjust. (Page 2-7, 72-328)

7. Please revise the text to avoid the use of any personal pronouns (e.g., "we",

you", "our" etc.).

All personal pronouns have been expunged from the manuscript (all the

"o

words of “we”, “you” or “our”).



8. Please ensure that all text in the protocol section is written in the imperative
tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure
that,” etc.). The actions should be described in the imperative tense in complete
sentences wherever possible. Avoid usage of phrases such as “could be,”
“should be,” and “would be” throughout the Protocol. Any text that cannot be
written in the imperative tense may be added as a “Note.” However, notes

should be concise and used sparingly.

All text in the protocol section is written in the imperative tense in complete

" \\

sentences. We didn’t use the phrases such as “could be,” “should be,” or “would

be” in the Protocol. (Page 2-7, 72-328)

9. Please add more details to your protocol steps. Please ensure you answer the

“how” question, i.e., how is the step performed?

Yes, we have add more details to the protocol steps. For example, page

2,80-83; page 3, 93-100; page 4, 140-163.

Line 92: The Mydriatic preparation has no steps associated. Please check.

The mydriatic drop doesn't have to be configured. It's a whole bottle. We

have explained it in the article. (Page 3, 124)

Line 96: Was a pre-determined quantity of eye drop administered? If yes,

please specify.

Yes. It has been specified. (Page 3, 124)



Line 104: What was the volume used in the current protocol?

The volume has been added in the protocol. It is one drop each eye. (Page

4, 129)

Line 106: Syringe size used.

The syringe size has been added in the protocol. It is a 50ul microsyringe.

(Page 4, 144)

Line 110: Were the hair removed? Was the disinfection done once? Usually, 3

rounds of disinfection are done.

Yes, the localized hair was removed to expose the thigh muscles. We will

disinfect the skin 3 times with povidone-iodine. (Page 4, 149-151)

Line 111: What does 0.3 cm denote? Is it the depth of injection?

Yes. It is the depth of injection. It has been added. (Page 4, 154)

Line 115: How was proper anesthetization confirmed?

Inject all anesthetic solution in the microsyringe (smooth injection with no

spillover indicates successful operation). (Page 4, 157-158)

Line 117,185: What does Dpt, RPE stand for? Please specify/expand.

The word “Dpt” should be “D”. It's a diopter unit, standing for the Lens

diopter. We have revised it. (Page 5, 173-175)

And we also expand “0S” and “"RPE”. OS: photoreceptor outer segments;



RPE: Retinal pigment epithelial layer. (Page 8, 318-319)

Line 148: What does lesion site mean here?

The word “lesion site” means abnormal reflection site. We have change the

word. (Page 6, 254)

10. Please include a single line space between each step, substep, and note in
the protocol section. Please highlight up to 3 pages of the Protocol (including
headings and spacing) that identifies the essential steps of the protocol for the
video, i.e., the steps that should be visualized to tell the most cohesive story of
the Protocol. Remember that non-highlighted Protocol steps will remain in the

manuscript, and therefore will still be available to the reader.

We have added a single line space between each step, substep, and note in

the protocol section. We have highlight the Protocol that identifies the essential

steps of the protocol for the video. (Page 2-8, 68-330)

11. Please do not number the results section.

The numbers in the results section have been deleted.

12. Please explain the Representative Results in the context of the technique

you have described, e.g., how do these results show the technique, suggestions

about how to analyze the outcome, etc.

Yes, we have an explanation for that. (Page 8, 333-334,; page 9, 357-358)

13. Please remove all the embedded figures and table from the manuscript.



We have removed all the embedded figures and table from the manuscript.

14. Please provide a scale bar for all images captured using a microscope.

The images captured using a microscope have had the scale bar. We have

shown the scale bar in the bright color. However, in pictures that are not taken

under a microscope, objects have different distances and scales, making it

impossible to set up a unified bar. (Figure.4-8)

15. Please use capital letters for various image panels.

We have use capital letters for various image panels. (Figure.1-3,6,8)

16. As we are a methods journal, please also include in the Discussion the

following in detail along with citations:
a) Critical steps within the protocol
We have listed above in the discussion section. (Page.11, 454-457,

469-473)

b) Any limitations of the technique

We have listed above in the discussion section. (Page.12, 482-485)

¢) The significance with respect to existing methods

We have listed above in the discussion section. (Page.12, 486-487)

17. Please ensure that the references appear as the following: [Lastname, F.I,,

LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage -

LastPage (YEAR).]



All references conform to the prescribed format. (Page.12-14, 496-563)

Reviewers' comments:

Reviewer #1:
Manuscript Summary:

the images of both groups showed retinal layers.

Major Concerns:

None

Minor Concerns:
Do you think you could detail the installation of the 60 Dpt. double spherical lens

(objective lens) on the cSLO device?

The 60D lens has spiral interface, rotary mount, as seen in Figures 1 and 3.

(Page.5, 173)

Could you please add a statistical comparison of retinal thickness between

groups?

Yes, we have added the statistical comparison of retinal thickness between

groups. (Page.9, 359-362, and Figure.9)

Clinical OCT images provide a signal strength information. Does the OCT used in

this study device measure it?

Yes, the OCT used in this study shows the signal strength information when
operating. It is showed as signal intensity of the image. (Page.9,385-386,

Figure 4.©)



Reviewer #2:

Manuscript Summary:

The manuscript entitled "Application of Optical Coherence Tomography in a
Mouse Model of Retinopathy" describes the authors' study of OCT analysis using
VLDLR KO mice. In the manuscript, although the authors described detailed
protocols of their experiment, several parts should be pointed out as preliminary

portions that may need to be corrected, if possible.

Major Concerns:

1. The purpose of the study is quite ambiguous. If the purpose of this study is to
introduce the methods and results of OCT analysis using mouse models, there is
no new information that should be added to what we have already known,
because there are numerous publications dealing with OCT analyses using
rodent models in addition to what were cited by the authors shown in the
reference list. Conversely, if the purpose of the study is to show the novel OCT
findings of the VRDLR KO mice, the results presented in Figure 6 do not provide
sufficient level of information that would make readers satisfied. The reasons of

this latter comment are described in the following column.

JOVE is mainly about detailing the steps of a method, not about getting new
results, or building new methods. Therefore, the purpose of the study is to

provide some technical details. (Page.2, 64-66)

2. Because the authors mentioned that OCT is well correlated with
histopathology, there is no evidence that proves the correlation of the OCT
findings obtained in the experiment to their histopathologic findings in the text.
To scientifically improve quality of the manuscript, the authors need to present
histopathologic findings corresponding to the subretinal band with high
refractive lesion ("neovascularization"), so that we can more precisely compare

the presented OCT findings in relation to histopathology.



JOVE is mainly about detailing the steps of a method, not about getting new

results. Therefore, the pathological sections are not necessary for this paper.

3. In Table 1 and comments in L217-218 (P.6), no statistical analysis was

performed. It is not scientific at all.

We have added the statistical analysis and improved this part. (Page.9,

359-362, Figure.9)

4. What is the purpose of analyzing the whole retinal thickness? Why didn't you
perform retinal sublayer thickness analysis in addition to the whole thickness
measurement? Because sublayer segmentation analysis is one of advantages of

using OCT, the authors should consider it.

Yes, we have considered it and added the sublayer segmentation analysis

using the OCT. (Page.”7-8, 261-327, Figure.5-7)

5. In the retinal thickness analysis (Figure 5), two or three Nos. 8 and 10
straight lines do not appear perpendicular to the retina in the peripheral portion,
so that they do not reflect the real thickness of the retina using these oblique

lines. Isn't it a limitation of this measurement procedure?

In thickness analysis, the straight line is perpendicular to the horizontal axis
rather than the retina, which is a characteristic of OCT image analysis. In
addition, we have changed the original analysis method to use the built-in

analysis function on the system. (Page.7-8, 261-327, Figure.5-7)

Minor Concerns:
1. In Figure 6. b and comments in L207-215 (P.5-6), why does the same Figure

6. B appear in both vertical development mode and horizontal expansion mode?



It sounds logically impossible.

We wrote the numbers together, which caused confusion, and now the problem

is solved. (Page.10,421-428)

2. In Figure 4 legend in L251 (P.8), isn't scanning direction of No.11 in Figure 4

actually "vertical" instead of "horizontal"?

Yes, vertical scanning is selected in the picture. It has been revised. (Page.9,

386-387, Figure.4)

Reviewer #3:

Manuscript Summary:

The manuscript describes the protocol of imaging mouse retina using a
commercial OCT. The authors use the protocol to image and compare the
difference between retinas of normal and very-low-density lipoprotein receptor
knockout mice. The manuscript is well organized, all materials and equipment

are listed, and the steps in the protocol are clear and easy to follow.

Major Concerns:

The manuscript is well written and well organized, I don't have major concerns.

Minor Concerns:

The authors demonstrate the protocol by imaging normal and retinopathy retina.
Such protocol also applies to many other studies that involve imaging retinas of
different disease model. Maybe the authors could discuss the broader
application. Another minor suggestion is for the authors to provide tips that help
avoid pitfalls that could lead to bad image.

we've added some tips in the discussion. (Page.11, 463-467)



