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SUMMARY: 
This protocol describes procedures for extracting mouse eyeballs, staining retinal tissue, and visualizing and quantifying retinal ganglion cells to assess inflammation-mediated neurodegeneration in experimental mouse models of multiple sclerosis.

ABSTRACT:
Quantification of retinal ganglion cell (RGC) loss provides a sensitive and reproducible measure of neurodegeneration in mouse models of neurologic disease and injury. In experimental autoimmune encephalomyelitis (EAE), a widely used mouse model of multiple sclerosis, inflammation of the optic nerve can lead to optic neuritis, axonal injury, and progressive RGC loss. Therefore, quantification of RGC survival provides a valuable readout of inflammation-mediated neurodegeneration and can be used to evaluate disease severity and neuroprotective interventions. Here, we describe a protocol for retinal dissection, flatmount preparation, immunostaining, and quantification of RGCs in the mouse retina. Using whole-mount preparations, this method preserves the structure and spatial organization of the retina, which allows visualization and quantification of RGCs using markers such as Brain-3 homolog A (Brn3a). This protocol allows reliable identification and counting of surviving RGCs, while changes in labeling intensity and morphology can be used to detect stressed RGCs and distinguish them from lost cells. The current findings show that this protocol robustly detects Brn3a-positive RGCs and is sensitive to both early RGC stress and overt RGC loss in EAE mice. This approach provides a robust and scalable framework for evaluating inflammation-driven neuronal injury and assessing neuroprotective strategies in preclinical studies.

INTRODUCTION:  
Multiple sclerosis (MS) is a chronic autoimmune inflammatory disease of the central nervous system (CNS). It is characterized by immune-mediated demyelination, glial activation, axonal injury, and neuronal loss, which contribute to irreversible disability1–4. Optic neuritis, a frequent manifestation of MS, involves inflammatory injury to the optic nerve and is often associated with acute visual impairment followed by incomplete recovery and chronic retinal neurodegeneration5–8.
 
Both patients with MS and mouse models such as experimental autoimmune encephalomyelitis (EAE) exhibit loss of retinal ganglion cells (RGCs), the neurons whose axons form the optic nerve and are particularly vulnerable to inflammatory and metabolic stress9–12. RGC neurodegeneration persists beyond the acute inflammatory phase and has been shown to correlate with long-term structural abnormalities, visual dysfunction, and disease progression in both clinical and preclinical studies10,11,13,14. 

The retina is a unique system for studying inflammation-associated neurodegeneration in EAE and optic neuritis15–18. In these models, immune cells attack the optic nerve, which is directly connected to the retina through the axons of RGCs. This makes the eye a unique site where both inflammatory injury in the optic nerve and neuronal loss in the retina can be measured within the same visual pathway. Because RGCs are organized in a well-defined layer and can be identified using specific markers such as Brn3a or RBPMS, the retina provides a reliable and accessible tissue for quantifying neuronal damage19,20. This is especially valuable for studying the relationship between CNS inflammation, glial activation, axonal injury, and neuronal loss, as well as for evaluating novel therapeutic strategies aimed at protecting neurons during neuroinflammatory disease. 
 
The adoption of unbiased stereological techniques over the last several decades was an important methodological advance for studying neurodegeneration21–23. These approaches allow investigators to estimate the total number of neurons in three dimensions without bias from differences in cell size, shape, or orientation. More recently, advances in high-resolution confocal microscopy, tissue clearing, and computational image analysis have further refined neuronal counting strategies in inflammatory models24–26. Semi-automated and machine-learning–based segmentation pipelines now enable large-scale, spatially resolved quantification of neurons across regions of the CNS and retina, while maintaining strong concordance with classical stereological estimates when appropriately validated27,28. 

This protocol builds upon older protocols29,30 and describes a step-by-step method to prepare retinal flatmounts, stain retinal ganglion cells, and quantify RGCs along with additional markers of interest. This approach provides a robust platform for evaluating mechanisms of neurodegeneration and neuroprotection in neuroinflammatory disease models.

PROTOCOL: 
All procedures involving animals were reviewed and approved by the Institutional Animal Care and Use Committee of Johns Hopkins University (Protocol number: MO25M330). Buffers, reagents, and tools used in this protocol are listed in the Table of Materials.

1. Harvesting adult mouse eyes for retinal flatmount dissection 

1.1. Induce EAE according to established protocols29,30. For analysis of stressed or injured RGCs, harvest eyes at peak disease. For analysis of RGC degeneration and loss, harvest eyes at day 42 post-EAE induction or at a later chronic disease time point.

1.2. Following euthanasia, following institutionally approved protocols, perform transcardial perfusion with at least 30 mL PBS to remove blood from the CNS vasculature.

1.3. Carefully enucleate the eyes using curved forceps by gently pulling the eyeball together with the optic nerve. Immediately place the intact eyes in 4% paraformaldehyde (PFA) and fix for at least 4 h, up to overnight, at room temperature (RT) on a shaker. 

CAUTION: Paraformaldehyde is toxic. Handle PFA in a certified chemical fume hood while wearing appropriate personal protective equipment. Collect and dispose of PFA-containing waste according to institutional safety requirements.

1.3.1. If whole-body PFA perfusion is required for the experiment, perform enucleation before perfusion, as fixation significantly stiffens the eye tissues and makes enucleation difficult. 

1.3.2. Before placing the optic nerve in PFA, gently straighten it, as fixation makes it rigid and difficult to reposition. This step is particularly important for downstream immunohistochemistry (IHC) of the optic nerve.

NOTE: The fixation conditions were validated using immersion fixation of the intact whole eye in 4% PFA for 4 h before retinal dissection. Removing the cornea and lens before fixation was not evaluated in this study and would require independent optimization of fixation and antigen-retrieval conditions.

1.4. After fixation, transfer the eyes (that will be used for retina dissections) to fresh PBS to prepare for dissection.
 
1.4.1. If the retina cannot be dissected immediately, transfer the eye to 30% sucrose solution (1–2 mL) and incubate at 4 °C in the refrigerator for 24–48 h, or until the eyes sink.

1.4.2.  For short-term preservation, keep the eyes in 30% sucrose at 4 °C for up to 3 weeks before subsequent processing. However, prolonged storage may affect antigenicity and staining quality.

1.5. Dissect whole retinas from the fixed eyeballs using fine forceps and scissors. First, remove the anterior portion of the eye, including the cornea and lens (Figure 1B).

1.6. Next, carefully separate the retina from the sclera, taking care to avoid tearing or damaging the retinal tissue. Using precision scissors, make four radial cuts in each retina to allow the tissue to relax and flatten, creating a “clover-like” shape. If the retina already contains a tear, use the tear as one of the four loosening cuts (Figure 1B). 

1.6.1. Careful dissection of the retina from the mouse eyeball is essential, as excessive force or incomplete separation from surrounding tissues can introduce tears, folding artifacts, or tissue distortion that compromise downstream imaging and cell enumeration19,31,32. 

NOTE: The four radial relaxing cuts are particularly important for generating a flattened whole-mount preparation while preserving retinal architecture and spatial orientation. When pre-existing tears are observed, incorporating these defects into one of the planned relaxing incisions minimizes additional mechanical damage. 

1.7. Using a fine brush, gently pick up and handle the retina and transfer it into a 12-well plate containing PBS. Under a dissection microscope, carefully flatten the retina in the well using the brush. Avoid applying excessive pressure, as this may damage the retinal tissue, particularly the retinal surface and RGC layer.

1.8. Maintain the correct orientation during flattening. The inner retinal surface, containing the RGC layer, should face upward, while the outer retinal surface, adjacent to the sclera, should face downward. Once the retina is flattened, gently place a small, round coverslip over the tissue and add PBS until the retina is fully covered beneath the coverslip. 

NOTE: This helps reduce wrinkles and maintains the retina in a flat position for subsequent washing and staining steps.

1.8.1. Use only a minimal volume of PBS. Add just enough PBS to keep the retina hydrated and covered under the coverslip, but not so much that the retina floats.

1.8.2. Samples can be stored at 4 °C for up to 2–3 days until all tissues from the cohort have been collected. To prevent drying, maintain samples in a humidified chamber, for example, by wrapping the plate in a damp paper towel and sealing it with plastic wrap. 

NOTE: Ensure that the samples remain moist at all times. Alternatively, retinas may be stored in a 24-well plate containing 1 mL PBS per well for 2–3 days, ensuring that the tissue remains fully submerged.

2. Staining the retina

2.1. On the day of staining, wash the retinas in PBS. Using a fine brush, gently transfer each retina into a 1.5 mL microcentrifuge tube containing 1 mL sodium citrate solution (10 mM, pH 6.0) for antigen retrieval.

2.2. Place the tubes in a heat block at 80 °C for 30 min. Following incubation, remove the tubes and allow them to cool at RT for 10 min.

2.3. Transfer the retinas to 3% Triton X-100 in PBS and perform three 1-h permeabilization incubations at room temperature on a shaker with gentle agitation, replacing the solution between incubations.

NOTE: In our laboratory, this permeabilization condition provides reproducible antibody penetration in intact retinal whole mounts for the nuclear, cytoplasmic, cytoskeletal, stress-associated, and glial markers evaluated in this protocol. Because detergent concentration and incubation time can affect antigenicity and tissue morphology, optimize the Triton X-100 concentration and incubation duration when using additional antibodies, particularly those targeting membrane-associated or synaptic proteins.

2.3.1.  Prepare the 3% Triton X-100 permeabilization solution on the day of use and mix thoroughly before adding it to the retinas. Ensure that for each step, the shaker is set to a minimum speed while still slowly moving the solutions.

2.4. Prepare a blocking solution containing 5% normal goat serum and 1% Triton X-100 in PBS. Transfer each retina to a 48-well plate containing 400 µL of blocking solution per well. Incubate for 2 h at room temperature on a shaker with gentle agitation. 

2.5. Add the primary antibody or antibody mixture directly to the blocking solution containing each free-floating retina. Incubate for 72 h at 4 °C on a shaker with gentle agitation.

NOTE: RGCs may be detected using the nuclear marker Brn3a or the cytoplasmic marker RBPMS. These markers may be combined with GFAP, p-cJun, or βIII-tubulin as described in the Table of Materials.

2.6. Transfer each retina to a 12-well plate containing PBS. Wash three times for 1 h per wash at room temperature on a shaker with gentle agitation.

2.7. Transfer each retina to a 48-well plate containing 400 µL of secondary antibody solution. Incubate overnight at 4 °C on a shaker with gentle agitation.

2.8. Transfer each retina to a 12-well plate containing PBS. Wash three times for 1 h per wash at room temperature on a shaker with gentle agitation.

3. Cleaning and mounting the retina

3.1. Place the free-floating retinas in fresh PBS and keep them floating in PBS at RT until mounting. 

3.2. Using a fine brush, gently guide each free-floating retina out of the PBS and transfer it onto a clean glass slide. Carefully spread the retina into a flattened “clover” shape, ensuring the tissue remains properly oriented and as flat as possible. Allow the retina to dry for ~5–8 min, or until the retina itself is nearly dry (still moist on the glass slide without any remaining “puddle” surrounding it, but not dry enough to cause tissue shrinkage/shriveling).

3.2.1. During flattening, apply gentle pressure with the brush around, rather than directly on, the optic nerve head to flatten the retinal leaflets while maintaining tissue integrity. The retina is considered adequately flattened when all four leaflets rest in a single plane, and no visible folds, wrinkles, or areas of tissue overlap remain. 

3.2.2. Use an absorbent paper towel to gently wick away excess buffer from the edges of the retina. Before mounting, allow the retina to air dry slightly on the slide so that it adheres to the glass; however, do not allow the tissue to dry completely or begin to wilt.

3.3. Apply several drops of the antifade mounting medium to a glass coverslip. Slowly lower the coverslip over the retina, allowing the mounting medium to spread without pressing directly on the tissue. Use a substantial amount of mounting media here (due to the thickness of each retina) prior to carefully dropping the cover slip onto the glass slide. 

3.3.1. During mounting, insufficient antifade medium or rapid coverslip placement may introduce compression artifacts, air bubbles, or tissue folding. When placing the coverslip, do not press directly on the tissue to spread the mounting medium. Instead, allow the medium to distribute naturally. If adjustment is needed, apply gentle pressure only at the edges (corners) of the coverslip, not over the tissue itself.

3.4. Allow the slides to sit flat at RT until the mounting medium fully embeds the tissue and seals the coverslip onto the slide. Store the slides flat at 4 °C in the dark until imaging.

4. Imaging and quantification

4.1. Image the retinal flatmounts using a fluorescence microscope. Acquire images of the entire flatmount at 20× magnification (Figure 1B). 

4.2. Capture images as a Z-stack of approximately 8 optical layers to ensure adequate sampling through the thickness of the retinal tissue and to include the RGC layer. Keep consistent imaging settings, including exposure time, laser intensity, gain, and z-step size, across all samples within the experiment.

4.3. After imaging the whole retina, segment each retinal flatmount into four quadrants. Further divide each quadrant into three regions: central, middle, and peripheral retina, for a total of 12 regions per retina (Figure 1C). 

4.3.1. Within each of the four retinal sectors, select one central, one middle, and one peripheral ROI based on relative eccentricity from the optic nerve head to the retinal margin. Apply the same selection criteria to all retinas while masked to the experimental group, and avoid major vessels, folds, tears, and damaged tissue.

4.3.2. Avoid selecting regions that are folded, damaged, torn, or contain excessive vasculature, as these areas may interfere with accurate RGC quantification.

4.4. Count labeled RGCs in each region at 20× magnification. Average the counts from all 12 regions to calculate the representative RGC density for each mouse retina (Figure 1C). Perform all analyses masked to genotype and behavioral score, and compare automated counts with manual counts when applicable.

NOTE: For quantifications, RGCs can be quantified in all 12 regions with the automated MATLAB script9. Briefly, the image files are exported as tagged image file format (TIF) and fed into a custom MATLAB size segmentation algorithm to perform automated counts9. Each segment is approximately 350 × 350 μm2. Cells in the selected retinal segment undergo filtering, automatic or user-defined thresholding, and binarization, followed by identification of cell boundaries. The RGC density is reported and expressed as counts per mm2. 

RESULTS: 
This protocol provides a reproducible approach for quantifying RGC survival in flat-mounted mouse retinas in different experimental models of neuroinflammation and neurodegeneration. In the previous studies, this method was used to demonstrate that EAE induces significant RGC loss at chronic stages of the disease, whereas RGC numbers are relatively preserved at early or peak disease stages. RGCs were labeled in whole-mounted retinas using an anti-Brn3a antibody, and Brn3a-positive nuclei were quantified using a semi-automated MATLAB-based algorithm9.

To optimize the staining strategy for RGC quantification, we compared three commonly used neuronal/RGC markers in retinal flat mounts: RBPMS, Brn3a, and neuronal nuclei (NeuN). All three antibodies labeled neurons within the ganglion cell layer and produced comparable overall staining patterns9. However, Brn3a offers several practical advantages for quantitative analysis, including strong nuclear localization, a high signal-to-noise ratio, and well-defined cell boundaries that facilitate reliable automated detection and counting. Brn3a and RBPMS staining can be combined to detect RGC loss in manual quantification.

As shown in Figure 2, retinal flat mounts were imaged on a fluorescence microscope using a Plan-Apochromat 20×/0.8 NA objective. Whole-retina tiled z-stack images (56 tiles, 8 optical sections over 7 μm) were acquired at a sampling resolution of 0.345 μm/pixel. Acquisition of Z-stacks across this relatively large and uneven tissue preparation facilitates identification of the optimal focal plane throughout the retina and ensures accurate visualization and quantification of Brn3a-positive RGCs. These details have been added to improve the reproducibility of the imaging and quantification workflow.

For quantification, retinal images were analyzed using a customized MATLAB script9 that combines user-defined retinal segmentation, threshold adjustment, background subtraction, and automated cell detection. This approach allows quantification of both total RGC number and regional RGC density across defined retinal sectors (Figure 2A–C). These images illustrate the ability of the protocol to detect spatial differences in RGC survival in the retina and to compare RGC density between healthy/control and disease conditions.

In addition to quantifying RGC survival, the protocol can be adapted for multiplexed immunofluorescence staining to assess neuronal structure, stress signaling, glial activation, and retinal vasculature within the same retinal tissue. For example, Brn3a labeling can be combined with βIII-tubulin (Tuj1) to assess neuronal cytoskeletal integrity, phosphorylated c-Jun (p-cJun) to detect activation of neuronal stress pathways. It was previously observed that p-cJun expression closely follows EAE progression. Phosphorylated c-Jun, a downstream target of stress-activated MAPK signaling, is a key marker of RGC stress and injury. In control retinas, p-cJun expression is absent or detected in fewer than 1% of RGCs. Following EAE induction, p-cJun becomes detectable in approximately 11% of RGCs at disease onset and in more than 70% of RGCs at peak clinical disease (Figure 2D–F). Although total RGC numbers progressively decline during disease progression, the proportion of remaining RGCs expressing p-cJun remains high, suggesting ongoing neuronal stress and injury throughout the disease course. Co-staining with βIII-tubulin or Brn3a and p-cJun in flat-mounted retinas further demonstrates widespread activation of stress-associated signaling in RGCs from EAE mice compared with controls. βIII-tubulin staining is particularly important for identifying RGC cell bodies, as Brn3a expression is known to decrease in stressed, damaged, or neurodegenerating RGCs33. Consistent with this, we observed a significant inverse relationship between pc-Jun and Brn3a expression intensity within individual RGCs (Figure 2G,H).

Together with RGC markers, the protocol enables immunofluorescence staining of glial fibrillary acidic protein (GFAP) to assess astrocyte and Müller glial activation (Figure 2I). Retinal vascular architecture can be examined using endothelial and vascular markers such as CD31 (PECAM-1), to visualize blood vessels34. These markers enable the assessment of vascular density, integrity, and potential neurovascular interactions under pathological conditions.

The current findings demonstrate that Brn3a-based whole-mount retinal staining combined with semi-automated MATLAB analysis is a robust and adaptable method for quantifying RGC survival. The approach can be used to compare control and disease conditions, evaluate temporal patterns of neurodegeneration, assess regional vulnerability across the retina, test candidate neuroprotective drugs, and define cellular or molecular pathways that regulate RGC injury during neuroinflammation. Its compatibility with additional neuronal and glial markers further expands its utility for mechanistic studies of retinal and optic nerve pathology in EAE and other models of neurodegenerative disease.

FIGURE LEGENDS:

Figure 1: Retinal flatmount workflow for RGC staining and quantification. (A) Schematic illustration of retinal architecture highlighting retinal ganglion cells (RGCs) in the ganglion cell layer and their axonal projections through the nerve fiber layer toward the optic nerve. Major retinal layers are indicated. (B) Representative workflow for retinal preparation. Eyes are harvested with the optic nerve attached (top), followed by dissection and preparation of retinal flat mounts (bottom) for whole-retina imaging and quantitative analysis. (C) Strategy for systematic RGC sampling and quantification. The retina is divided into central, middle, and peripheral regions. Twelve sampling areas (red boxes) are distributed across the retina, consisting of four central, four middle, and four peripheral regions positioned in four radial sectors around the optic nerve head. Corresponding sampling locations are illustrated on the retinal flat mount, where regions are selected within each sector while avoiding major retinal vessels. Representative whole-retina Brn3a staining and a high-magnification image of Brn3a-positive RGCs are shown. (D) Representative retinal whole mounts obtained using our dissection protocol, illustrating the reproducibility and typical variation in flatmount preparation quality. Successful preparations retain four intact retinal leaflets positioned in a single plane, with minimal folding and limited peripheral tearing. Suboptimal preparations may contain folds, overlapping tissue, incomplete flattening around the optic nerve head, or extensive tears. Such artifacts can interfere with regional sampling and automated RGC segmentation and should be documented before analysis. 

Figure 2: Quantification of RGC survival and stress responses in EAE. (A) Schematic of retinal flatmount preparation and regional sampling strategy, illustrating central, middle, and peripheral areas used for Brn3a⁺ RGC quantification, followed by automated segmentation analysis by MATLAB. (B) Representative images of Brn3a⁺ RGCs in retinal flat mounts from control (CFA) and chronic EAE mice (day 42), shown across central, middle, and peripheral regions. Scale bars, 50 µm. (C) Quantification of RGC density (RGC/mm²) across all regions and by retinal subregions (central, middle, peripheral), demonstrating significant RGC loss in EAE compared to CFA controls, n = 7 CFA and n = 9 EAE. (D) Representative immunofluorescence images at peak EAE (day 16) showing Brn3a, βIII-tubulin, and phosphorylated c-Jun (p-cJun) labeling in CFA and EAE retinas. (E) Quantification of RGC density at day 16 showing no significant difference between CFA and EAE groups at peak disease, n = 8 CFA and n = 9 EAE. (F) Quantification of p-cJun signal reveals increased neuronal stress signaling in EAE retinas compared to controls, n = 4 CFA and n = 5 EAE. (G) Correlation analysis between Brn3a intensity and p-cJun signal indicates an inverse relationship between RGC integrity and stress activation. (H) High-magnification images of p-cJun⁺ RGCs (arrows) demonstrating colocalization with neuronal markers and a negative correlation between p-cJun and Brn3a expression. Scale bars, 20 µm. (I) Representative images of Brn3a, βIII-tubulin, and GFAP immunostaining, illustrating glial activation and structural changes in the retinal network. Scale bars, 50 µm. Each data point in panels (C), (E), and (F) represents one retina/mouse. The data are presented as mean ± SEM with individual data points; statistical significance is indicated as ***p < 0.001, ns = not significant.

Figure 3: MIF-E22Q is neuroprotective in the retina during EAE. (A) Representative high-magnification regions of interest showing Brn3a-positive retinal ganglion cells in retinal whole mounts from WT and MIF-E22Q mice at peak and chronic stages of EAE. Scale bars, 50 µm. (B) Quantification of Brn3a-positive RGC density in WT and MIF-E22Q mice at peak and chronic EAE. At peak EAE, WT n = 9 and MIF-E22Q n = 9 mice. At chronic EAE, WT n = 8 and MIF-E22Q n = 9 mice. Data are presented as mean ± SD, and each data point represents one mouse. Statistical significance was determined using two-sided unpaired t-tests, with exact p-values indicated in the graphs. This figure is reproduced from Mace et al35.

DISCUSSION: 
This study has applied this Brn3a-based quantification, which is compatible with other combinatorial markers, in multiple EAE models, including active EAE9,10,36 and spontaneous EAE37,38. The retinal quantification can also be paired with optic nerve histopathology, allowing investigators to evaluate neuronal cell body loss in the retina together with axonal degeneration, inflammatory infiltration, demyelination, and gliosis in the optic nerve. This combined retina–optic nerve analysis is particularly valuable for studies of anterior visual pathway injury in EAE and related models of inflammatory neurodegeneration. Our laboratory uses MS experimental models, including retinal and optic neuritis models, as a platform to study mechanisms of neurodegeneration and neuroprotection.

This protocol has also been used to test disease-modifying pathways and candidate neuroprotective interventions. For example, in the prior work, this RGC quantification approach was used to evaluate neurodegeneration in EAE mice and to compare RGC survival between Complete Freund’s Adjuvant (CFA) control and EAE groups at chronic disease stages. Using the same method, we have examined pathways implicated in inflammatory neurodegeneration, including NLRX137, MIF35, irisin-mediated neuroprotection39, and therapeutic interventions such as NLY0140 and LABP6637. 

In studies of NLRX1, loss of NLRX1 was associated with increased RGC loss and axonal injury in EAE, supporting a neuroprotective role for NLRX1 in the anterior visual pathway. Similarly, recent work examining MIF-mediated neuronal injury showed that MIF-E22Q EAE mice had higher RGC counts at peak and chronic EAE time points compared with wild-type EAE mice, consistent with a neuroprotective effect of the MIF-E22Q mutation (Figure 3)35. These examples illustrate how this protocol can be used not only to compare healthy and disease states, but also to evaluate specific molecular pathways that regulate neuronal vulnerability or resistance during CNS inflammation.

RGCs can be identified using either Brn3a or RBPMS immunolabeling, as the previous study demonstrated that these markers yield broadly comparable RGC counts and reliably detect RGC loss9 Brn3a was selected for this protocol because it produces nuclear labeling with minimal background, making it suitable for semi-automated quantification9. However, Brn3a-based measurements may modestly underestimate absolute RGC density41, but remain appropriate for comparisons of RGC survival when staining and quantification conditions remain constant. Nevertheless, because neuronal stress could potentially reduce Brn3a expression before cell death, validation using RBPMS or Brn3a/RBPMS co-labeling may be valuable when estimating total RGC survival or evaluating modest neuroprotective effects.

During mounting, insufficient antifade medium or rapid coverslip placement may introduce compression artifacts, air bubbles, or tissue folding. Excess moisture can lead to elevated background signals. A semi-dry mounting approach is recommended, with careful removal of residual buffer prior to mounting. Allowing retinas to partially dry and adhere to slides before coverslipping improves tissue flattening and enhances image consistency9,35,42.

A limitation of this method is that whole-mount preparations require terminal tissue collection and, therefore, cannot be used for longitudinal assessment in the same animal. One solution to this is using rodent retinal Optical Coherence Tomography (OCT) techniques, such that the mouse does not need to be euthanized to assess changes in the retina’s thickness43. In addition, retinal extraction and flatmounting are operator-dependent procedures that require technical practice to minimize variability. Retinas are extremely flimsy and tear easily, especially when extracted from the small mouse eyeball. Furthermore, while automated image analysis substantially increases throughput and reduces observer bias, segmentation algorithms may require manual correction in regions with tissue folds, high background fluorescence, or inflammatory infiltrates10,44,45. Certain regions of the retina that contain vasculature may cause regular RGC tiling patterns to change and often need to be considered when ROIs are chosen. 

Compared to traditional cross-section-based histology or density-based sampling, whole-mount retinal analysis provides comprehensive spatial resolution across the entire retina and avoids under-sampling of regional neuronal loss7–10,19. This method is valuable in models of multiple sclerosis, optic neuritis, glaucoma, optic nerve crush injury, and other neurodegenerative or neuroinflammatory conditions where RGC loss serves as a robust endpoint1,9–11,35,46–48. Also, given that RGCs are highly sensitive to inflammatory and metabolic stress49,50, this protocol provides a scalable and reproducible platform for evaluating neuronal injury, synaptic pathology, disease progression, and candidate neuroprotective interventions in preclinical studies.

In summary, the whole-mount RGC quantification approach described here provides a robust, reproducible, and anatomically comprehensive method for assessing neurodegeneration in models of inflammatory and degenerative CNS disease. By preserving the native retinal architecture while enabling high-resolution immunolabeling and whole-tissue imaging, this protocol overcomes key limitations of section-based sampling strategies, including regional undersampling and stereological bias. When combined with validated RGC markers such as Brn3a and RBPMS and supported by automated or semi-automated image analysis pipelines, this method yields highly sensitive and spatially resolved measures of neuronal loss across the entire retina. Given the strong association between optic nerve inflammation, retinal neurodegeneration, and disability in multiple sclerosis and experimental autoimmune encephalomyelitis, this approach provides a critical experimental platform for linking immune-mediated pathology to neuronal outcome measures. Altogether, this protocol enables standardized cross-study comparisons and facilitates the evaluation of neuroprotective and disease-modifying therapies targeting inflammation-driven neurodegeneration in vivo.
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