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PROTOCOL OVERVIEW:  20 

The central nervous system (CNS) relies on glial cells, including astrocytes and microglia, to 21 

maintain homeostasis and support neuronal activity. Microglia are the resident immune cells of 22 

the CNS. Microglia comprise approximately 10% of all cells in the CNS, with regional differences1. 23 

They originate from the yolk sac, regulate neurogenesis, support neuronal survival, and take part 24 

in synaptic pruning during early development2,3. Astrocytes are multi-functional, star-shaped glia 25 

that regulate the blood-brain barrier, cerebral blood flow, neurotransmitter cycling, extracellular 26 

fluid homeostasis, neuronal metabolism, and synaptic functions4–6. The percentage of astrocytes 27 

in the human brain ranges from 17% to 61 %, depending on the region7. Astrocytes and microglia 28 

are key regulators of innate immunity in the CNS. Astrocytes and microglia can also present 29 

antigens and regulate the production of various cytokines and chemokines8. By regulating 30 

immunity, microglia and astrocytes play a crucial role in various neuroinflammatory diseases, 31 

including brain cancer9. Thus, studying innate immune signaling in astrocytes and microglia is 32 

necessary to understand the physiology of various CNS diseases.  33 

 34 

This protocol presents a method for assessing the cellular localization of innate immune proteins 35 

in astrocytes and microglia in paraformaldehyde-fixed, paraffin-embedded human brain tissue 36 

sections. Here, we demonstrate the cellular localization of the innate immune protein NLRX1 in 37 

microglia and astrocytes (Figure 1). NLRX1 is an NLR (Nucleotide-binding domain, Leucine-rich 38 

repeat containing protein) family member, regulating diverse aspects of innate immune 39 

signaling10. A major strength of this protocol is its ability to simultaneously visualize NLRX1 and 40 

cell-specific markers within the native tissue architecture, enabling assessment of spatial 41 

distribution and cellular localization11. The protocol is compatible with both paraffin-embedded 42 

and cryopreserved tissue sections following appropriate optimization of antigen retrieval and 43 

staining conditions12,13. Furthermore, the approach can be adapted to investigate the 44 
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colocalization of NLRX1 with other cellular markers. The protocol is most useful for studies 45 

examining neuroinflammation, innate immune signaling, mitochondrial biology, and glial cell 46 

responses in neurological disorders12–14. It is particularly suitable when cell-type-specific 47 

localization of NLRX1 within brain tissue is of interest. 48 

 49 

ETHICS DISCLAIMER:  50 

The paraffin-embedded paraformaldehyde-fixed glioma (grade 2, Astrocytoma) and normal brain 51 

tissue were obtained with approval from the Internal Review Board and the Ethics Committees 52 

of AIIMS, Jodhpur, and Tata Memorial Cancer Hospitals. Informed consent was acquired for the 53 

use of tissue samples for experiments from human participants. All experiments were performed 54 

in accordance with the ethical guidelines and regulations of All India Institute of Medical Sciences, 55 

Jodhpur, and Indian Institute of Technology Jodhpur.  56 

 57 

PROTOCOL: 58 

The reagents and the equipment used are listed in the Table of Materials. 59 

 60 

1. Procedure for fluorescent colocalized staining of NLRX1 and microglia 61 

 62 

1.1 Preparation 63 

 64 

1.1.1 Ethanol: Prepare 90% and 75% ethanol in 1x-PBS (200 mL) and store at room temperature 65 

(RT).  66 

 67 

1.1.2 Permeabilization buffer: Prepare permeabilization buffer by adding 20 μL of 0.1% Triton 68 

X-100 to 1x-PBS (20 mL) and store at RT.  69 

 70 

1.1.3 RCA (Ricinus Communis Agglutin) solutions: Prepare RCA dilution (1:500) in 71 

permeabilization buffer. Prepare freshly for each experiment. 72 

 73 

1.1.4 Blocking buffer: To make a blocking buffer, add 5% Fetal Bovine Serum (FBS, 0.5 mL) to 74 

the permeabilization buffer (10 mL) and store at 4 °C. Prepare freshly for each experiment. 75 

 76 

1.1.5 Primary antibody dilutions: Prepare anti-NLRX1 rabbit primary antibody dilution (1:1000) 77 

in blocking buffer. Prepare freshly for each experiment. 78 

 79 

1.1.6 Secondary antibody dilutions: Prepare anti-rabbit fluorophore-conjugated secondary 80 

antibody (λexcitation 594 nm) dilutions (1:1000) in blocking buffer. Prepare freshly for each 81 

experiment. 82 

 83 

1.2 Staining 84 

 85 

1.2.1 Wash the tissue sections twice with Xylene for 20 min. 86 

 87 



NOTE: Paraformaldehyde-fixed paraffin-embedded glioma (Astrocytoma, grade II) and normal 88 

brain tissue sections (5 μm thickness) were used for the staining protocol. Normal tissue sections 89 

were taken from different parts of the central nervous system, including the corpus callosum, 90 

ventricular section, and sensory cortex.  91 

 92 

CAUTION: Xylene is harmful upon direct contact with skin or eyes and long-term exposure.  93 

 94 

1.2.2 For rehydration of tissue sections, wash them with a series of decreasing ethanol 95 

concentrations. Start the tissue section washing with 100% ethanol (2x), followed by 90% (2x), 96 

and 75% ethanol (2x). Each wash lasts 8 min. 97 

 98 

1.2.3 Rinse the tissue sections thrice for 5 min each in 1x-PBS (~500 μL). 99 

 100 

1.2.4 Wipe the PBS around the tissue sections using lint-free tissue paper.   101 

 102 

1.2.5 Mark around the tissue section using a hydrophobic marker or wax pencil and add a few 103 

drops of 1x-PBS to prevent the tissue sections from drying. 104 

 105 

1.2.6 Aspirate PBS from the tissue sections using a pipette. Immerse the tissue section in a 106 

permeabilization buffer (~500 μL) and incubate for 15 min at room temperature (RT). 107 

 108 

1.2.7 Immerse the tissue sections in RCA solution (~500 μL) and incubate at 37 °C for 1 h.  109 

 110 

1.2.8 Take out the RCA solution and rinse the tissue sections thrice for 5 min each in 1x-PBS 111 

(~500 μL). 112 

 113 

1.2.9 Add blocking buffer (~500 μL) to the tissue and incubate at 4 °C for 1 h and 30 min in a 114 

humidified chamber (prepared by lining a closed container with moistened tissue paper). 115 

 116 

NOTE: Blocking incubation can be changed depending on the type of tissue section and/or the 117 

background noise associated with antibody incubation. 118 

 119 

1.2.10 Aspirate blocking buffer from the tissue section. Immerse the tissue sections in primary 120 

antibody solution (~500 μL) and incubate for 13–15 h at 4 °C in a humidified chamber.  121 

 122 

NOTE: Primary antibody incubation can vary depending on the type of antibody and tissue used 123 

for the experiment. Do not add the primary antibody to the tissue section for primary antibody 124 

control. Add the blocking buffer instead. 125 

 126 

1.2.11 Take out the primary antibody solution and rinse the tissue sections thrice for 5 min each 127 

in 1x-PBS (~500 μL). 128 

 129 

1.2.12 Immerse the tissue sections in secondary antibody solution (~500 μL) and incubate for 1 130 

h at 37 °C in a humidified chamber. 131 



 132 

NOTE: Add secondary antibody in the primary antibody control tissue, too. 133 

 134 

1.2.13 Take out the secondary antibody solution and rinse the tissue sections thrice for 5 min 135 

each in 1x-PBS (~500 μL). 136 

 137 

1.2.14 Remove excess PBS using lint-free wipes. Add mounting media (~40 μL) to the tissue 138 

sections and place a clean coverslip at the top of the tissue section. Leave the slides at RT for 1 h 139 

and store them at 4 °C. 140 

 141 

NOTE: Do not let the slide dry before mounting; otherwise, it will cause salt deposition, resulting 142 

in an elevated background autofluorescence signal. To prevent tissue dehydration, keep the 143 

tissue sections soaked in a small amount of 1× PBS. 144 

 145 

1.2.15 Image the tissue sections using an automated multimode microplate reader with 146 

integrated cellular imaging equipped with a 40x objective.  147 

 148 

NOTE: DAPI, Alexa Fluor 488, Alexa Fluor 594, and MitoTracker Green signals were captured using 149 

the corresponding fluorescence filter cubes. Exposure times were optimized to avoid signal 150 

saturation and were maintained consistently across all samples within an experiment. Images 151 

were acquired under identical illumination and acquisition settings for comparative analyses. The 152 

negative control should show little to no signal relative to the experimental sample, indicating 153 

that the observed staining is specific and not due to non-specific antibody binding or background 154 

fluorescence. 155 

 156 

2. Procedure for fluorescent colocalized staining of NLRX1 and astrocytes 157 

 158 

2.1 Preparation 159 

 160 

2.1.1 Ethanol: Prepare 90% and 75% ethanol in 1x-PBS (200 mL) and store at RT. 161 

 162 

2.1.2 Permeabilization buffer: Prepare permeabilization buffer by adding 20 μL of 0.1% Triton X-163 

100 to 1x-PBS (20 mL) and store at RT. 164 

 165 

2.1.3 Blocking buffer: To make a blocking buffer, add 5% FBS (Fetal Bovine Serum, 0.5 mL) to the 166 

permeabilization buffer (10 mL) and store at 4 °C. It should be freshly prepared for each 167 

experiment. 168 

 169 

2.1.4 Primary antibody solution: Prepare primary antibody solution by mixing anti-NLRX1 rabbit 170 

primary antibody (1:1000) and anti-GFAP mouse primary antibody (1:1000) in a blocking buffer. 171 

It should be freshly prepared for each experiment. 172 

 173 

2.1.5 Secondary antibody solution: Prepare secondary antibody solution by mixing anti-rabbit 174 

fluorophore-conjugated secondary antibody (λexcitation 488 nm) (1:1000) and anti-mouse 175 



fluorophore-conjugated secondary antibody (λexcitation 594 nm) (1:1000) in blocking buffer. It 176 

should be freshly prepared for each experiment. 177 

 178 

2.2 Staining 179 

 180 

2.2.1. Repeat steps 1.2.1 to 1.2.6. 181 

 182 

2.2.2. Take out the permeabilization buffer and add a blocking buffer (~500 μL) to the tissue. 183 

Incubate the tissue sections with a blocking buffer at 4 °C for 1 h and 30 min in a humidified 184 

chamber. 185 

 186 

2.2.3. Aspirate blocking buffer from the tissue section. Immerse the tissue sections in primary 187 

antibody solution (~500 μL) and incubate for 13–15 h at 4 °C in a humidified chamber.  188 

 189 

2.2.4. Remove the primary antibody solution and rinse the tissue sections thrice for 5 min each 190 

in 1x-PBS (~500 μL). 191 

 192 

2.2.5. Cover the tissue sections with secondary antibody (~500 μL) solution and place them at 37 193 

°C for 1 h in a dark condition in a humidified chamber. 194 

 195 

2.2.6. Take out the Secondary antibody solution and rinse the tissue sections thrice for 5 min 196 

each in 1x-PBS (~500 μL). 197 

 198 

2.2.7. Remove excess PBS using lint-free wipes. Add Mounting media (40 μL) to the tissue section, 199 

then place a clean coverslip at the top. Leave the slides at RT for 1 h and then store them at 4 °C. 200 

 201 

REPRESENTATIVE RESULTS: 202 

Paraffin-embedded paraformaldehyde-fixed glioma and normal brain tissue sections (5-µm 203 

thickness) were stained for colocalized staining of NLRX1 with microglia and astrocytes15 (Table 204 

1). Microglia were stained using RCA lectin, astrocytes were stained using antibodies specific to 205 

astrocyte marker GFAP, and NLRX1 was labeled using an NLRX1-specific antibody. In the 206 

colocalized staining of NLRX1 with microglia, red puncta represent NLRX1 as it was stained with 207 

a red fluorophore-conjugated secondary antibody, and cells with green puncta represent 208 

microglia as RCA fluoresces in a green channel (Figure 2A). Upon overlapping the images from 209 

green and channels, a yellow signal appears, indicating colocalization of RCA and NLRX1 staining 210 

and confirming the presence of NLRX1 in microglia. In the colocalized staining of astrocyte (GFAP) 211 

and NLRX1, green puncta represent NLRX1, and red puncta represent GFAP, as they were stained 212 

with green and red fluorophore-conjugated secondary antibodies, respectively (Figure 3A). An 213 

overlay of the images from both channels results in a yellow signal confirming the colocalization 214 

of GFAP staining (red) and NLRX1 staining (green). Thus, leading to the conclusion of the cellular 215 

localization of NLRX1 in astrocytes. Immunopositive NLRX1-expressing astrocytes and microglia 216 

with an observable DAPI-stained nucleus were counted blindly twice. Cell counts are averages of 217 

at least seven fields (Figure 2B and Figure 3B).    218 

 219 

Highlight



Brain tissue sections without anti-NLRX1 and anti-GFAP primary antibody treatment were taken 220 

as the negative control for the NLRX1 and GFAP-specific primary antibodies. Isotype antibody 221 

controls may be included as needed. 222 

 223 

FIGURES AND TABLES: 224 

 225 
Figure 1 226 

 227 

 228 
 229 

Figure 2 230 

 231 



 232 
 233 

Figure 3 234 

 235 

Sample type Experimental use Disease status 
 

Glioma sample 
Colocalized staining of 
NLRX1 with Microglia 

Astrocytoma   

(WHO grade II glioma)  

Glioma sample 
Colocalized staining of 
NLRX1 with Astrocytes 

Astrocytoma  

(WHO grade II glioma)  

Normal brain 
(Sensory Cortex) 

Colocalized staining of 
NLRX1 with Microglia 

Normal 
 

 
Normal brain Colocalized staining of 

NLRX1 with Astrocytes 
Normal 

 

(Corpus Callosum)  

Normal brain 
Anti-NLRX1 antibody control Normal 

 

(Ventricular section)  

Normal brain Anti-NLRX1 and anti-GFAP 
antibody control 

Normal 
 

(Corpus Callosum)  

 236 

Table 1 237 

 238 

FIGURE AND TABLE LEGENDS: 239 

 240 

Figure 1: Flowchart of the staining protocol. Paraffin-embedded paraformaldehyde-fixed tissue 241 

sections were washed with xylene and rehydrated with ethanol. For microglia and NLRX1 242 

staining, after PBS wash, tissue sections were permeabilized and stained with RCA. After RCA 243 

incubation, tissue sections were blocked and then treated with a primary antibody specific for 244 

NLRX1. For astrocyte and NLRX1 staining, after tissue permeabilization, tissue sections were 245 

blocked and then treated with a primary antibody specific for GFAP and NLRX1. After primary 246 

antibody incubation, a secondary antibody was added. The tissue sections were mounted using 247 

mounting media containing DAPI and imaged using a fluorescence microscope. 248 

 249 



Figure 2: Cellular localization of innate immune protein NLRX1 in microglia of patient-derived 250 

normal brain and glioma tissue sections. (A) Paraffin-embedded paraformaldehyde-fixed glioma 251 

and normal brain tissue sections (5 μm thickness) were obtained from AIIMS Jodhpur. Through 252 

immunohistochemistry, nuclei were stained with DAPI (blue), microglia were stained with RCA 253 

(green), and NLRX1 (red) was stained by NLRX1-specific immunolabelling. The scale bar is 100 254 

μm. Images of the top panel are taken from the normal brain tissue section, and images of the 255 

bottom panel are taken from the glioma tissue section. Images were captured using a 40x 256 

objective lens. (B) The expression of NLRX1 is quantified across the microglia of normal and 257 

glioma tissue sections by having unbiased readers, who were blinded to the sample identities, 258 

manually count the NLRX1-expressing microglia. Data are represented as mean ± SEM. Error bars 259 

indicated SEM. ***p < 0.005 (Student's t-test). This figure has been modified from Meena et al.15. 260 

 261 

Figure 3: Cellular localization of innate immune protein NLRX1 in astrocytes of patient-derived 262 

normal brain and glioma tissue sections. (A) Paraffin-embedded paraformaldehyde-fixed glioma 263 

and normal brain tissue sections (5 μm thickness) were obtained from AIIMS Jodhpur. Through 264 

immunohistochemistry, nuclei were stained with DAPI (blue), astrocytes were stained with GFAP-265 

specific immunolabelling (red), and NLRX1 was stained with NLRX1-specific immunolabelling 266 

(green). The scale bar is 100 μm. Images of the top panel are taken from the normal brain tissue 267 

section, and images of the bottom panel are taken from the glioma tissue section. Images were 268 

captured from a 40X objective lens. (B) The expression of NLRX1 is quantified across the 269 

astrocytes of normal and glioma tissue sections by having unbiased readers, who were blinded 270 

to the sample identities, manually count the NLRX1-expressing microglia, astrocytes, and 271 

macrophages. Data are represented as mean ± SEM. Error bars indicated SEM. ***p < 0.005 272 

(Student's t-test). This figure has been modified from Meena et al.15. 273 

 274 

Table 1: Details of Patient-derived paraffin-embedded tissue samples. 275 

 276 

DISCUSSION: 277 

This protocol presents a method for performing immunofluorescence microscopy to assess the 278 

localization of the immune protein NLRX1 in microglia and astrocytes in paraffin-embedded 279 

tissue sections5. For staining microglia, RCA (Ricinus communis agglutinin) or antibodies such as 280 

IBA-1 and TMEM119 may be used6,17. RCA is a lectin that binds to β-D-galactose residues and 281 

labels microglia. One advantage of using RCA instead of antibodies is that it stains microglia 282 

quickly (in an hour; conversely, antibodies may require overnight incubation18). However, the 283 

limitation of the RCA stain is that it can also stain endothelial cells. Several well-known and widely 284 

available astrocyte markers are expressed as membrane, intracellular, or secreted factors 285 

proteins19. Among them are structural proteins, membrane channels and transporters, 286 

transcription factors, and energy metabolism markers. One of the most abundantly reported 287 

astrocyte markers is GFAP (Glial Fibrillary Acidic Protein). GFAP is an intermediate filament type 288 

III protein found on astrocytes and present in different isoforms (α, γ, δ/ε, and κ in the human 289 

brain, β additionally in rodents). GFAP supports the BBB structure mechanically. For GFAP 290 

staining, a GFAP-specific primary antibody is required.   291 

 292 



The protocol starts with xylene washes of tissue sections, which are necessary to remove paraffin, 293 

as xylene dissolves it. It is important to perform a xylene wash for an optimized duration, as 294 

prolonged exposure may damage cellular structures and lead to excessive dehydration. 295 

Conversely, an improper or too-short xylene wash can lead to incomplete paraffin removal or 296 

poor tissue clearing20. After paraffin removal, tissue sections were washed with a decreasing 297 

ethanol grade, followed by PBS to rehydrate the tissues, as xylene dehydrates them. The tissues 298 

were permeabilized using Triton X-100, a detergent that compromises the cell membrane. This 299 

allows blocking buffers, dyes, and antibodies from entering the cells. For colocalization of 300 

microglia and NLRX1, microglia were first stained with RCA, followed by staining for NLRX1 with 301 

an NLRX1-specific primary antibody. After RCA staining, blocking is required for the specific 302 

staining of NLRX1. Thus, before primary antibody treatment, tissue sections were incubated in a 303 

blocking buffer containing serum proteins that bind and block antigenic sites on the cells. This 304 

aims to improve the specificity of primary binding.  305 

 306 

Furthermore, to assess colocalization of astrocytes and NLRX1, GFAP- and NLRX1-specific primary 307 

antibodies were used. After primary antibody incubation, PBS washes were given to remove the 308 

unbound antibodies. Next, a secondary antibody conjugated with a fluorophore and specific to 309 

the primary antibody was added to the cells. The secondary antibody binds to the primary 310 

antibody and, upon excitation, fluoresces. PBS wash was performed to reduce the risk of non-311 

specific binding of secondary antibodies. After that, cells were mounted in mounting media 312 

containing DAPI. Mounting helps protect the sample for a longer period, and DAPI stains the cell 313 

nuclei. The imaging of these stained tissue sections was performed using a multimode plate 314 

reader (Fluorescence microscope). Images were captured in four filters, including Brightfield, 315 

DAPI, GFP, and Texas Red, to capture the different fluorescence emitted from the fluorophore-316 

conjugated NLRX1, astrocytes, and microglia. At least 7 frames were imaged per sample. To 317 

quantify colocalization of signals, immunopositive NLRX1-expressing astrocytes and microglia 318 

were counted twice, in a blinded manner.  319 

 320 

TABLE OF MATERIALS: 321 

 322 

Name of Material/ Equipment Company Catalog Number 

10x-PBS Himedia ML023-500ML 

Alexa Fluor 488 nm anti-rabbit 
antibody 

Invitrogen A11008 

Alexa Fluor 594 nm anti-mouse 
antibody 

Invitrogen A11005 

Alexa Fluor 594 nm anti-rabbit 
antibody 

Life Technologies A11012 

Anti-GFAP Primary Antibody Cell-signaling technology 3670S 

Anti-NLRX1 Primary Antibody Novus Biologicals NBP1-76287 

Ethanol     

FBS Cell Clone CCS-500-SA-U 



Fluorescein Ricinus Communis 
Agglutin 

Vector laboratories FL-1081 

Fluorescence Microscope BioTek    

Fluoroshield TM with DAPI Sigma F6057-20ML 

ImmEdge Pen Vector laboratories H-4000 

Kim Wipes     

Microscopic Coverglass Blue Star   

Triton-X-100 Sigma 1001723790 

Xylene Fisher Scientific 35417 

 323 
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Astrocytoma 

(WHO grade II glioma)

Astrocytoma

(WHO grade II glioma)

Normal brain

(Corpus Callosum)

Normal brain

(Ventricular section)

Normal brain

(Corpus Callosum)

Glioma sample
Colocalized staining of NLRX1 

with Astrocytes

Sample type Experimental use Disease status

Glioma sample
Colocalized staining of NLRX1 

with Microglia

Anti-NLRX1 and anti-GFAP 

antibody control
Normal

Normal brain (Sensory 

Cortex)

Colocalized staining of NLRX1 

with Microglia
Normal

Colocalized staining of NLRX1 

with Astrocytes
Normal

Anti-NLRX1 antibody control Normal
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Name of Material/ Equipment Company

10x-PBS Himedia

Alexa Fluor 488 nm anti-rabbit antibody Invitrogen

Alexa Fluor 594 nm anti-mouse 

antibody
Invitrogen

Alexa Fluor 594 nm anti-rabbit antibody Life Technologies

Anti-GFAP Primary Antibody Cell-signaling technology

Anti-NLRX1 Primary Antibody Novus Biologicals

Ethanol

FBS Cell Clone

Fluorescein Ricinus Communis Agglutin Vector laboratories

Fluorescence Microscope BioTek 

Fluoroshield TM with DAPI Sigma

ImmEdge Pen Vector laboratories

Kim Wipes

Microscopic Coverglass Blue Star

Triton-X-100 Sigma

Xylene Fisher Scientific

Table of Materials Click here to access/download;Figure;72433_R1_Table of
Materials.xlsx

https://www2.cloud.editorialmanager.com/jove/download.aspx?id=2397025&guid=8d943673-4292-4be7-aa3f-25f196720610&scheme=1
https://www2.cloud.editorialmanager.com/jove/download.aspx?id=2397025&guid=8d943673-4292-4be7-aa3f-25f196720610&scheme=1


Catalog Number

ML023-500ML

A11008

A11005

A11012

3670S

NBP1-76287

CCS-500-SA-U

FL-1081

F6057-20ML

H-4000

1001723790

35417


