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SHORT ABSTRACT:
The protocol presents a complete validated TNBS-induced murine model of Crohn's disease and methods for visualization of estrogen receptors by immunohistochemistry using immunofluorescence of formalin-fixed colon sections embedded in paraffin.

LONG ABSTRACT:
Crohn's disease is the most diagnosed type of inflammatory bowel disease. Chronic inflammation developing in the intestine leads to peristalsis disorder and damage of intestinal mucosa and seems to be associated with an increased risk of colon neoplastic transformation. Accumulating evidence indicates that estrogens and estrogen receptors affect not only hormone-sensitive tissues, but also other tissues not directly related to estrogens, such as the lungs or colon. Here, we describe the protocol for the successful immunofluorescence staining of estrogen receptors in colon obtained from a murine model of TNBS-induced Crohn's disease. A detailed protocol for the induction of Crohn's disease in mice and intestine preparation is provided as well as a step-by-step immunohistochemical procedure using formalin-fixed paraffin-embedded intestine sections. The described methods are not only useful for estrogen receptor detection and estrogen signaling investigation in vivo but can also be applied to for other proteins which may be involved in the development of colitis in mice.

INTRODUCTION:
Crohn's disease (CD) is an inflammatory bowel disease (IBD) manifested as chronic intestine inflammation. The etiology of CD is poorly understood, but there are a few major factors that appear to be responsible for CD development, including intestinal microbiota, and genetic and environmental factors, such as diet or stress1. For a better understanding of the pathogenesis of Crohn's disease, several models of intestinal inflammation have been used2,3,4,5,6,7. In this article, we present results obtained from a 2, 4, 6-trinitrobenzene sulfonic acid (TNBS)-induced murine model of CD.

It has been documented that estrogens are capable of modulating chronic intestinal inflammation8,9,10,11,12. The biological activity of estrogens is mediated by cognate receptors, among which are nuclear estrogen receptors (ERs), i.e., ER&#945; (gene ESR1) and ER&#946; (gene ESR2), as well as G protein-coupled estrogen receptor, i.e., GPER (gene GPER1), referred to as membrane-bound ER13,14. There are several methods for determining the level of estrogen receptors, but only a few can be used to visualize them in the intestine.

Immunohistochemistry (IHC) is a widely used method in clinical and basic studies for the detection of certain antigens in cells or tissues with fluorochrome-conjugated antibodies. IHC seems to be an important method in tissue structure visualization, as well as in the identification and localization of specific proteins, which may be crucial for understanding the development of colitis. Here, we present a complete and validated protocol for immunohistochemical visualization of estrogen receptors in the intestine using immunofluorescence.

PROTOCOL:
Animal studies were conducted with the consent of the Local Ethical Committee (28/ŁB29/2016) in accordance with Directive 2010/63/EU of the European Parliament and of the Council of September 22, 2010, and institutional recommendations.

1. TNBS-induced murine model of Crohn's disease

NOTE: This protocol uses male BALB/C mice weighing 25–28 g. Animals are housed at a constant temperature (22–24 &#176;C) and, relative humidity 55 &plusmn; 5%, and maintained in a 12 h light/dark cycle with free access to standard chow pellets and tap water ad libitum.

1.1. Place the mouse into the induction chamber and close the lid tightly. Anesthetize the mouse briefly with isoflurane (25% O2 with O2 flow rate at 1.5–2 L/min).

NOTE: Respiratory rate should remain rhythmic and slower than normal and should not change in response to a noxious stimulus.

1.2. Instill 4 mg of TNBS in 0.1 mL of 30% ethanol in 0.9% NaCl or 0.1 mL of 30% ethanol in 0.9% NaCl as a vehicle control into the distal colon through a catheter.

NOTE: The catheter should be carefully introduced approximately 3 cm into the anus. 

1.3. Monitor the mouse daily from day two to eight for clinical parameters including body weight, rectal bleeding, stool consistency and mortality.

1.4. On day eight, euthanize the mouse by cervical dislocation.

[Place Figure 1 here]

2. Separation and macroscopic evaluation of colon

NOTE: One day before colon separation, dilute 100 &#181;L of antibiotic in 1 mL of phosphate buffer saline (PBS) and leave at 4 &#176;C overnight. 

2.1. Clean the skin over the abdomen using 75% ethanol and sterile gauze. 

2.2. Cut the abdominal wall from breastbone to anus using sterile scissors and tweezers.

2.3. Cut off the colon as close as possible to the anus and cecum.

2.4. Place the colon on the Petri dish. Cut the colon along from the anus into the cecum end. Clean and wash the colon 2–4 times in cold antibiotic-PBS solution.

2.5. Perform macroscopic evaluation according to Table 1 using a caliper.

[Place Table 1 here]

NOTE: Tissue adhesion* and erythema/hemorrhage#, fecal blood# and diarrhea# are subject to visual assessment. *Tissue adhesion evaluate using a three-point scale (0: colon without tissue adhesion, 1: colon with moderate tissue adhesion, 2: colon with extensive tissue adhesion); #based on absence (0) or presence (1) of erythema/hemorrhage, fecal blood and diarrhea. 

2.6. Convert the length of the ulcer in centimeters to a point scale, i.e., every 0.5 cm of ulcer is counted as 0.5 point. Convert the thickness of the colon in millimeters to a point scale, i.e., every n mm corresponds to n points. 

2.7. Convert the length of the colon in centimeters on a three-point scale. The length of colon obtained from each mouse with Crohn's disease is evaluated in relation to the average colon length for the control group (0: &lt;10% shorter than the control, 1: from 10 to 20% shorter than the control, 2: over 20% shorter then the control). 

2.8. Calculate the total macroscopic score according to the equation: Total macroscopic score = adhesion (points) + erythema/hemorrhage (points) + fecal blood (points) + diarrhea (points) + length of ulcer (points) + colon thickness (points) + colon length (points).

3. Colon sample preparation

3.1. Cut the colon into 1–2 cm fragments and place each on sponge in an appropriately labeled histological cassette.

NOTE: Sponges for histological cassettes prevent colon folding during dehydration and incubation in liquid paraffin.

3.2. Place the colon fragment in 4% formaldehyde and incubate for at least 24 h at 4 &#176;C.

3.3. Prepare and program the tissue processor for 1 h of incubation in 50%, 70%, 90%, 95%, 100% ethanol, xylene/100% ethanol (1:1; v/v), and xylene only, as well as for at least 3 h of incubation in liquid paraffin. 

NOTE: Dehydration must be performed in increasing concentrations of ethanol and xylene, but the concentration of ethanol can be modified. The xylene/ethanol mixture is recommended but not required.

3.4. Transfer the colon fragment to a histological box and place in the pre-programmed tissue processor.

3.5. Run the tissue processor.

3.6. After incubation steps, place the colon fragment in a metal mold so that the two ends of the colon are in an upright position and fill one third of the mold with liquid paraffin.

3.7. Place the mold in the cooling area (-5 &#176;C) for a few seconds, and then move the mold to the warming area (70 &#176;C). Place in the bottom part of the histological box and cover the entire colon fragment with liquid paraffin.

3.8. Leave the metal mold with the colon fragment in paraffin for a few minutes in the cooling area. Remove the metal mold from the paraffin block and incubate for at least 24 h at 4 &#176;C.

3.9. Remove excess paraffin from the block and insert it into a fully automated rotary microtome.

NOTE: The paraffin block may be stored at -20 &#176;C for a few minutes before this step.

3.10. Cut the colon fragment into 5 &#181;m sections.

3.11. Transfer the colon section to a water bath preheated to 40 &#176;C. 

3.12. Use the labeled glass slide to remove the colon section from the water bath. 

NOTE: The colon sections float on the water. Put the labeled glass slide in the water under the colon section and withdraw the glass slide carefully. 

3.13. Leave the glass slide for 24 h at room temperature. For long term storage, keep the glass slide at 4 &#176;C after 24 h of incubation at room temperature.

4. Immunohistochemistry with immunofluorescence staining 

NOTE: Do not allow the colon section to dry at any step during the procedure. 

4.1. Remove paraffin by incubating the glass slide in xylene for 5 min. Repeat this step three times. 

4.2. Place the glass slide in xylene/100% ethanol (1:1; v/v) for 5 min. Repeat this step three times.

4.3. Rehydrate the colon section in a series of decreasing ethanol concentrations, i.e., 70%, 50%, 30% and 10% ethanol for 5 min. Repeat each step three times.

4.4. Rinse the glass slide under running water for 5 min. 

4.5. Preheat antigen retrieval buffer (10 mM sodium citrate; 0.05% Tween 20, pH 6.0) to 95–98 &#176;C and heat the glass slide in boiling antigen retrieval solution for 10 min.

NOTE: The antigen retrieval step is optional but recommended. The unmasking solution should be optimized depending on the antibody used in the experiment. 

4.6. Draw a circle around the colon section using a hydrophobic pen.

NOTE: This step is optional but recommended. The hydrophobic pen prevents waste of reagents by keeping the liquid pooled in a small volume inside marked the circle. 

4.7. Incubate the section in 3% water solution of hydrogen peroxidase for 10 min.

4.8. Wash in washing solution (50 mM Tris-HCl, pH 7.4; 150 mM NaCl; 0.05% Tween 20) for 5 min.

4.9. Incubate in blocking solution (5% normal goat serum; 50 mM Tris-HCl, pH 7.4; 150 mM NaCl; 0.05% Triton X-100) for 1 h at room temperature.

NOTE: In the blocking solution, the normal serum must be from the same species as the secondary antibody. In stages where incubation is required, place the glass slide in a humidity chamber to prevent excessive evaporation. 

4.10. Remove the blocking solution and add 20–50 &#181;L of primary antibody against ER&#945;, ER&#946; or GPER diluted in 1% bovine serum albumin with 50 mM Tris-HCl, pH 7.4, 150 mM NaCl, 0.05% Triton X-100. 

NOTE: Recommended dilutions of primary antibodies are shown in Table 2.

[Place Table 2 here]

4.11. Incubate with primary antibody overnight at 4 &#176;C in darkness.

4.12. Remove the antibody solution and wash in washing solution (50 mM Tris-HCl, pH 7.4; 150 mM NaCl; 0.05% Tween 20) for 5 min. Repeat this step three times.

4.13. Add 20–50 &#181;L of DyLight 650 secondary antibody diluted in 1% bovine serum albumin (containing 50 mM Tris-HCl, pH 7.4, 150 mM NaCl, 0.05% Triton X-100). Incubate with secondary antibody conjugated with dye for 1 h at room temperature in darkness.

NOTE: The recommended dilution of the secondary antibody is shown in Table 2. 

4.14. Remove the antibody solution and wash in washing solution (50 mM Tris-HCl, pH 7.4, 150 mM NaCl, 0.05% Tween 20) for 5 min. Repeat this step three times.

4.15. Add 2% DiOC6(3) diluted in 50 mM Tris-HCl, pH 7.4, 150 mM NaCl and incubate for 10 min at room temperature in darkness.

4.16. Remove the solution and wash in washing solution (50 mM Tris-HCl, pH 7.4, 150 mM NaCl, 0.05% Tween 20) for 5 min. Repeat this step three times.

4.17. Add a few drops of glycerol-based liquid with DAPI directly on the colon section and cover carefully with a cover slide. Incubate the colon section for least 24 h at 4 &#176;C.

NOTE: Avoid air bubbles when covering the tissue with the cover slide.

4.18. Analyze the colon section under confocal microscope featuring 20x or 63x objectives and oil immersion using dedicated software. 

NOTE: Table 3 lists characteristics of the fluorochromes used in this study.

[Place Table 3 here]

REPRESENTATIVE RESULTS:
Macroscopic characteristics of colons in mice with TNBS-induced Crohn's disease
Representative images of colons taken from control and TNBS-treated mice are shown in Figure 2. In mice with a TNBS-induced model of Crohn's disease, the length of the colon is reduced while the width of the colon is increased.

[Place Figure 2 here]

The evaluated macroscopic parameters are given in Table 1. Administration of TNBS to mice leads to an increase in the total colonic macroscopic score (Figure 3A) and inflammation length (Figure 3B) relative to the control mice.

[Place Figure 3 here]

Estrogen receptor antibody validation
Validation of the specificity of the estrogen receptor antibodies used in the study was performed using MCF-7 cells. MCF-7 cells were chosen based on previous studies wherein several independent researchers found that estrogen receptors are present at the mRNA and protein levels. As shown in Figure 4, the antibodies used in the study allow the detection of both nuclear estrogen receptors, i.e., ER&#945; (Figure 4A) and ER&#946; (Figure 4B), as well as the membrane-bound estrogen receptor, i.e., GPER (Figure 4C) in MCF-7 cells. Nuclear estrogen receptors are localized in the cytoplasm and nuclei, and the signal from GPER staining is only present in the cytoplasm of MCF-7 cells.

[Place Figure 4 here]

In addition to the positive control, a negative control was also performed, in which only the secondary antibody was used. Figure 5 shows an image of MCF-7 cells stained only with secondary antibody conjugated with fluorochrome and glycerol-based liquid with DAPI.

[Place Figure 5 here]

Estrogen receptor localization in the TNBS-induced murine model of Crohn's disease
A strong cytoplasmic signal of ER&#945; was found in the colon section obtained from control mice and mice with TNBS-induced Crohn's disease (Figure 6A). However, it appears that only in the intestine obtained from control mice had ER&#945; localized in the goblet cell cytoplasm. Confocal microscopy also revealed cytoplasmic localization of ER&#946; in the colon section of both control and TNBS-treated mice (Figure 6B). Similarly, cytoplasmic localization of GPER was documented in the colon section obtained from control mice and TNBS-treated mice (Figure 6C).
 
[Place Figure 6 here]

Figure 1: Timeline for TNBS-induced murine model of Crohn's disease.

Figure 2: Representative colon obtained from the control mice (control) and TNBS-treated mice (TNBS).

Figure 3: Total macroscopic score of the colon (A) and total colonic inflammation length (B) in control mice (control) and TNBS-treated mice (TNBS). Ten mice per group. Statistical analysis was performed using One-Way ANOVA followed by Newman-Keuls post-hoc test. Data are presented as means &plusmn; SEM; ***p &lt; 0.001 TNBS vs. control.

Figure 4: Representative images of immunofluorescence staining of ER&#945; (A), ER&#946; (B) and GPER (C) in the MCF-7 cells. Detailed description at the top of the images. Scale bars: 10 &#181;m.

Figure 5: Representative images of immunofluorescence staining of DyLight 650 in the MCF-7 cells. Additional description is available above each image. Scale bars: 20 &#181;m.

Figure 6: Representative images of immunofluorescence staining of ER&#945; (A), ER&#946; (B) and GPER (C) in the colon section obtained from control mice (control) and TNBS-treated mice (TNBS). Additional description is available above each image. Scale bars: 50 &#181;m; zoom scale bars: 25 &#181;m.

Table 1: Macroscopic scoring of the intestine of mice with TNBS-induced model of Crohn's disease.

Table 2: Characteristics of antibodies.

Table 3: Characteristics of fluorochromes.

DISCUSSION:
There are numerous animal models for IBD pathophysiology examination, including genetic, immunological or spontaneous models, as well as chemically induced models15. Among the several types of animal models of colitis, chemically induced models such as the TNBS-induced model described in this protocol, are relatively inexpensive and easy to obtain. The TNBS-induced murine model of colitis has several clinical symptoms related to the pathological basis of CD. Animals with induced colitis are characterized by inconsistent stool formation, bloody diarrhea and loss of body weight. However, this does not mean that this model can be used to study CD etiopathogenesis exclusively. The TNBS-induced model is recommended and commonly used, for instance, for potential therapeutic screening. In the case of chemically induced colitis some critical points need to be highlighted. The TNBS has to be diluted in ethanol, which disturbs the mucosal barrier and allows TNBS to penetrate through the intestine wall and interact with high molecular weight proteins, leading to a cellular mediated immune response2,16,17. Both the TNBS dose and ethanol concentration should be optimized for the mouse strain and weight. Too high a TNBS dose and ethanol concentration may cause excessive mortality, which prevents further analysis. On the other hand, too low a TNBS dose and ethanol concentration may cause poor response and unnecessarily prolong the experiment.

The intestine obtained from mice with TNBS-induced colitis can be examined not only at the macroscopic level, as described in this protocol, but may also be used for biochemical and molecular analysis. One useful approach for studying both expression and localization is an immunohistochemical technique with the use of immunofluorescence. However, some critical steps must be included in the preparation and implementation of IHC for formalin-fixed paraffin-embedded murine colon sections. The first pivotal step, i.e., preparation of the colon determines the quality of the results. The fixation time, which depends on the tissue thickness has to be optimized. Another crucial stage is dehydration, which should be performed gently by multiple incubations in increasing concentrations of ethanol. Finally, the correct positioning of the colon in the mold is essential to generate the correct cross-sections. Tissue preparation is not the only important issue in immunohistochemistry. Although antigen retrieval is an optional step, in formalin-fixed paraffin-embedded sections it appears to be necessary. During fixation with formaldehyde, methylene bridges between proteins are generated and protein crosslinking masks antigen sites18. There are two principal methods, based on heat- or enzymatic-induced (trypsin, pepsin or proteinase K) antigen retrieval. Heat-induced antigen retrieval, carried out in sodium citrate buffer, ethylenediaminetetraacetic acid (EDTA) buffer or Tris-EDTA buffer, is more widely used because it does not affect cell morphology. The type of antigen uptake and the conditions should be adjusted experimentally. It should be noted that sometimes the antigen retrieval method is determined by the antibody used in the experiments. Permeabilization is a condition dependent on the examined antigen, and is required especially for intracellular proteins. There are several approaches that use solvents (acetone or methanol) and harsh (Triton X-100 or NP-40) as well as mild (Tween 20 or saponin) detergents. In the present protocol two detergents, were used simultaneously, i.e., Triton X-100 and Tween 20 depending on the step. It should be emphasized that permeabilization has to be optimized depending on the antibody used. Blocking of non-specific binding sites is particularly important during immunohistochemical analysis. The blocking solutions include normal serum, bovine serum albumin or even ready-to-use blocking solutions. The present protocol recommends the use of both normal serum and bovine serum albumin. As already mentioned in the protocol, the blocking solution should contain normal serum from the same species as the secondary antibody.

Finally, IHC detection by immunofluorescence as described in this protocol can be extended to staining other proteins in protein-protein interaction studies. When looking for colocalization of selected proteins, certain conditions must be fulfilled. Fluorochromes should be selected based on excitation and emission spectra. This step is crucial to eliminate spectral overlaps and must be perform at the planning stage of the experiment. In this protocol three fluorochromes, i.e., DyLight 650 secondary antibody, DAPI and DiOC6(3) are used. As shown in Table 3, DyLight 650 used for estrogen receptor detection is observed as a red dye with 654 nm excitation and emission at 660–680 nm. To stain cell nuclei and the internal membrane, DyLight 650 is used along with DAPI nuclear marker and DiOC6 (3) membrane marker. DAPI is observed as a blue dye with 405 nm excitation and emission at 460–480 nm. In turn, DiOC6(3) is observed as a green dye with 485 nm excitation and emission at 538–595 nm. Staining of the next protein should be performed after step 4.14., beginning with the blocking step (see step 4.9.). For two proteins, it is recommended to use staining antibodies from different species. This approach makes it possible to exclude binding of the dye-conjugated secondary antibody to the previously stained protein.
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