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Summary

Background—Intestinal epithelial stem cells are critical to epithelial repair following 

gastrointestinal injury. The culture of intestinal stem cells has quickly become a cornerstone of a 

vast number of new research endeavours that range from determining tissue viability to testing 

drug efficacy for humans. This study aims to describe the methods of equine stem cell culture and 

highlights the future benefits of these techniques for the advancement of equine medicine.

Objectives—To describe the isolation and culture of small intestinal stem cells into three-

dimensional (3D) enteroids in horses without clinical gastrointestinal abnormalities.

Study design—Descriptive study.

Methods—Intestinal samples were collected by sharp dissection immediately after euthanasia. 

Intestinal crypts containing intestinal stem cells were dissociated from the underlying tissue layers, 

plated in a 3D matrix and supplemented with growth factors. After several days, resultant 3D 

enteroids were prepared for immunofluorescent imaging and polymerase chain reaction (PCR) 

analysis to detect and characterise specific cell types present. Intestinal crypts were cryopreserved 

immediately following collection and viability assessed.

Results—Intestinal crypts were successfully cultured and matured into 3D enteroids containing a 

lumen and budding structures. Immunofluorescence and PCR were used to confirm the existence 

of stem cells and all post-mitotic, mature cell types, described to exist in the horse intestinal 

epithelium. Previously frozen crypts were successfully cultured following a freeze-thaw cycle.
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Main limitations—Tissues were all derived from normal horses. Application of this technique 

for the study of specific disease was not performed at this time.

Conclusions—The successful culture of equine intestinal crypts into 3D “mini-guts” allows for 

ex vivo studies of the equine intestine. Additionally, these results have relevance to future 

development of novel therapies that harness the regenerative potential of equine intestine in horses 

with gastrointestinal disease (colic).
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Introduction

Colic remains a major cause of morbidity and death in horses. Previous reports concluded 

that colic seconds old age as the leading cause of death in horses [1]. Death of these patients 

often results from breakdown of the intestinal mucosal barrier. This barrier is lined by a 

single layer of columnar cells, responsible for transporting nutrients, protecting the 

underlying tissues and self-renewal [2]. The small intestinal epithelium is composed of villi 

that extend into the lumen and are lined by differentiated, post-mitotic cell types, and the 

crypts of Lieberkühn that contain undifferentiated stem cells interspersed with Paneth cells 

and partially-differentiated transit amplifying cells [3]. Current literature proposes two 

populations of intestinal stem cells that co-exist in the crypt base including (1) active crypt 

base columnar cells and (2) reserve/quiescent stem cells that are activated upon injury and 

preferentially reside at a position four cells above the crypt base [4,5]. The intestinal stem 

cells are responsible for creating a new epithelial mucosal lining every 5–7 days and only 

differentiate into cells of intestinal epithelial lineage, unlike mesenchymal stem cells that 

can give rise to multiple tissue types [4,6].

Recent discoveries in the field of stem cell biology have demonstrated the growth potential 

and differentiation of stem cells in culture from murine, porcine and human intestinal 

epithelium [7,8,9]. These culture systems have been used as models of tissue 

morphogenesis, stem cell lineage selection, tissue plasticity and bidirectional signaling of 

stem cells and their niche [10]. Studies utilising these cultures to determine the impact of 

injury and regenerative response of stem cells remain limited. Understanding stem cell 

dynamics as well as inter- and intra- cellular interactions is critical in order to harness the 

regenerative potential of these resident stem cells as novel therapeutic targets to improve 

outcome in cases of severe colic [11,12,13].

At this time, limited work has been done in the field of equine intestinal stem cell culture 

[14,15]. The capacity of intestinal stem cells to contribute to mucosal repair make them a 

key target for researchers.

The objective of the study reported here was to describe the isolation, culture and 

differentiation of intestinal crypts into 3D enteroids from horses without clinical 

gastrointestinal abnormalities. Our aim was to successfully grow enteroids in culture and 

identify and distinguish stem cells, partially differentiated cells, and postmitotic epithelial 
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cells by means of histologic evaluation, immunofluorescence and polymerase chain reaction 

(PCR).

Materials and Methods

Animals and Sample Collection

Tissues were obtained from 5 healthy horses of various breeds (3 geldings, 2 mares) that 

were euthanised for reasons unrelated to this study. Horses ranged from 5–14 years of age. 

Immediately following euthanasia, several 20 cm sections of mid-jejunum were removed 

through a celiotomy incision and immediately processed as described.

Crypt Isolation, Enteroid Culture and Analysis

The excised jejunum was washed in cold phosphate buffered saline solution (PBS) and 

opened longitudinally. The intestine was sectioned into smaller squares measuring 1–2 cm in 

diameter. The layers of the intestine were not separated prior to incubation. Several small 

pieces of tissue were incubated for 30 min in a 50 ml-conical tube with PBS containing 30 

mM Ethylenediaminetetraacetic acid (EDTA), 10 mM Y-27632a and 1 mM DTTb. The 

conical tube, in addition to vigorous shaking every 5 min, was kept on ice and on an orbital 

shaking platform moving at 60 rpm. Tissue pieces were transferred into a 37˚C pre-warmed 

PBS solution containing 30 mM EDTA and 10 mM Y-27632. The tissue was incubated in 

this solution at 37˚C for 10 min and shaken vigorously to help mobilise the crypt/villi units. 

Following this incubation, the tissues were placed in an ice-cold PBS wash containing 1X 

antibiotic-antimycoticc for 5 min. Tissue was then transferred into additional washes and 

shaken until crypt/villi units were seen with minimal background debris. Following the final 

wash, the remnant intestine was removed from the solution and the solution filtered using a 

100-micron sterile cell strainerd to remove the villi. A desired crypt yield of approximately 

50 crypts/50 μL was determined by examining several 50 μL aliquots at 10X. The crypts 

were then pelleted in preparation of plating.

The pelleted crypts were re-suspended directly into growth factor reduced Matrigele 

supplemented with 100 ng/mL recombinant human Nogginf, 500 ng/mL recombinant human 

R-Sponding, 50 ng/mL recombinant human EGFc, 100 ng/mL recombinant human Wnt3ag, 

10 mM Y-27632, 10 mM SB202190b, 500 nM LY2157299a and 2.5 μM glycogen synthase 

kinase 3 inhibitor (GSK3i, CHIR99021). Between 25–50 crypts were plated in 50 μL of 

matrigel on a 24 well plated. After allowing the matrix to polymerise for 30 min at 37˚C, 

each well was overlaid with 500 mL of Advanced DMEM/F12 containing the supplements 

1X N-2 supplementc, 1X B-27 supplement minus vitamin Ac, 1X Glutamaxc, 100 mg/mL 

penicillin/streptomycin and 1 mM Hepes bufferc. Growth factors were added to the media 

aSelleck Chemicals, Houston, Texas, USA.
bSigma-Aldrich, St. Louis, Missouri, USA.
cLife Technologies Corporation, Carlsbad, California, USA.
dCorning Incorporated, Corning, New York, USA.
eBD Bioscience, San Jose, California, USA.
fPeproTech, Rocky Hill, New Jersey, USA.
gR&D Systems Inc, Minneapolis, Minnesota, USA.
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48 h after plating and subsequent 48 h intervals. The entire volume of media was changed 96 

h following plating and every subsequent 96 h interval.

Enteroid plating efficiency was calculated by counting the number of enterospheres or 

enteroids formed every 24 hours divided by the starting number of crypts plated in each 

matrigel matrix.

Subculture technique

Passage of enteroids was attempted once the enteroids demonstrated significant budding and 

growth between 7–10 days post plating. To passage enteroids, the matrigel matrix was first 

depolymerised nonenzymatically following a PBS rinse in cell recovery solutiond on ice for 

30 min. The resultant enteroids and recovery solution were collected and centrifuged at 200–

300 G for 5 min. The supernatant was removed, the pellet resuspended in PBS, passed 

through a 27-gauge needleh and spun down at 200–300 G for 5 min. The pellet was then 

resuspended in Matrigel and plated as above.

Cryo-preservation of Equine Crypts

To assess freezing as an option for long-term storage, freshly isolated equine jejunal crypts 

were suspended in 1 ml freeze- preservation medium consisting of 10% dimethylsulfoxide in 

1X DMEM/F12 culture medium with no growth factors and were frozen slowly over 12–18 

hours using a cryo freezing containeri placed in a −80˚C freezer. This method is designed to 

achieve a rate of cooling close to −1°C/minute, the optimal rate for cell preservation. 

Following removal from the −80˚C freezer, the tubes were stored in liquid nitrogen. To thaw, 

cryopreservation tubes were obtained from liquid nitrogen storage and warmed in a 37˚C 

water bath. The tubes were centrifuged to pellet the crypts at 200–300 G for 5 minutes. The 

freezing media was removed and the crypt pellet was resuspended in cooled matrigel and 

plated as above on a 24 well plate.

Enteroid Immunofluorescence Analyses

Fixed sections—Crypts were plated onto a polystyrene plate with transwell insertd and 

removed from the incubator at 7 days of development. Enteroids were fixed overnight in 

formalin. The transwell filter and matrigel plug were removed from the plate insert, covered 

in agarose, embedded in paraffin and sectioned (~5–8 μm thickness). Deparaffinisation was 

performed using a modified protocol with xylene, ethanol and peroxidase. Heat induced 

epitope retrieval was performed when necessary by heating in reveal decloaker solutionj to 

120°C for 30 s and then 90°C for 10 s inside a pressure cookerk. Slides were allowed to cool 

to room temperature for 20 min prior to staining. Enteroids were permeabilised in a 0.3% 

Triton X-100 PBS solution for 20 min and then blocked in protein block solutionk for 30 

min. Primary antibodies labeling individual cell types were applied at concentrations 

previously published [16], and incubated overnight at 4°C. Additional primary antibodies 

included anti-Lysozyme and anti-Ki67 for Paneth cells and proliferating cell populations, 

hBD, Franklin Lakes, New Jersey, USA.
iThermo Fischer Scientific, Waltham, Massachusetts, USA.
jBiocare Medical, Concord, California, USA.
kDako, Agilent Technologies, Santa Clara, California, USA.
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respectively. All secondary staining was performed with Cy3, Alexa488 and Alexa 647 

conjugated antibodies diluted 1:500 in antibody diluentk incubated at room temperature for 

45 min. Nuclei were marked with bisbenzamide Hoechst 33258 nuclear stainb diluted 

1:1000 in PBS and applied for 5 min at room temperature.

Background staining was negligible as determined by nonspecific IgG staining. Images were 

captured on an inverted fluorescence microscopel fitted with a monochrome digital cameram 

and colour cameran. The objective lenses used were X10, X20 and X40 with numerical 

apertures of 0.3, 0.45 and 0.6, respectively.

Whole Mount Staining—After culturing, the enteroids were removed from the incubator 

at 5–7 days of development. The enteroids were whole mounted and stained using a 

modified protocol from StemCell Technologiesp. Briefly, the stem cell media was gently 

aspirated. Following a wash in room temperature PBS, enteroids were fixed in the Matrigel 

using room temperature 4% paraformaldehyde (PFA). Following two washes in PBS, 0.1% 

Triton X-100 was applied. The enteroids were blocked using 5% BSA. Primary antibody 

was added and left overnight at 4°C. Dilutions for functional antibodies were increased 

compared to those previously published and are provided (Table 1). All secondary staining 

was performed with Cy3 and Alexa488 conjugated antibodiesi diluted 1:250 in antibody 

diluent incubated for 45 minutes at approximately 21°C. Mounts were counterstained with 

bisbenzamide Hoechst 33258b nuclear stain (diluted 1:500 in PBS solution).

PCR—The jejunal mucosa was physically separated from seromuscular layers by scraping 

with a glass slide and was placed in RNAse free microcentrifuge tubes and immediately 

placed in liquid nitrogen. Enteroids grown in matrigel were collected using Cell Recovery 

solution. Enteroids were collected into an RNAse free microtube and placed in liquid 

nitrogen. Jejunal scrapings and enteroids were then stored at −80°C until use. Total RNA 

from jejunal tissue and enteroids was extracted using the Qiagen RNeasy Minikitq. Yield 

and quality of the extracts were determined by measuring absorbance at 260 and 280 nmr. 

The ratio of absorbance at 260:280 was between 2.02 and 2.09. 1 μg of RNA was converted 

to cDNA using the iScript cDNA synthesis kits and pooled. The cycle conditions were 5 min 

at 25°C, cDNA synthesis at 42°C for 30 min, denaturation at 85°C for 5 min and held at 

4°C. Primers were designed based on published sequences of horse target genes either 

manually or using the National Center for Biotechnology Information (NCBI) online primer 

design toolt. Specific target sequences, cell type and expected product sizes are provided 

(Table 2). The specificity of the primers was checked using the NCBI online Blast toolv. RT-

PCR was performed utilising the iTaq Universal SYBR green Supermixs. The StepOnePlus 

real time PCR systemc was used. Cycle parameters included polymerase activation and 

lOlympus IX83, Tokyo, Japan.
mORCA-flash 4.0, Hamamatsu, Japan.
nDP26, Olympus, Tokyo, Japan.
pStemCell Technologies, Vancouver, British Columbia, Canada.
qQiagen Inc, Valencia, California, USA.
rNanodrop, Thermo Scientific, Wilmington, Delaware, USA.
sBio-Rad, Hercules, California, USA.
tPrimerBlast, NCBI, Bethesda, Maryland, USA.
vMacvector Inc., Apex, North Carolina, USA.
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DNA denaturation at 95°C for 30 s. Forty cycles of amplification were performed with a 15 

s denaturation at 95°C and annealing/extension and plate read for 60 s at 60°C. The melting 

curve analysis was performed at 65°C –95°C at 0.5°C increments, 5 s per step. Melting 

curves were checked to ensure consistent amplification of a single PCR product. Primer 

efficiency was calculated using the equation, Efficiency = 10^ (−1/slope) –1. Only primers 

with greater than 92% efficiency were considered acceptable. All primers were first 

validated using cDNA derived from normal equine jejunal samples.

Target Validation by Sequencing—RT-PCR amplicons were analysed on a 1.5% 

Agarose TE gel to assess size. Samples were sequencedu and the sequences were aligned to 

the gene target using the NCBI online Blast toolt and MacVector alignment programv for 

validation.

Results

In vitro culture of equine crypts

Using a modified 3D culture environment similar to the culture conditions that support 

growth of porcine and mouse enteroids [7,9,17], within 24 hours of plating, equine crypts 

isolated from jejunal tissue formed enterospheres, a spherical structure with a clearly defined 

basement membrane and lumen and with an average diameter of 97.85 ± 18.43 μm (Fig 1A 

and B). Following two days of culture these structures began to bud. These structures persist, 

enlarge and by day 3 begin to convert into enteroids, more complex three dimensional 

structures with a clearly defined lumen, columnar epithelial cells and primitive crypt buds, 

and measure an average of 199.3 ± 49.68 μm in diameter (Fig 1C). Within 5 days, enteroids 

appear as large complex structures with multiple well defined crypt buds and an average 

diameter of 340.1 ± 122.2 μm (Fig 1D; Supplementary Item 1). Mean plating efficiency was 

59.08 ± 25.07% (Supplementary Item 2).

Subculture of equine crypts

Enteroids were successfully passaged using a 27-gauge needle, replated and formed large 

budding structures by culture day 5. However, despite effectively disrupting and re-plating 

the enteroids into single cells and small buds, expansion of the original population was 

minimal. A modification of the technique was therefore attempted without passage through a 

needle. Following centrifugation and removal of the cell recovery solution, the pellet was 

alternatively resuspended aggressively in the matrigel prior to re-plating. This modification 

resulted in an effective expansion of the original cell population with larger spheroid 

structures and budding noted in addition to small, single spheroids.

Cryo-preservation of equine crypts

Equine crypts that were frozen in liquid nitrogen for a range of 3 weeks to 4 months were 

successfully thawed and cultured as above in enteroid medium. Accurate enteroid counts 

were difficult to obtain as many of the plated crypts were fragmented at the time of plating 

resulting in increased background debris. Enterosphere formation was delayed 24–48 hours 

uGENEWIZ, South Plainfield, New Jersey, USA.
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after a freeze-thaw cycle compared with untreated control crypt cultures but large budding 

enteroid structures were observed by culture day 7 (not shown).

Detection of intestinal stem cells, cellular proliferation and specific epithelial cell types by 
immunofluorescence

Assessment of cellular proliferation is essential for monitoring normal regenerative 

responses as well as those following injury. The protein Ki67 is a cellular marker for 

proliferation and is present in all stages of the cell cycle except rest (G0) [18]. Within the 

enteroids, intestinal stem cells and a sub-population of transit amplifying cells were 

identified using antibodies against sex-determining region Y-box 9 (SOX9) [19,20] and 

KI67, respectively (Fig 2). Cells positive for both SOX9 and KI67 were found 

(colocalisation) indicating cells in a state of active proliferation or early stages of 

differentiation. Immunostaining for homeobox protein (HOPX), a marker for reserve stem 

cell populations in other species [9,21] was not detected. Additionally, antibodies for the 

stem cell biomarkers leucine-rich repeats and immunoglobulin-like domains 1 (LRIG1) [22] 

and leucine-rich repeat-containing G-protein coupled receptor 5 (LGR5) [23] did not cross 

react with the equine proteins and were not detected (data not shown).

Epithelial cells and post-mitotic cell types were also identified through immunofluorescent 

antibody staining. The baso-lateral borders of all epithelial cells were positive for β-catenin 

expression (Fig 3B). Epithelial cell adhesion molecule (EpCAM), a pan-epithelial 

transmembrane protein [24], demonstrated expression along the membrane of epithelial cells 

(Fig 3A). Secretory enteroendocrine cells were identified by immunofluorescence labeling 

of chromogranin A (CgA) [25] within the cytoplasm of a small number of cells distributed 

throughout the enteroid sections (Fig 4A). Expression of cytoplasmic mucin (MUC2) [26] 

was detected within goblet cells and the lumen of the developing enteroid (Fig 4B) and 

positive immunostaining for lysozyme (Lyz) was observed, indicating the presence of Paneth 

cells [27] (Fig 4C).

Detection of specific epithelial cell types by PCR

PCR confirmed the expression of intestinal stem cell target genes SOX9, HOPX, LRIG and 

LGR5, and post-mitotic cell target genes CGA, sucrase isomaltase (SIM, a biomarker of 

absorptive enterocytes) [28], LYZ and MUC2 within 7-day enteroids (sequences provided in 

Table 2).

Discussion

In the present study, intestinal crypts containing intestinal stem cells from subjectively 

normal horse jejunum were successfully cultured, developing into mature, 3D enteroids 

containing post-mitotic cell types. This is the first report describing the development of 

equine crypts into complex intestinal “mini-guts” containing stem cells and differentiated, 

post-mitotic cell types. Mini-gut enteroids or organoids recapitulate the intestinal epithelium 

seen in vivo with a central lumen and outwardly budding crypt-like structures [29]. A 

preliminary abstract described successful isolation and plating of equine crypts from small 

intestine and large colon [14], while recent work confirmed successful growth of equine 
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enteroids from the ileum [15]. Unlike these prior studies, we were able to demonstrate the 

successful development and maturation of isolated crypts into 3D enteroids along with the 

cellular characterisation, maintenance, and frozen storage of these cultures.

The results of this study confirmed the existence of intestinal stem cells, partially-

differentiated transit-amplifying cells, and post-mitotic cell types within developing 

enteroids. In normal intestine, intestinal stem cells are localised to the crypt base and 

differentiate as they move towards the intestinal lumen resulting in progressive loss of SOX9 

expression. This was appreciated by immunofluorescent co-localisation results that 

demonstrated the co-localisation of a general marker of cellular proliferation (Ki67) with 

SOX9 indicating a cell type of minimal to no differentiation whereas Ki67 staining alone 

indicates a cell type that is proliferating but has lost its stemness. Several approaches to 

identify equine epithelial cell types were pursued because of the innate advantages and 

disadvantages of each technique. Similar to other studies, antibody-based assays alone failed 

to positively identify all intestinal epithelial cell types [9,16]. The antibodies that were used 

were commercially derived and raised against proteins in species other than horses. Many 

cellular biomarkers were conserved between species, as indicated by cross-reactivity of 

several antibodies with equine proteins in this study. A previous study helped to establish the 

existence and normal distribution of cell types within the equine small and large intestinal 

mucosa and the reagents and tools currently available [16]. Successful amplification of 

known gene cellular biomarkers was further used to characterise and confirm the existence 

of all known cell types that exist in the equine intestinal epithelium.

The methods described in this paper provide the foundation for future equine in vitro studies 

focusing on the gastrointestinal tract. Limited work has been performed utilising these 

techniques in veterinary patients. Successful intestinal organoid growth has been 

demonstrated in pigs [9,17] and dogs [15,30,31]. There are many benefits to ex vivo 

intestinal organoid culture in the research setting. These organoids may serve as a model for 

stem cell behaviour and biology, and can be used as a screening tool to investigate the effects 

of different drugs, hormones and pathogenic organisms on normal and diseased patient 

samples [5,32]. Furthermore, the lumen of intestinal organoids is intact, which allows for 

microinjection and the study of pathogen-epithelial cell interaction [33,34]. Our study was 

limited in that we did not investigate the functional capacity of the cultured enteroids. 

Functional assays including the study of tight junction proteins and measurement of 

transport function, have been described in other species. Future work should focus on these 

techniques in equine intestinal stem cell culture [35,36,37].

As techniques become more advanced and our understanding of these mini-gut cultures 

continues to grow, the potential remains for the utilisation of these cells in tissue healing and 

tissue transplantation. In research conditions, colonic organoids were successfully engrafted 

into superficially damaged mouse colon following transplant [38]. More recently, human 

intestinal organoids were successfully transplanted and matured in the kidney capsule of a 

mouse [39]. Transplanted tissues demonstrated digestive function and responded to 

circulating humoral factors following ileocecal resection. Three-dimensional organoid 

cultures have also been successfully grown from a variety of other tissues in the mouse and 

human including the stomach, liver, pancreas [29] and brain [40]. These advances in the 
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field of stem cell biology demonstrate the range of techniques that can be performed and the 

future potential of these culture systems to develop novel therapeutic interventions. To date, 

none of these advances have been investigated in an equine culture model. However, the 

translational techniques demonstrated in other species will aid in the advancement of equine 

3D cell culture. This study provides the first major step toward utilising this technology to 

advance the field specific to equine medicine as well as provides the foundation for using the 

horse as a model to study stem-cell driven intestinal regeneration.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1. 
In vitro culture of equine crypts. The in vitro isolation, growth and maintenance of enteroids 

derived from equine intestinal crypts are shown. On day of collection (Day 0, panel A), 

crypts maintain their morphological appearance. Enterospheres first develop (Day 1, panel 

B) and progressively enlarge to form complex structures with a pseudolumen and crypt like 

structures (Day 3, panel C; Day 5, panel D). Scale Bar 100 μm.
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Fig 2. 
Markers to identify proliferating cell populations. Identification of intestinal stem and transit 

amplifying cells in equine enteroids are shown. Immunostaining for SOX9 (red, panel A and 

C), a transcription factor that is primarily expressed in active intestinal stem cells and transit-

amplifying progenitor cells is localised to the nuclei of cells along the primitive enteroid 

buds. Colocalisation with a general marker of proliferation (Ki67+, green, panel B and C) is 

also seen. Digital magnification demonstrating colocalisation (yellow) of SOX9 (red) and 

Ki67 (green) is provided. Nuclei, blue (panel D). Insert scale bar 20 μm.
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Fig 3. 
Detection of epithelial cells. Immunostaining for EpCAM, a pan-epithelial transmembrane 

protein marker is seen within the centre of an equine enteroid that was whole mounted 

(panel A). Immunostaining for β-catenin, a membrane-bound protein, is evident on the 

cellular border of a sectioned enteroid (panel B). Nuclei, blue. Scale bar 20 μm.
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Fig 4. 
Markers to identify cell lineages within in vitro cultures. The existence of differentiated, 

post-mitotic cell lineages was confirmed using biomarkers for identification: anti-CgA 

(enteroendocrine, panel A), anti-MUC2 (goblet, panel B) and anti-lysozyme (paneth, panel 

C) antibodies. All specific markers shown in red. Digital magnification of each image 

provided in the insert. Nuclei, blue. Scale bar 20 μm unless noted.
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Table 1

Functional Antibodies Used

Cell Type Antibody Fixation Dilution

Epithelial EpCAM WM 1:250

B-catenin

Proliferative cell Mouse anti-human Ki67 WM 1:100

PE 1:250

Intestinal epithelial stem cell Rabbit anti-human SOX9 WM 1:500

PE 1:1000

Enteroendocrine cell Rabbit anti-porcine chromogranin A WM 1:500

PE 1:1000

Goblet cell Rabbit anti-human MUC2 PE 1:1000

Paneth cell Rabbit anti-human lysozyme PE 1:500

PE = Paraffin embedded; WM = Whole mount
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Table 2

PCR Primer Sequences.

Target Forward (5′-3′) Reverse (5′-3′) Product Size (bp)

Active Stem Cell

SOX9 AACAAGCCTCACGTCAAGCG TCCGCCTCCTCCACGAAA 176

LGR5 AGCCTGGTGGTTCTGCATCT AACGCTTTCTCGGGGATCAG 200

Reserve Stem Cell

HOPX AGTGGCGGCGGTCGGAA ACAGTGGCACATACAACACT 167

LRIG GGCTGACACAACTGGACCTC TGGTGCCCGAAATGTCGTTA 477

Epithelial Cell

EPCAM TGACCACAAACTGCTCTGTGA AGCCCGTCGTTATTCTGGAT 180

Absorptive Enterocytes

SIM GCAATACTGGGGGAAGCAGT CAGATCCAGCAAAAGTTGACC 137

Goblet Cell

MUC2 AGGACCTGAAGAAGTGCGTC AGTTGAGAATCTTTCCTTCCTC 165

Enteroendocrine Cell

CGA CTGCGAGGAGATGAACGGAT AGAACCTCTGCGAGTTCGTC 143

Paneth cells

LYZ CCTGGTCAGCCTAGAGGTCT TGGCCAAACAGACCCAGTTT 186

Proliferating cells

PCNA CATGGACTCGTCCCACGTC CTTCAGCCCTTAGGGTAATG 164

Housekeeping Gene

B-ACTIN CTGTGGCATCCACGAAACTA GACAATGAGGCCAGAATGGA 237
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