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Abstract
In dogs, a parasite burden is evident throughout the gastrointestinal tract but not is observed pathological
alterations. Our aim was isolating lamina propria cells from dogs infected with leishmaniasis to further
investigate if the parasite in the gut is correlated with the pathogenesis of the visceral infection. The
biopsies were obtained of dogs and incubated with collagenase II. In the cells suspension was added
antibodies against super�cial and intracellular markers. Few studies of the markers used in this work
have been done in the lamina propria cells in leishmaniasis. It is of great importance to determine
markers in this tissue especially those who are described as being involved with the persistence of
Leishmania infection within cells due to the fact that the infection in the gut does not induce lesions.
Furthermore, work is ongoing in terms of investigating other segments of the GIT, a systematic study,
from dogs with Leishmania A pdf of the full version of this protocol can be found
"here":http://www.nature.com/protocolexchange/system/uploads/2040/original/Full_protocol_-
_protex.2011.273.pdf?1323950759

Introduction
The quanti�cation of mucosal immune cells is critical for understanding transmission and the control of
infectious diseases. Two of the most common approaches used to study mucosal specimens are �ow
cytometry and histology. Flow cytometry is a powerful tool that can be used to characterize isolated
mucosal immune cells phenotypically and to determine the relative abundance of speci�c cell types.
Histological techniques are preferred for determining the anatomical locations of cell populations _in
situ_1. Flow cytometry analysis of the cell population of the lamina propria of colonic mucosa provides
information pertaining to immune cells that are not easily identi�able in tissue sections. The colonic
tissue is obtained by biopsy, taken at the time of a colonoscopy, the minimal invasive technique currently
available2. Weigmann3 described an elegant and detailed protocol to isolate murine lamina propria
mononuclear cells from colonic tissue. Here, we have presented a method for isolating canine
gastrointestinal tract \(GIT) lamina propria cells. We have standardized a method using samples of colon
where we de�ned how to obtain by colonoscopy, measuring the weight before the enzymatic assays. In
contrast to murine protocolos3, our results were successfully done after using collagenase type II instead
collagen type I. In addition our protocol did not included DNase I and dispase II. Canine visceral
leishmaniasis \(CVL) is a common infectious zoonotic disease caused by the protozoan intracellular
obligate parasite Leishmania infantum \(_syn L. chagasi_)4. Leishmania migrates to the viscera and
establishes infections in the liver, spleen, bone marrow, lymph nodes, skin and GIT5-7. In terms of GIT
involvement in CVL a severe chronic in�ammatory process where in�ammatory cells extended to the
crypts, between the bases of the crypts and into the muscular mucosa has been described8,6. Chronic
colitis is a clinical characteristic of CVL, where the appearance of the colonic mucosa is comparable to
that observed in cases of idiopathic chronic colitis. Colonic histopathology of such cases revealed a
diversity of in�ammatory cells including macrophages, lymphocytes, plasma cells and neutrophils,
predominantly located in the lamina propria9-11, and cells of the lamina propria in colonic tissue can
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induce and in�uence immunological responses. Analyzing the role of these cells in various disease states
requires viable canine intestinal mucosal lymphoid mononuclear cells to be isolated for further
investigations3. Thus, the aims of this study were to present a method for isolating canine GIT lamina
propria cells and to investigate the phenotype of these cells in non-infected dogs and naturally infected
ones with _Leishmania infantum_.

Reagents
•Phosphate buffered saline \(PBS – NaCl; KH2PO4; Na2HPO4 and distilled water). •HBSS. •Incomplete and
complete \(fetal calf serum) medium Roswell Park Memorial Institute \(RPMI). •HEPES sodium salt,
minimum 99.5% titration, SIGMA-ALDRICH®. •Collagenase II. •Saponina \(Sigma #S-7900). •BSA \(bovine
serum albumin). •Azida 2mM. REAGENT SETUP •Wash Solution \(Ca2+, Mg2+-free Hank’s buffered salt
solution – HBSS \(KCl, KH2PO4, NaHCO3, NaCl, Na2HPO4, D-Glucose, Phenol Red, HEPES and fetal calf

serum)). •Predigestion solution HBSS containing 1 mM DL-dithiothreitol \(DTT® - SIGMA-ALDRICH®) \!
CAUTION DTT can affect the skin. •Digestion solution collagenase II obtained from Clostridium
histolyticum Type II, 906 units/MG CAS 9001-12-1, C6885-500mg, 078K8621; PBS-W \(0.15M, 8g/L of
NaCl, 2g/L of KCl, 2g/L of KH2PO4 and 1.15g/L of Na2HPO4, pH 7.2 with 0.5% bovine serum albumin,
Inlab^®, and 0.1% Na3N). •Antibody dilution solution 50% of PBS-W and 50% of PBS 10%. •PBS-W PBS
1x, 0,5% BSA and 2mM azida. •Permeabilization buffer Saponina \(Sigma S-7900) 10% and PBS-W.

Equipment
•Scissors •Forceps •Petri dishes •1,5; 2,0; 15 and 50mL tubes •Thermal incubator \(Shaker) •Cell culture
centrifuge \(Thermo Scienti�c multifuge X3R) •Pasteur pipette •FACSVantage®, Becton-Dickinson, San
Diego, CA, USA) •Clamp for colonoscopy

Procedure
1. Remove the colon punch biopsies to isolate lamina propria cells; Wash the entire length of colon
thoroughly with incomplete medium \(RPMI) in a Petri dish to remove fecal waste. Transfer the
fragments to another Petri dish containing 10mL of complete medium, incubated in ice. 2. CRITICAL
STEP For e�cient isolation of the cells it is necessary to remove the fat from small fragments of colonic
tissue using forceps and surgical scissors. 3. Place the samples in a Petri dish and shaken with slow
agitation \(100rpm) for 10 min. Remove the supernatant with a Pasteur pipette and discarded. This
process is repeated six times. 4. Transfer the fragments of tissue to a small culture bottle containing
10mL incubation solution \(DTT), and shaker for 30 min \(120rpm) at 37ºC. The incubation solution can
be discarded and the process repeated for a further 30 min. 5. Add 10mL wash solution \(HBSS/HEPES)
and shaker for 10 min \(120rpm) at 37ºC to wash the DTT from the tissue fragments. 6. CRITICAL STEP
This process is essential to remove the collagen from the colon tissue. 7. After this step, in the bottle
containing the tissue fragments, add 10mL collagenase solution and shake gently \(120rpm) in the
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shaker for 45 min at 37ºC. 8. Remove the collagenase solution supernatant after 45 min, transfer to a
Falcon® 15mL tube. Centrifuged the supernatant \(1400rpm) for 10min at 4ºC, resuspend in 0.5µL
complete medium and store on ice. All these steps must be repeated four times. 9. Place the cells in a
single Falcon® 15mL tube and add 9mL of distilled water to lyse erythrocytes; ten seconds later add 1mL
of PBS to neutralize this action. After centrifuging at 1400rpm for 10 min at 4ºC, the pellet is resuspended
in 0.5µL complete medium. 10. Analyze the number of cells in a 10µL sample using a Neubauer camera
and the solution should be calibrated to 1x107 cells/mL. The cells can be blocked with leishmaniasis
negative dog serum and kept for a minimum of 20 minutes on ice. 11. Utilize the vital dye Trypan Blue \
(0.4% \(wt/vol) in HBSS) to verify cell viability. The reactivity of Trypan Blue is based on the fact that it
does not interact with cells unless the membrane is damaged. All cells that exclude Trypan Blue are
viable. 12. Dilute the antibodies for super�cial markers with ADS, and the intracellular markers in
permeabilization buffer. 13. Plate the cell suspensions \(20µL) on 96-well U-bottom plates \(Limbro
Biomedicals® 175, Aurora, OH, USA) at a concentration of 1x10^7 cells/mL with antibodies to cell surface
\(Table 1). 14. Refrigerate the plate for 15 min, and after this time 150µL of cold PBS, add to each well
and centrifuge \(1300rpm) at 4ºC for 10min. The supernatant is removed from the wells and 200µL of 2%
formaldehyde is added to �x the cells. 15. Transfer the contents of the wells to FACS \(Fluorescence
Activated Cell Sorting) tubes and store in the refrigerator in the dark. 16. Remove the supernatant for
intracellular marking \(Table 2), add 150µL of PBS-W, and centrifuge the samples at 1300rpm at 4ºC for
10 min; remove the supernatant again. Add the permeabilization buffer \(150µL); slowly mix the samples
manually and kept for 10 min at ambient temperature. Centrifuge the plate for a further 10 min \
(1300rpm at 4ºC) and remove the supernatant. 17. Add the intracellular antibodies including the isotypes
and incubate for 40 min at room temperature. Add permeabilization buffer \(150µL), centrifuge the
samples and remove the supernatant. This process can be repeated once. 18. Resuspend the cells in
150µL PBS-W, centrifuge and remove the supernatant; add 200µL of 2% formaldehyde and transfer the
content of the wells to FACS tubes, and store in the refrigerator in the dark. 19. Analyze the cells on an
analytical �ow cytometer equipped with a laser emitting at 488nm \(FACSVantage®, Becton-Dickinson,
San Diego, CA, USA). Perform acquisitions on 50.000 events \(whole cells can be distinguished from
fragments by gating based on the forward and side scatter signals12. Process numerical data using
FlowJo software version 7.2.5 \(Tree Star. Inc., Ashland, OR, USA). 20. To assess the lamina propria
population cells of the colon the phenotypic aspects of the lamina propria cells can be expressed in two
different forms: percentage \(%) of cells expressing a given phenotypic marker, using cell and isotype
control cutoff, with a bimodal distribution, and geometric mean �uorescence intensity \(MFI). The latter
approach is used for semi-quantitative expression of phenotypic markers with a unimodal distribution.
Three-color �ow cytometry panels optimized for use in dogs were employed to characterize mononuclear
cells phenotypically in colon biopsies, on the basis of the mean �uorescence intensity and frequency. The
analysis of cells should focus on the composition of the sub-populations. The cells surveyed were: CD4+,
CD4+, FOXP3+, CD8+, CD11b+, CD11c+, TLR9+, TLR2+, CD14+ and mannose+. This provides an opportunity
to compare the mucosa of dogs with various clinical states of leishmaniasis.
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Timing
Steps 1-4, 130min.; Steps 5-9, 145min.; Steps 10-17, 110min.

Anticipated Results
Flow cytometry was used to evaluate the frequency and intensity of sub-populations of lymphocytes and
macrophages of lamina propria cells from jejune and colon fragments. A quicker isolation, improves the
quantity and viability of cells. The use of enzymes alters the expression of surface antigens so that the
subsequence FACS analysis may not re�ected in detail the real percentage of cells in the suspension. The
incubation of tissue fragments \(Fig. 1c) with collagenase II is more effective when it stays for 45
minutes. In less than this, the separation of cells is not effective and over this time, there is increased cell
death with debris. The collagenase type I is not e�cient in obtaining canine gut cells, as it is done in
murine protocols. The analysis of the cells should focus on the composition of the subpopulation. As
demonstrated in Fig. 2a, cells were readily identi�ed by their high SSC/FSC properties, allowing
contamination with epithelial cells and debris that are common in mucosal preparations to be excluded.
The phenotypic aspects of the cells were expressed in two different forms: percentage of cells expressing
a given phenotypic marker, using cells and isotype control cutoff, with a bimodal distribution, and
geometric mean �uorescence intensity, as seen in Fig. 2b. An analysis of these cells \(Figs. 3a-j) gives an
opportunity to compare various situations of the lamina propria in different groups. In our case, in control
dogs subpopulations showed nearly 15,64% of the CD4+; 1,94% of the CD8+; 9,78% of the CD4+FOXP3+;
23,00% of the CD11c+; 23,49% of the CD11b+; 3,24% of the CD14+; 10,22% of the mannose+; 26,41% of
the TLR2+ and 86,19% of the TLR9+ cells. In the colon samples originate of infected dogs, increased
numbers of CD4+ to 33,90%; CD4FOXP3+ to 23,61%; CD11c+ to 51,78%; CD11b+ to 43,21%; CD14+ to
28,45%; mannose+ to 12,58% and TLR2+ to 34,50% and decreased numbers of CD8+ to 1,59% and TLR9+

to 20,93% \(Figs. 4a,b). The resulting numbers of lamina propria cells varied from about 1x105 – 1x108

cells mass of 40mg per fragment sample. Less than 40mg of biopsy specimens showed no su�cient
cells for the experiment. The isolated cell of infected dogs does not differ from cells isolated from control
dogs, on the number and viability of cells. When comparing male versus female, no difference in the
amount of collected cells was observed. So far, these �ndings will support continuing comparative
studies involving the infected dogs with _L. infantum_ and health dogs where we will be able to determine
the phenotypic properties of cells of all small and large intestine segments. In this work we propose a
method for to obtain lamina propria cells of canine gut and respective analysis using �ow cytometer. We
have also demonstrated a protocol that can be useful for studies of general cellular markers. For
example, the technique utilized herein demonstrates that the presence of parasites in the gut of dogs
infected with _L. infantum_ is correlated with the alteration in immunological parameters and in
immunoregulation, since these parasites survive and multiply in the micro-environment of the intestinal
mucosa and do not appear to damage the host.
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Figure 1

Experimental design Experimental design

Figure 2

Figure 1 ANIMALS AND BIOPSY COLLECTION Figure 1 (a) Dogs were anesthetized and the colonic tissue
is obtained by biopsy, taken at the time of a colonoscopy; (b) For colon biopsies twelve colon punch
forceps were weighed, giving a mean mass of 40mg (range 12 samples); (c) The fragments of colon was
thoroughly washed with incomplete medium in a Petri dish to remove fecal waste. It was necessary to
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remove the fat from small fragments of colonic tissue using forceps and surgical scissors; (d) The cells
were placed in a single Falcon^® 15mL tube and the pellet was resuspended in 0.5µL complete medium.

Figure 3

Table 1 Super�cial antibodies used in �ow cytometric assay

Figure 4

Table 2 Intracellular antibodies used in �ow cytometric assay
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Figure 5

Figure 2 Composition of the subpopulation of the cells Figure 2 Cells were readily identi�ed by their high
SSC/FSC properties: (a) Representative gating R1 showing built separating macrophages and
lymphocytes population by cells size (x axis) and granularity (Y axis); (b) Representative histogram of
geometric mean �uorescence intensity of CD4^+ in colon of control and infected dogs using isotype
control cutoff, Goat anti-dog IgG1, A40-12OP8, Imgenex^®.
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Figure 6

Figure 3 Flow cytometer analysis Figure 3 Flow cytometer analysis. (a) CD4 positive cells; (b) CD8
positive cells; (c) CD4FOXP3 positive cells; (d) FOXP3 positive cells; (e) CD11b positive cells; (f) CD11c
positive cells; (g) CD14 positive cells; (h) MANNOSE positive cells; (i) TLR2 positive cells and (j) TLR9
positive cells.



Page 11/12

Figure 7

Figure 4 Comparison of subpopulations of cells from lamina propria of the colon between control and
infected dogs Figure 4 Isolation of lamina propria cells from dogs as described in section Biopsy
processing, cell isolation and �ow cytometry analysis. Cells were incubated with antibodies against CD4,
CD8, CD4FOXP3, CD11b, CD11c, CD14, Mannose, TLR2 and TLR9 to characterize the subpopulation and
then measured by �ow cytometry. (a) Summary the number of positive cells of control dogs; (b)
Summary the number of positive cells of infected dogs with L. infantum. In a, great number of TLR9^+
and almost equal number of CD8^+ can be observed.
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