
Chapter 2

Organized gastrointestinal associated 
lymphoid tissue in the colon - formation 
and localization of colonic patches and 

solitary intestinal lymphoid tissue

B.J. Olivier1, M.J. Greuter1, G.Goverse1, M. Knippenberg1, 

A.P. Baptista1&2, and R.E. Mebius1.

1 Department of Molecular Cell Biology and Immunology,
Vrije Universiteit Medical Center, Amsterdam, The Netherlands. 
 2 GABBA PhD Programme, Universidade do Porto, Porto, Portugal.

Manuscript in preparation



32

Organized GALT in the colon

 2 2

Abstract
The development of organized lymphoid tissues within the small intestine 
has been reported to occur during embryonic life (i.e. the formation of 
Peyer’s patches), as well as during postnatal development (i.e. the formation 
of solitary isolated lymphoid tissue). Here we addressed when and how 
organized lymphoid structures develop within the colon. At embryonic day 
18.5 clusters of lymphoid tissue inducer (LTi) cells and stromal organizers 
cells could be found at locations where at later time points in life colonic 
patches formed, namely in the submucosa of the colon. In addition, solitary 
isolated lymphoid tissue (SILT) could be found starting at two weeks after 
birth. Both colonic patches and SILT showed a more mature profile with B 
cell follicles containing follicular dendritic cells (FDCs) starting at two weeks 
after birth. Analysis of adult LTα-/- mice revealed that both colonic patches 
and mature SILT were absent in adult colon indicating that their formation is 
dependent on LTα mediated signaling. However immature SILT, containing 
only LTi cells (commonly referred to as cryptopatches) could still form in the 
absence of LTα. These results indicate that colonic patch and mature SILT 
formation is, similar to lymph node and Peyer’s patch formation, dependent 
on LTβR signaling while the initial clustering of immature SILT development 
is regulated by other initiation cues.  
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Introduction
The mucosal immune system of the intestines faces a unique challenge – 
maintaining the delicate balance of launching immune responses to harmful 
pathogens yet establishing a state of tolerance to harmless food antigens 
and commensal micro flora. The mucosal immune system of the intestines 
consists of organized gastrointestinal associated lymphoid tissues (inductive 
sites) and immune cells scattered throughout the intestines (effector 
sites). The organized gut associated lymphoid tissues (GALT) of the small 
intestine is well characterised and comprises four main compartments i.e. 
the associated draining mesenteric lymph node (MLN), Peyer’s patches 
(PPs), cryptopatches and isolated lymphoid follicles (ILFs) 1, 2. MLNs and 
PPs are known to be secondary lymphoid tissues, which develop during a 
specific window in embryonic life. MLNs have been shown to be one of the 
first lymph nodes to form during ontogeny and are present at embryonic day 
12.5 (E12.5) 3. PPs form at a slightly later embryonic stage and their earliest 
formation in the small intestine starts at E15.5 - E16.5 3, 4. The formation 
of secondary lymphoid tissue in the intestine is dependent on lymphotoxin 
alpha (LTα) signaling through the lymphotoxin beta receptor (LTβR) 2, 5-10. 
Lymphotoxin (LT) is a member of the tumor necrosis family (TNF) and 
exists in two isoforms i.e. a soluble homotrimer Ltα3 and a membrane bound 
heterotrimer Ltα1β2. The soluble homotrimer binds to TNFR1 and TNFRII 
while the membrane bound heterotrimer binds to LTβR 11-17. During embryonic 
life the formation of most lymph nodes involves paracrine triggering of LTβR 
expressed on stromal organizer cells by Ltα1β2 expressed on CD45+ CD4+ 
CD3- IL-7R+ lymphoid tissue inducer (LTi) cells 18. This signaling results in 
the induction of chemokines (i.e. CXCL13, CCL19 and CCL21) and adhesion 
molecules (i.e. VCAM-1, ICAM-1 and MAdCAM-1) by stromal organiser cells 
19, 20. These chemokines and adhesion molecules serve to attract and retain 
diverse hematopoietic subsets which ultimately will result in the formation of 
lymph nodes 3, 20-22 . 
Unlike MLNs and PPs, cryptopatches and ILFs form postnatally and are 
present in the small intestine  at 1- 2 weeks after birth 6, 23-26. The nuclear 
retinoic acid –related orphan receptor (RORγt) is expressed in fetal lymphoid 
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tissue inducer (LTi) cells. Studies of RORγt -/- mice revealed that these mice 
lack LTi cells as well as cryptopatches, ILFs, PPs and MLNs 24, 27, 28. Studies 
with mice containing a green fluorescent protein (GFP) knock-in at the RORγt 
locus reveal that lin- c-kit+ cells of cryptopatches co-express RORγt 24. Both 
cryptopatches and ILFs in adult murine colon contain lin- c-kit+ RORγt+ cells 
and it has been proposed that these cells represent the adult counterparts 
of fetal Lti cells and that cryptopatches give rise to ILFs 23. It has recently 
been proposed to group all lymphoid aggregates in the intestine i.e. both 
cryptopatches and ILFs together and refer to them collectively as solitary 
intestinal lymphoid tissue (SILT) 7. Pabst et al introduced the concept that 
SILT can be subdivided into five different classes based on their size and 
cellular composition. While the smallest SILT contain mostly c-kit expressing 
cells, the larger SILT contain more B220+ B cells and less c-kit+ cells. 
Studies conducted in germfree animals showed that these animals have a 
comparable total number of SILT when compared to age matched colonised 
control animals. However, SILTs increase in size and remodel towards a more 
mature class of SILT, resembling a large B cell follicular ILF, as a result of the 
introduction of bacterial micro flora in these animals 7. Interestingly, young 
four week old CXCR5-/- mice were shown to lack crytopatches and ILF, while 
more adult mice (8 to 10 weeks of age) developed aberrant cryptopatches 
and ILFs which were thought to be induced by the presence of microflora 
in the intestine 29. Due to the fact that both cryptopatches and ILFs are not 
developmentally programmed to form in utero but after birth, under the 
influence of environmental stimuli i.e. microflora, these structures can not be 
classed as true secondary lymphoid tissue. Therefore, others proposed  to 
refer to them as inducible lymphoid tissue 30. 
As most studies focus on the organized GALT of the small intestine less is 
known about organized GALT in the colon. In the colon organized GALT 
consists of cryptopatches, ILFs, and colonic patches 2, 10, 25. Colonic patches 
were mentioned to be present in embryos however no detail on cellular 
composition of these structures has been reported 10. The prenatal presence 
of colonic patches would classify them as secondary lymphoid organs that 
are developmentally programmed. Like PPs the development of colonic 
patches has been reported to be dependent on the LTα – LTβR signaling 
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axis 31. However, colonic patches were reported to  re-occur in LTα-/- mice 
upon inflammation of the colon 32. Perhaps newly induced structures, which 
developed as a result of the induced inflammation, were confused with 
colonic patches. The lack of a clear definition of SILT and colonic patches in 
the literature may lead to confusion, especially in the setting of the chronically 
inflamed colon were a third type of lymphoid tissue i.e. tertiary lymphoid 
tissue may occur. We therefore set out to follow the formation of the various 
lymphoid structures of the colon before and after birth, when the bacterial 
colonisation of the colon starts, in order to establish a clear definition of 
secondary lymphoid tissue and SILT. 

Materials and Methods
Mice
Specific pathogen free (SPF) C57BL/6 and Ltα -/- breeding pairs were 
obtained form Charles River Laboratories (Maastricht, The Netherlands) 
and housed in the animal facility at the Vrije Universiteit (Amsterdam, The 
Netherlands). Breeding pairs were housed overnight and the day of vaginal 
plug detection was recorded as E0.5. Animals were housed under standard 
laboratory conditions. Ethics committee approval was obtained from the Vrije 
Universiteit Animal Ethics Committee for all experiments performed.

Immunofluorescence
Mice were euthanized at the relevant time points and colons were removed 
and embedded in OCT compound (Sakura, Finetek, Europe) and stored at 
-80oC. Serial cryostat sections were made of the entire colon (7 microns) for 
subsequent screening of organized GALT. For detection of organized GALT 
in embryonic day 18.5, 1 week old and 2 week old colons every 10th section 
was stained for anti-CD4 and anti-MAdCAM-1. For 14 week colons every 
20th section was checked for presence of organized GALT with a toluidine 
blue staining and relevant immunofluoresence stainings were performed on 
sections in which organized GALT structures were detected. Pictures were 
taken on the DM6000 Leica Immunoflourescence Microscope Leica (Leica 
Microsystems, Rijswijk,The Netherlands).
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Antibodies
The following antibodies were used for immunofluorescence:
Anti-MAdCAM-1 (clone MECA-367), anti-B220 (clone 6B2) and anti-CD4 
(clone GK1.5) were affinity purified from hybridoma cell culture supernatants 
with protein G-Sepharose (Pharmacia, Uppsala, Sweden) and directly 
labeled with Alexa-Fluor 488 or Alexa-Fluor 647 (Invitrogen-Molecular 
Probes, Leiden, The Netherlands). Anti-CD3 (clone KT3 purified from 
hybridoma cell culture supernatant), anti-smooth muscle actin (clone 1A4, 
Sigma-Aldrich,St. Louis, MO, USA), nuclear retinoic acid –related orphan 
receptor-γ (anti-RORγ, kindly provided by D.R. Littman) and Anti-Lyve-1 
(Millipore, Billerica, MA, USA), were visualized by means of the appropriate 
secondary antibody labeled with Alexa-Flour 488, Alexa-Flour 546, or Alexa-
Flour 647 (Invitrogen-Molecular Probes). Biotin labeled anti-CXCL13 and 
anti-CCL21 (R&D Systems, Minnneapolis, USA) were visualized by making 
use of the TSA signal amplification Kit with HRP-streptavidin and Alexa 
Fluor 546 tyramide (Invitrogen-Molecular Probes). Anti-CD35 (clone 8C12, 
e-bioscience, San Diego, CA, USA) directly labelled to Alexa-Fluor 647 was 
used to detect  follicular dendritic cells.

The following antibodies were used for FACS analysis :
Anti-CD3 Alexa Fluor 488 (clone 145-2C11, e-Bioscience), anti-CD4 PE 
(clone GK1.5, BD Biosciences, San Jose, CA), anti-CD45 PE.Cy7 (clone 
30-F11, e-Bioscience), unlabelled rat anti-CD127 (IL7Rα, clone A7R34, 
e-Bioscience) and goat anti-rat Alexa Fluor 647 (Invitrogen-Molecular 
Probes). 7-amino-actinomycin D (7AAD, Invitrogen-Molecular Probes) was 
used to discriminate live and dead cells.

Colon digestion and FACS Analysis
Colons were dissected at day of birth (D0). Single cell suspension were 
prepared by cutting them into small pieces, which were digested, at 37 °C 
for 30 minutes, with 0.04 mg/ml Liberase Blendzyme 2 (Roche, Mannheim, 
Germany) and 25U/ml DNAse I (Roche) in PBS. Cell clumps were removed by 
filtration over nylon mesh. Cells were suspended in PBS containing 2% fetal 
calf serum (FCS, Sigma-Aldrich, St Louis, MO) and stained for 30 minutes on 
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ice. Samples were analysed using a Cyan ADP High-Performance Research 
Flow Cytometer (DakoCytomation, Glostrup, Denmark) and Summit software 
(v4.3, DakoCytomation). Fluorescence minus one (FMO) controls [33] were 
used to assess the expression threshold of each individual marker. 

Results
Clusters of LTi cells at E18.5 
The formation of secondary lymphoid organs i.e. PPs and MLNs associated 
with the small intestine are developmentally programmed. Their formation 
occurs in utero and is dependent on LTi cells (CD45+CD4+CD3-) and stromal 
organiser cells (VCAM+ ICAM+ MAdCAM+). In analogy to these lymphoid 
organs, we addressed whether clusters of LTi cells and stromal organizer 
cells could also be found in colons of mice one day before birth at embryonic 
day 18.5 (E18.5). To detect clusters of LTi and stromal organiser cells, 
embryonic colon sections were stained with anti-CD4 (to detect LTi cells) and 
anti MAdCAM-1 (to detect stromal organizer cells and endothelial cells). This 
staining revealed that indeed clusters of LTi cells in close association with 
MAdCAM+ cells were present in the colon before birth (Figure 1A and B). To 
confirm that these CD4+ cells were indeed true LTi cells, serial sections were 
stained for RORγt, CD3, and CD4 antibodies, which showed that  CD4+ cells 
expressed RORγt, while CD3 was absent (Figure 1C and D). Furthermore, 
FACS analysis performed on digested day of birth (D0) colons revealed that 
92,29 % of CD45+ cells present at this stage were CD45+CD4+CD3- LTi cells 
(Figure 1E), that expressed IL7Rα (CD127) which classified them as LTi cells 
34, 35. 
Interestingly, these clusters of inducer and organiser cells could be found in 
the submucosa of the colon, as indicated by staining with smooth muscle 
actin (Figure 2A and B). Throughout the entire colon 2-3 of these structures 
were present at E18.5. Their presence before birth suggests that these 
structures are developmentally programmed and not induced upon bacterial 
colonisation of the colon after birth. 
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Figure 1 – Clusters of LTi cells are present in the colon before birth 
(A and B) Screening of E18.5 colon with anti-CD4 and anti-MAdCAM-1 shows infiltrates of LTi and stromal 
organizer cells, respectively (anti-CD4 in green and anti-MAdCAM-1 in blue). (C and D) Clusters of CD4+ 
cells are true CD4+ CD3- RORγt+ LTi cells (anti-CD4 in green, anti-RORγt in red and anti-CD3 in blue). (E) 
FACS analysis of digested colons at D0 shows that 92,29 % of CD45+ cells at this stage are true LTi cells 
(CD45+CD4+CD3-) with 99,08% of these cells expressing IL-7Rα (CD127). (A and C) Pictures were taken 
of a representative length of tissue on the 20x magnification on stitch picture function and (B and D) 20x 
magnification of the area of interest with scale bars present representing 100µm. All pictures were taken 
on DM6000 Leica Immunoflourescence Microscope (Leica Microsystems). 
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Figure 2 – Clusters of LTi cells occur in the submucosa of the colon in association with 
lymphatic endothelium which provides a source of CCL21
(A and B) Clusters of LTi cells and stromal organizer cell are situated in the submucosa of the colon as 
indicated by smooth muscle actin (SMA) (anti-CD4 in green, anti-SMA in red and anti-MAdCAM-1 in blue). 
(C) LTi cells and stromal organizer cells are in close association with lymphatic endothelium (anti-CD4 
in green, anti-Lyve-1 in red and anti-MAdCAM-1 in blue). (D) Lymphatic endothelium provides a source 
of CCL21 which may serve to attract and retain LTi cells (anti-CD4 in green, anti-CCL21 in red and anti-
Lyve-1 in blue). (E) CXCL13 is not detectable at this time point in clusters of LTi cells (anti-CD4 in green 
and anti-CXCL13 in red). (A) Representative overview 20x magnification on stitch picture function and 
(B) 20x interest taken on 20x magnification on DM6000 Leica Immunofluorescence Microscope (scale 
bars = 50µm).

Since we have recently found that LTi cells, when isolated from E13.5 fractions 
enriched for peripheral lymph nodes express the chemokine receptors 
CXCR5 and CCR7, and respond well to the ligands for these receptors ( i.e. 
CXCL13 and CCL21) we addressed whether these chemokines could be 
detected in close association with the developing colonic patches. Lymphatic 
endothelium can function as a source of CCL21 and for the development of 
lymph nodes we have shown that this is an important chemokine in the 
situation that CXCL13 is absent 36. Analysis of lymphatic endothelium by 
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Lyve-1 staining revealed that cluster of LTi cells develop in close association 
with lymphatic endothelium (Figure 2C).  Further stainings on consecutive 
sections showed that lymphatic endothelium in this setting does provide a 
source of CCL21 (Figure 2D), while CXCL13 was undetectable at this time 
point (Figure 2E). However, real time analysis revealed that expression of 
CXCL13 was detectable at mRNA level (data not shown), suggesting that 
both homeostatic chemokines may contribute to the observed clustering of 
LTi cells in the colons before birth.

Postnatal expansion of LTi clusters into colonic patches
To see how development of lymphoid tissue in the colon is affected by 
colonisation with microflora we analysed serially sectioned colons of postnatal 
mice. At one week after birth clusters of CD4+ cells were still present in 
the submucosa and these areas started to fill with B cells (Figure 3A). 
Furthermore, CD4+CD3+ T cells had migrated into these structures, while 
a few LTi cells were present scattered throughout the structure (Figure 3B). 
Analysis of homeostatic chemokines revealed that the T cells were in close 
association with lymphatic endothelium which express CCL21 (Figure 3C), 
while CXCL13 expression was detected in B cell follicles (Figure 3D). Two 
weeks after birth these structures had distinct B and T cell areas and still 
contained LTi cells which were more confined to the T cell areas (Figure 4A 
and B). The homeostatic chemokine CCL21 was expressed by lymphatic 
endothelium within the T cell areas (Figure 4C) and CXCL13 expression was 
detectable in the B cell follicles (Figure 4D). At 14 weeks after birth these 
structures persisted in the submucosa of the colon, containing multiple B cell 
follicles with distinct T cell areas (Figure 4E). In keeping with the literature, 
these structures are reminiscent of colonic patches reported to be present in 
adult colon 31, 32, 37. These structures appear to remain constant in number (3 
structures per colon) from before birth until adult life (Table 1). We propose 
that colonic patches are true secondary lymphoid tissue, which are present 
as clusters of LTi cells before birth and are thus the counterparts of PPs in the 
colon. The location of the initial clustering of LTi cells seemed to determine 
their final location in the submucosa of the colon.
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Figure 3 – Postnatal expansion of LTi clusters one week after birth 
(A) Clusters of CD4+ cells and B cells are present in the submucosa of the colon as indicated by SMA 
staining (anti-CD4 in green, anti-SMA in red and anti-B220 in blue). (B) Colonic patches contain T cell 
areas (CD4+ CD3+ RORγt-) and scattered LTi cells (CD4+, CD3-, RORγt+) (anti CD4 in green, anti-RORγT 
in red and anti CD3 in blue). (C) Clusters of CD4+ cells remain in close association with lymphatic 
endothelium which provides a source and CCL21 (anti-CD4 in green, anti-CCL21 in red and anti-Lyve-1 
in blue). (D) B cell follicles contain CXCL13 expressing cells (anti-B220 in green and anti-CXCL13 in red). 
(A - B) 20x magnification (scale bars = 100µm) and (C and D) 40x magnification taken on DM6000 Leica 
Immunoflourescence Microscope (scale bars = 50µm).
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*

*

2 - 3

Table 1 – Timeline quantification of organized GALT of the colon
Indicates the numbers of LTi clusters (E18.5 and one week after birth) and colonic patches (two weeks 
after birth and adult colon) along with SILT observed in the colon in mice of different ages from E18.5 until 
adult. * For adult tissue every 20th section was screened thus numbers of SILT per colon are given as > 
than due to the fact that smaller SILT may have been missed in the screening. 
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Figure 4 - Postnatal expansion of LTi cluster into colonic patches two weeks after 
birth and adult life 
Immunofluoresence of colons at two weeks (A – D) and fourteen weeks after birth (E). (A) Colonic patch 
in adult tissue with more than one B cell follicle and a clear T cell area  in close association with lymphatic 
endothelium (anti-CD4 in green, anti-B220 in red and anti-Lyve-1 in blue). (B) LTi cells are present at this 
time point and are mostly scattered throughout the T cell area (anti-CD4 in green, anti-RORγt in red and 
anti-CD3 in blue). (C) Lymphatic endothelium provides a source of CCL21 and is present in the T cell area 
(anti-CD4 in green, anti-CCL21 in red and anti-Lyve-1 in blue). (D) CXCL13 is expressed within in B cell 
follicles (anti-B220 in green and anti-CXCL13 in red). (E) Overview picture of colonic patch in adult colon 
consisting of more than one B cell follicle with distinct T cell areas  which occur in the submucosa of the 
colon as indicated by SMA staining (anti-CD3 in green, anti-SMA in red and anti-B220 in blue). (A-D) 10x 
magnification and (E) 20x stitch picture taken on Leica DM6000 (scale bars = 100µm).

Postnatal development of SILT 
Hamada et al has shown that SILT can be found in the lamina propria of the 
small intestine of C57BL/6 by 14-17 days after birth 5. We reasoned that in 
the colon the formation of these structures should also occur after birth as the 
colon is colonized by a variety of microflora. We therefore analyzed colons 
at E18.5, 1 and 2 weeks after birth for the presence of clusters of LTi cells, in 
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conjunction with MAdCAM-1+ cells in the lamina propria of the colon. Stainings 
confirmed that no structures resembling SILT were present before birth at 
E18.5 (data not shown). At 1 week after birth scattered CD4+CD3+RORγt- 
T cells started to appear in the lamina proria of the colon, often in close 
association with lymphatic endothelium (data not shown). However, the vast 
majority of CD4+CD3-RORγt+ LTi cells present at this stage were restricted 
to colonic patches (data not shown). At 2 weeks after birth numerous SILTs, 
containing CD4+CD3-RORγt+ cells, were present in the lamina proria of the 
colon in close association with lymphatic endothelium (Figure 5A and B). 
Furthermore, some of these clusters contained additional B cells as well as 
CXCL13 expressing cells (Figure 5C). Thus in the colon the first SILT can be 
detected in the lamina propria by 2 weeks after birth. Immature SILT contain 
mostly CD4+CD3-RORγt+ LTi  cells while more mature SILT contain mostly B 
cells, similar as to SILT present in the small intestine. 

Figure 5 – Formation of SILT two weeks after birth
Immunofluoresence of colon two weeks after birth (A) Clusters of LTi cells in the lamina proria form SILT 
structures which are in close association with CCL21 expressing Lyve-1+ lymphatic endothelium (anti-CD4 
in red, anti-CCL21 in green and anti-Lyve-1 in blue). (B) The majority of CD4+ cells in SILT are CD4+CD3-

RORγt+ LTi cells (anti-CD4 in green, anti-RORγt in red and anti-CD3 in blue) (C) CXCL13 is present within 
the more mature SILT that contain B220+ B cells (anti-B220 in green and anti-CXCL13 in red). (A - C) 40x 
magnification of area of interest taken on DM6000 Leica Immunoflourescence Microscope (scale bars = 
50µm).

Maturation of SILT and colonic patch 
In the adult intestine larger SILT and colonic patches were reported to contain 
B cell follicles with follicular dendritic cells (FDCs) 31, 37, 38. To see whether 
FDCs are also present in colonic patches we performed stainings for FDC 
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marker (8C12/CD35). This analysis revealed that colonic patches at 1 week 
after birth do not contain FDCs (Figure 6A and B). The presence of FDCs 
in both SILT (Figure 6C and D) and colonic patches (Figure 6E and F) were 
observed starting from 2 weeks of age and also in adult life (data not shown). 
These results suggest that by 2 weeks after birth fully mature B cell follicles 
are present in colonic patches as well as SILT.

Figure 6 – Formation of in organized GALT two weeks after birth
(A and B) Early colonic patches present at one week after birth contain B cell follicles that lack follicular 
dendritic cells (FDCs). (C and D) SILT at two weeks after birth contains FDC. (E and F) Colonic patch two 
weeks after birth which consist of more than one B cell follicles like SILT these B cell follicles also contain 
FDCs (anti-B220 in green and anti-CD35 in blue). (A and C) 20 x magnification and (E) 10x magnification 
(scale bars = 100µm). (B, D and F) enlargement of area of interest in the B cell follicle (scale bars = 50µm) 
and taken on Leica DM6000 Microscope.
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marker (8C12/CD35). This analysis revealed that colonic patches at 1 week 
after birth do not contain FDCs (Figure 6A and B). The presence of FDCs 
in both SILT (Figure 6C and D) and colonic patches (Figure 6E and F) were 
observed starting from 2 weeks of age and also in adult life (data not shown). 
These results suggest that by 2 weeks after birth fully mature B cell follicles 
are present in colonic patches as well as SILT.

Figure 6 – Formation of in organized GALT two weeks after birth
(A and B) Early colonic patches present at one week after birth contain B cell follicles that lack follicular 
dendritic cells (FDCs). (C and D) SILT at two weeks after birth contains FDC. (E and F) Colonic patch two 
weeks after birth which consist of more than one B cell follicles like SILT these B cell follicles also contain 
FDCs (anti-B220 in green and anti-CD35 in blue). (A and C) 20 x magnification and (E) 10x magnification 
(scale bars = 100µm). (B, D and F) enlargement of area of interest in the B cell follicle (scale bars = 50µm) 
and taken on Leica DM6000 Microscope.

Colonic patches and mature SILT are absent in adult LTα-/- mice
To see whether colonic patches and all stages of SILT development were 
indeed absent, colons of LTα-/- mice were serially sectioned and the relevant 
stainings were performed. Intriguingly, analysis of stromal organizer cells 
(MAdCAM+) and LTi cells (CD4+) revealed the presence of these cells 
clustered together in the submucosa of the colon at D0 in LTα-/-  mice (Figure 
7A and B). Further stainings confirmed that the clustered CD4+ cells were 
indeed LTi (RORγt+CD4+CD3-) cells (Figure 7C and D).  

Figure 7 – Clusters of LTi cells are present at day of birth in LTα-/- mice
(A and B) Immunofluoresence analysis of LTα-/- mice at day of birth reveals clusters of CD4+ 
cells in the muscle layer of the colon (anti-SMA in green, anti-CD4 in red and anti-MAdCAM in 
blue). (C and D) Show that these CD4+ cells are indeed LTi (CD4+ CD3- RORγt+ LTi) cells (anti-
CD4 in green, anti-RORγt in red and anti-CD3 in blue). (A and C) 20x magnification (scale 
bars = 100µm) and (C and D) higher magnification (scale bars = 50µm) taken on DM6000 
Leica Immunofluorescence Microscope.
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Two weeks after birth these initial LTi clusters failed to form colonic patches 
as no B cell follicles with distinct T cell areas were found within the colon of 
LTα-/- mice (data not shown). However, clusters of CD4+ cells within the 
lamina proria were observed with only a few B cells present (Figure 8A and 
B). Further stainings on sequential sections revealed that these CD4+ cells 
were CD4+CD3-RORγt+ LTi cells suggesting that these structures are 
immature SILT, also known as cryptopatches (Figure 8C and D). 

Figure 8 - Lowest class of SILT (i.e. cryptopatches) are present, however higher class 
of SILT and colonic patches are absent in LTα-/- mice two weeks after birth
(A and B) Immunofluoresence analysis of LTα-/- mice at two weeks after birth reveals clusters 
of CD4+ cells in the lamina proria of the colon with few B cells present in these structures (anti-
B220 in green, anti-CD4 in red and anti-SMA in blue). (C and D) Shows that these CD4+ cells 
are LTi (CD4+ CD3- RORγt+) cells (anti-CD4 in green, anti-RORγT in red and anti-CD3 in blue). 
(A and C) 20x magnification (scale bars = 100µm) and (C and D) higher magnification (scale 
bars = 50µm) taken on DM6000 Leica Immunofluorescence Microscope.
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Also in colon from adult (fourteen weeks after birth) LTα-/- mice, no B cell 
follicles could be detected, indicating the absence of colonic patches and 
mature SILT (data not shown). However, upon careful analysis we observed 
clusters of CD4+ cells within the lamina proria (Figure 9A and B). Further 
stainings confirmed that these cells were LTi (RORγt+CD4+CD3-) cells (Figure 
9C and D). These structures never contained any B cells and thus represent 
the smallest SILT formed by LTi cells only. Further maturation of small SILT into 
B cell containing larger SILT appeared to require LTα mediated signaling.

Figure 9 – Adult LTα-/- mice have the lowest class of SILT but lack higher class SILT 
and colonic patches  (A and B) Immunofluoresence analysis of LTα-/- mice at fourteen 
weeks after birth reveals clusters of CD4+ cells in the lamina proria of the colon with few B 
cells present in these structures (anti-B220 in green, anti-CD4 in red and anti-SMA in blue). 
(C and D) Show that these CD4+ cells are true LTi cells (CD4+ CD3- RORγt+) (anti-CD4 in 
green, anti-RORγt in red and anti-CD3 in blue). (A and C)  20x magnification (scale bars = 
100µm) and (C and D) higher magnification (scale bars = 50µm) taken on DM6000 Leica 
Immunofluorescence Microscope.

Discussion
Colonic patches have been described to exist within the adult colon 31, 32, 37. 
However, it has not been addressed whether these structures are present 
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before birth or form after birth as a result of bacterial colonisation of the 
colon. Here we show that clusters of LTi and stromal organiser cells are 
present in the colon at E18.5, indicating that these structures are indeed 
programmed before birth and can thus be classed as secondary lymphoid 
tissues. These structures appear to remain constant in number throughout 
life but increase in size and structure eventually consisting of more than one 
B cell follicle with distinct T cell areas. Interestingly, colonic patches remain at 
a specific anatomical location in the colon i.e. in the submucosa of the colon. 
It has been reported that colonic patches are not present in adult LTα-/- mice 
31, 32 and in this study we confirm that the formation of colonic patches are 
dependent on LTα.
The colon contains two different types of organized GALT i.e. SILT and 
colonic patches. It has been reported that SILT form in the small intestine of 
C57/BL6 mice between 7-14 days after birth 5, 7. They are found in germfree 
mice in the same number as in conventionally housed animals, but their 
size is influenced by the presence and composition of the microflora 7. Also 
for the colon the number of SILT in germfree versus conventionally housed 
animals is the same 39. For the formation of these structures within the colon 
it has been documented that LTβR signaling is mandatory 7, 8. We confirm 
that the formation of higher classes of SILT is dependent on lymphotoxin 7, 

8, however class I SILT containing RORγt+CD4+CD3- LTi like cells are able 
to form in a lymphotoxin independent manner. It is intriguing that this initial 
clustering of LTi cells for SILT formation occurs independent of intestinal 
colonisation, and LTβR dependent signaling, leaving the question of how LTi 
clustering is initiated unanswered. However, for SILT formation in the small 
intestine CXCR5 is mandatory, since no SILT could be found in the small 
intestine of 4 week old mice. This CXCR5 dependency was overcome by 
unknown mechanisms in older CXCR5-/- mice, which had clearly formed SILT 
structures. It is therefore tempting to speculate that initial clustering of LTi cells 
in the colon may critically depend on CXCL13 and CXCR5 interaction. Which 
factors induce the expression of CXCL13 remains elusive. Furthermore, it is 
unclear where the LTi cells, that initiate SILT formation, are derived from. It 
is of interest however, that prenatal LTβR blockade results in the blockade of 
Peyer’s patch and colonic patch formation, while increasing the number of 
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SILT. These studies suggest that once the clustering of LTi cells is prevented 
in the locations to which they are attracted before birth, they cluster after 
birth at locations in the lamina propria to form SILT. It may thus be that LTi 
cells that are not retained in secondary lymphoid tissue can form SILT after 
birth. It is of interest that the timing of appearance of the first SILT in small 
intestines and colon is similar to the timing of the appearance of the intestinal 
crypts, containing stem cells and Paneth cells 40. It is therefore tempting to 
speculate that the formation of SILT is coordinated with the formation of fully 
functional crypts.
Since SILT in the colon increase in size as a result of bacterial colonisation 
and inflammation they can easily be confused with colonic patches. Clear 
definition of these two types of organized GALT is therefore necessary to 
avoid confusion in the literature. In this article we defined SILT and colonic 
patches on the basis of their distinct location within the colon along with 
their cellular composition. In the adult setting SILT consist of a single B cell 
cluster with scattered T cells occurring in the lamina propria of the colon. 
In contrast to these structures, colonic patches consist of more than one B 
cell follicle with distinct T cell micro domains.  Colonic patches occur in the 
submucosa of the colon. Discrepancies occur in the literature with regards to 
organized lymphoid tissue of the colon in the inflammatory setting. Dohi and 
collegues reported that the formation of colonic patches can be eliminated 
by administration of LtβR-Ig in utero and these structures do not form during 
inflammation 31. On the contrary, Sphan and colleagues reported that colonic 
patches are absent in Ltα-/- as well as in mice treated with LtβR-Ig in utero, 
however colonic patches do occur in these mice when inflammation is 
induced. It has been suggested by Sphan et al that these differences may 
be due to the strain of mice used or the microflora present in the colon 32. 
However, these differences could also be due to the lack of a proper definition 
of SILT and colonic patches especially in the context of the inflamed colon 
where a third type of tertiary lymphoid tissue may arise. With the definition of 
organized GALT of the colon provided here, further studies that address the 
neogenesis of lymphoid structures as a result of inflammation should now be 
easier.
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