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Preface 

This thesis has been submitted to the department of Health Technology at the Technical University of Denmark 
in order to obtain a PhD degree. The presented research was conducted from June 2015 to May 2019 under the 
Supervision of Professor William Winston Agace (DTU) and Ole Haagen Nielsen (Herlev Hospital); first at the 
Veterinary Institute, then the Department of Nanotechnology and finally at the Department of Health 
Technology. 

The Thesis consists of a two-part introduction covering 1) the structure, morphology and cellular content of the 
immune niches found in the human intestine, and 2) a general overview of the stromal cell compartment in the 
human intestinal lamina propria, followed by a discussion of the three included manuscripts. Lastly, the three 
manuscripts are included, of which Manuscript I was submitted (in an updated format) in July, and is now 
undergoing revisions.   
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Manuscripts included in the thesis 
 

Manuscript I:  

Immune profiling of human gut associated lymphoid tissue identifies a role for isolated lymphoid follicles in 

regionalized adaptive immune responses 

Thomas M Fenton*, Peter B Jørgensen*, Kristoffer Niss, Yoni S Ruben, Urs M Mörbe, Lene B Riis, Clement 
da Silva, Julien Vandamme, Henrik L Jakobsen, Søren Brunak, Aida Habtezion, Ole H Nielsen, Bengt 
Johansson-Lindbom, William W Agace 

* Joint first author 

 

Manuscript II:  

Identification, isolation and flow based immune profiling of human isolated lymphoid follicles 

Peter B Jørgensen*, Thomas M Fenton*, Lene B Riis, Urs M Mörbe, Henrik L Jakobsen, Ole H Nielsen, William 
W Agace 

* Joint first author 

 

Manuscript III:  

Generation of a stromal cell atlas of the human intestinal lamina propria 

Peter B Jørgensen*, Kristoffer Niss*, Urs M Mörbe, Ann-Kristine Kamps, Thomas M Fenton, Lene B Riis, 
Grigory Nos, Henrik L Jakobsen, Søren Brunak, Ole H Nielsen, William W Agace 

* Joint first author 

Review not included in the thesis 
 

Intestinal barrier integrity and inflammatory bowel disease: Stem cell-based approaches to regenerate the barrier. 

Holmberg FEO, Pedersen J, Jørgensen P, Soendergaard C, Jensen KB, Nielsen OH. 

Journal of Tissue Engineering and Regenerative Medicin.  

April 2018;12(4):923-935.   
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bordered by two layers of muscle termed the muscularis externa or muscularis propria, and attached to this we 

find a connective tissue layer termed the serosa3,6.  

The content of the intestinal lumen changes along the length of the intestine as nutrients are digested and 

extracted in the SI, with primarily water and undigested carbohydrates entering the LI. As a result, there are 

significant differences in microbial diversity and number between the SI and LI, both being highest in the LI2. In 

parallel, there is considerable variation in the levels of biologically active microbial and food metabolites, 

including short chain fatty acids, vitamin A and aryl hydrocarbon receptor ligands. These influence several aspects 

of local tissue homeostasis including immune cell composition and function2,7.   

 

  



13 
 

 

 

Figure 1 Human intestinal anatomy.  

The human intestine (bottom) starts at the stomach and ends at the rectum, and is made up of several distinct segments. The start of the 
small intestine attached to the stomach is the duodenum, followed by the jejunum and later the ileum. The ileum then merges with the first 
part of the large intestine, the cecum, at the ileo-cecal valve. The appendix is a secondary lymphoid tissue at the blind end of the cecum. 
From the cecum, the large intestine continues as the ascending colon, followed by the transverse, descending, and sigmoid colon, and finally 
the rectum. A closer look at the small intestinal wall (top left) and colonic wall (top right) reveals that these are divided into distinct layers. 
From top to bottom they are made up of the epithelium, lamina propria and muscularis mucosa that together make up the mucosa, the 
vascular connective tissue of the submucosa, two layers of muscle (muscularis externa), and finally the connective tissue of the serosa. 
Whereas the small intestine (top left) has villi and a central lymphatic vessel in the lamina propria called the lacteal, the colon (top right) 
only has crypts and very few lymphatic vessels in the lamina propria.  
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CPs do not show this defined compartmentalization of structure, consisting mainly of loosely arranged 

LTi cells, activated stromal cells and dendritic cells20,43. However, when mouse CPs mature into ILFs, lymphocytes 

are recruited and they acquire an SED, a B cell follicle with a GC and a FAE with M cells. Mouse ILFs do not 

appear to contain HEVs or efferent lymphatics, and have only few scattered T cells14,20,43. In contrast, SILT in the 

human SI contain T cell zones and HEV-like vessels (Figure 2, top), and some may penetrate the MM and connect 

to underlying lymphatics13. The majority of submucosal SILT in human LI also has both T cell zones and HEV-

like vessels, are connected to the lymphatics, do not contain a SED, and have a less clear FAE with fewer M 

cells10,39,44 (Figure 3, bottom). The mucosal-restricted SILT of the human rectum are similar to mouse ILFs in 

having a clear FAE with numerous M cells and no apparent connection to the lymphatics, but differ by having T 

cell zones and potentially contain HEVs10 (Figure 3, top). Whereas virtually all follicles in PPs contain GCs27, 

this is only the case for a small proportion of SILT under homeostatic conditions10,13,14. 

Mouse ILF (~0.15 mm in diameter) are generally smaller than human SILT, while CPs are even smaller 

at around 0.08 mm in diameter14. Human LI SILT are generally in the range of between 0.1 and 1 mm in diameter, 

with those in healthy SI being estimated at around 0.25 mm on average10,13. Along with the predominantly 

submucosal localization, presence of draining lymphatics and HEVs, not seen in mice SILT, are why some have 

likened human SILT to mouse PPs and LI patches14,45. 

 

  


















































































































