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ENGLISH SUMMARY

The vitamin A metabolite retinoic acid has an important role in a broad spectrum of biological 
processes. Retinoic acid not only plays an essential role in embryonic development, but is 
also vital when an organism is fully grown. For example in proper immune functioning. For 
sufficient retinoic acid levels, the body is dependent on dietary absorption of vitamin A. The 
vitamin A program is not without reason one of the most successful programs of the World 
Health Organization to improve public health in third world countries. Within the vitamin A 
program, small children and pregnant women are supplemented with vitamin A. Vitamin A 
supplementation prevents blindness in these countries, but it is also important in preventing 
intestinal infections and paired diarrhea. In the Western world, vitamin A derivatives or 
retinoids such as retinoic acid are mainly used as a therapy in skin diseases. In addition, there 
are indications that treatment with retinoic acid could also be successful in other chronic 
inflammatory diseases such as Crohn’s disease, ulcerative colitis or rheumatoid arthritis.

Retinoic acid is involved in balancing T cell responses. This is one of the reasons that retinoic 
acid has aroused interest as a possible treatment strategy for chronic inflammatory diseases. 
Depending on microenvironmental factors, retinoic acid provides adequate T helper 1, 2, 
17 or regulatory T helper cell responses. These different types of T helper cells generally 
play an important role in supporting an immune response. In many patients suffering from 
chronic inflammation, T helper cell responses are out of balance. Patients suffering from 
chronic inflammation often have increased numbers of T helper 17 cells in the affected tissue 
and reduced number of regulatory T helper cells. Retinoic acid has a role in stimulating the 
development of regulatory T helper cells at the expense of T helper 17 cells. Therefore, 
treatment with retinoic acid may correct this T cell imbalance. At the same time, retinoic acid 
deficiency could also be at the root of the development of a chronic inflammatory disease.

In addition, retinoic acid plays a role in regulating the “address labels” that lymphocytes 
(including T and B cells) show on their membranes. These address labels determine to which 
organ a lymphocyte will go. Retinoic acid ensures that lymphocytes are addressed to the gut 
while at the same time preventing the display of address labels to other organs. In chapter 2, 
we studied the effect of retinoic acid on human blood cells by monitoring patients who use 
retinoic acid as a treatment for chronic hand eczema. Our hypothesis was that the reactive 
T cells in these patients would be addressed to the gut under the influence of retinoic acid 
therapy, where they could do no harm, rather than to the skin. We have not been able to 
find any evidence for this hypothesis. However, some data indicate that the type of immune 
response in these patients shifted from a type 1 (associated with intracellular infections) to 
a type 2 response (associated with extracellular infections) under the influence of retinoic 
acid treatment. This shift could explain the positive effect of retinoic acid therapy in these 
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patients as type 2 responses are often less pro-inflammatory. However, more evidence will 
need to be gathered to support this statement.

Retinoic acid plays an important role in suppressing immune responses in the gut. This is 
necessary because the immune system in the gut is in constant contact with antigens derived 
from the diet and the microbiome. In chapter 3 we show that retinoic acid plays a role in 
inducing a tolerant phenotype in macrophages. In addition, we see that these macrophages 
express a receptor to recognize fungi and bacteria on their membrane under the influence 
of retinoic acid. If we then stimulate this receptor, we see that the macrophages can quickly 
switch to a pro-inflammatory profile. For it is important that the macrophages in the gut can 
quickly respond to invaders in case of emergency, we think this system could act as a kind 
of safety mechanism. Using this receptor, the anti-inflammatory influence of retinoic acid 
on macrophages in the gut can therefore be quickly reversed during an infection.

Furthermore, we show in chapter 3 that a retinoic acid deficiency in the gut leads to 
less anti-inflammatory macrophages. There is also multiple evidence in literature that 
retinoic acid can prevent inflammation in the gut. A retinoic acid deficiency in the gut 
may therefore lead to the development of chronic inflammation. Preventing retinoic acid 
deficiency may therefore also prevent the development of a chronic inflammatory disease 
or reduce the symptoms of such a disease. One of the goals of this thesis was to find ways to 
prevent retinoic acid deficiency in the gut as a way to prevent the development of chronic 
inflammation.

A retinoic acid deficiency can develop at different levels. Although a lack of vitamin A in 
the diet is the most obvious, dietary vitamin A deficiency is almost non-existent in the 
Western world. Vitamin A must, however, be converted into retinoic acid and this is done 
by ALDH enzymes, among other things. Based on previous observations, we hypothesized 
that reduced activity of ALDH enzymes would lead to decreased retinoic acid concentrations. 
We expected this to become particularly evident in the gut as vitamin A uptake takes place 
here. In addition, it has been reported that retinoic acid plays an important role in balancing 
immune responses in the gut. By finding methods to influence the expression of ALDH 
enzymes in the gut, we hoped to find targets to manipulate the concentration of retinoic 
acid in the gut. This could be interesting for the development of new therapies for chronic 
inflammatory diseases.

We studied what happens to the immune system in the intestines of mice that are deficient 
of the ALDH enzyme ALDH1A1 in chapter 4. In current literature, ALDH1A1 is considered to 
be the most important enzyme that produces retinoic acid in the intestinal epithelial cells 
that line the intestinal wall and absorb dietary vitamin A. Contrary to our expectations, we 
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could not find any differences between normal and ALDH1A1 deficient mice with regard 
to the cells of the immune system in the gut. Surprisingly, we were also unable to measure 
differences in activity of ALDH enzymes in the epithelial cells of the small intestine. We 
reasoned that it is likely that there are compensation mechanisms in place that ensure 
that loss of ALDH1A1 does not result in a lower concentration of retinoic acid in the gut. 
Other ALDH enzymes may be able to compensate this loss. Together with chemists, we have 
therefore developed a chemical “fishing rod” that can bind to active ALDH enzymes. Using 
this fishing rod we found that the much lesser known ALDH enzyme ALDH1B1 showed high 
activity in the epithelial cells of the small intestine of ALDH1A1 deficient mice. The high 
activity of ALDH1B1 in the ALDH1A1 deficient mice could therefore explain why we could 
not find differences in immune phenotype in these animals.

To further investigate the role of ALDH1B1, we used mice that are deficient for both ALDH1A1 
and ALDH1B1 in chapter 5. Although we did not find any differences in ALDH activity in the 
intestinal epithelial cells in these mice, there are differences in the composition of the T 
helper cell populations in the small intestine. On the one hand we saw more activated T 
helper cells and on the other hand we saw less regulatory T helper cells. This indicates that 
mice deficient in both ALDH1A1 and ALDH1B1 have a more activated immune system in 
the gut, potentially creating a more pro-inflammatory environment. A pro-inflammatory 
environment in the gut is also what you would expect if retinoic acid levels in the small 
intestine are reduced. However, additional experiments are needed to further support this 
explanation. Nevertheless our results show that ALDH1A1 is not the only ALDH enzyme 
involved in balancing the immune system in the gut.

Finally, it is almost impossible to monitor retinoic acid in biological systems to date. This 
is due to the hydrophobic and light-sensitive nature of the molecule. As a result, further 
insights in the role of retinoic acid in biology has stagnated. That is why we have developed 
another chemical fishing tool together with chemists. Instead of acting as a fishing rod, 
this tool works more like a chemical float. In terms of molecular structure, the chemical 
float is very similar to retinoic acid, but has a small addition to which we can attach a 
molecule to visualize the float. We show in chapter 6 that cells react very similarly when we 
compare retinoic acid to our chemical float. We also show a number of methods by which 
the chemical float can be found. Because the float acts as a surrogate for retinoic acid, we 
can now visualize and track the location of retinoic acid in the cell. In the future, we hope 
that our chemical float can help answer outstanding questions such as how retinoic acid is 
transferred from cell to cell and how retinoic acid behaves in the cell.

This thesis shows that retinoic acid plays an important role in the immune system. However, 
there still are many outstanding questions about the exact role of retinoic acid in the immune 
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system. The effect of retinoic acid on T cells is probably determined by the interaction of 
retinoic acid and other factors in the local microenvironment. How this works exactly will 
have to be investigated further. The role of ALDH enzymes in balancing the immune system 
in the gut also turned out to be more complex than expected in our study. Nevertheless, 
we hope that the chemical rods and floats that we have developed together with chemists 
will help answer outstanding questions. Hopefully, by discovering the exact mechanisms 
by which retinoic acid affects the immune system, we can find new clues that could form 
the basis for developing therapies against chronic inflammatory diseases in the future.
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