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1 Introduction

When I was in junior middle school, we were asked to make a collage about how we imagined our lives would look like at the age of 30. Given that for a teenager turning 30 was - at least for me - a great life milestone, I pictured myself in full bloom of an adult, potentially at the peak of my career. Hence, my collage had a woman in the center and everything else, such as activities, friends, career, and romantic relationships, were in a circle around the woman (the future me!). I guess I put myself in the middle, as I was raised to believe that I could accomplish anything if I tried hard enough and am determined to give it my best.

However, when I grew older, I realized that this general view I had, was not shared by everyone. Even though I successfully completed my PhD just recently, the journey towards it was not a smooth ride. I encountered several difficulties, especially as some people perceived and discouraged me based on my unusual curriculum vitae (CV) but also based on my gender. Given my strong belief to follow what I love to do and my unwillingness to accept these opinions, I faced the odds and challenges. However, I feel if this happened to me, this might also happen to others, who might be discouraged to follow their dreams.

Hence, when I read the call of this special issue, I immediately felt I would like to contribute to this topic and take the opportunity to share my story – the achievements and in particular the challenges – to make a statement, but also to encourage others in similar situations to follow their own path.



2 Achievements

After completing my A-levels, I started an apprenticeship as biological technical assistant. I was fascinated by natural science since visiting the Bernhard-Nocht Institute for Tropical Medicine in Hamburg during a school trip. However, I could not picture what life as a scientist would be like and if I enjoy working in a lab. Therefore, I did not study immediately, but trained as technician. I worked as a technician for four years, became fascinated by immunology, and my work was honored by several co-authorships (1–6). However, at the age of 25, I decided I would like to do more than conducting experiments for others. I wanted to understand the results, get a bigger picture, and most importantly, write the publications myself.

Hence, I started my undergraduate studies in Molecular Biomedicine at the Rheinische Friedrich-Wilhelms-Universität Bonn in 2013 at the age of 25, which was four to seven years older than the average student. To further strengthen my immunological background, I studied Integrated Immunology at the University of Oxford in 2016 at the age of 28. Here, I published my first review focusing on the development of murine invariant natural killer T cells (7).

As my interest in unusual immune cell subsets grew, I started my PhD in 2017 at the age of 29 focusing on human innate lymphoid cells (ILCs) in Germany.


2.1 Human Innate Lymphoid Cells in Umbilical Cord Blood

Starting my PhD in a scientifically young field, which was also new territory for the group, was an additional challenge. Hence, one dives into literature and at first, the ILC field seemed very straightforward: Human ILCs have a lymphoid morphology and no rearranged receptors on the cell surface (8), they are classified into three different subsets, which mirror T cell functionality (9): ILC1 secreting IFNγ and expressing TBET (10), ILC2 secreting IL-4, IL-5, and IL-13 (11), and ILC3 secreting IL-22 and IL-17A (12) depending on their NKp44 expression (13). When studying the role of human ILCs closely, dual – beneficial as well as harmful – roles have been described during different pathological settings, whereas especially tissue-resident IL-22 secreting human NKp44+ILC3 seemed to be highly beneficial in gastrointestinal transplantations, preventing GvHD after HSCT, and might decrease morbidity in patients with IBD [reviewed by us (14)]. However, later it became obvious that human ILCs are not so straightforward after all.

We started to look at ILCs in umbilical cord blood (CB), as human ILC developmental pathways and their direct precursors are not yet fully understood, and hardly any data existed on circulating ILCs at that time. Even though some publications showed CB ILC data (15–19), no study focused entirely on the phenotype, transcriptome, or functional capacity of human CB ILCs, although CB ILC frequencies were significantly higher compared to circulating ILCs from children and adults, they are still rare and usually have a frequency of less than 1% (20). Of note, we could later show total ILC frequencies drop even further in elderly adults (21) potentially due to a migration into tissues during inflammatory processes by cytokines or chemokines, as suggested (21, 22).


2.1.1 Cord Blood ILCs Are Not Like Their Tissue-Resident Counterparts

In order to study CB ILCs in more detail, we developed a flow cytometry staining panel for their faithful identification (23). Given that ILCs are very rare and ILC1s were, and still are, the least well-defined subset, the composition of the lineage (lin) cocktail is essential to exclude unwanted cell populations, especially in precursor enriched sources such as CB. In the next step we focused on the functional capacity of CB ILCs. Surprisingly, unlike tissue-resident ILCs, we observed CB ILC1 and ILC3 to be mostly unresponsive to the classical interleukin stimuli reported in literature, except for a small subpopulation of CD161+ILC1 (21), while CB ILC2 were fully functional (24). It took the first 6-month of my PhD to accept as well as believe in these results and to rule out any possible experimental issues. As we were new to the field, we could not believe this at first. Once convinced, we renamed CB ILC1 and ILC3 to ILC1-like and ILC3-like cells to stress the fact that they are not identical compared to their tissue counterparts (21).



2.1.2 Cord Blood ILC3-like Cells May Play an Important Role for Pre-Birth Innate Defense

Nevertheless, in line with tissue-resident ILC3 (25), CB ILC3-like cells were able to secrete LIF when additional IL-2 was added. LIF has been described to be vital for implantation and maintenance of pregnancies and trophoblast differentiation suggesting an important role of CB ILC3-like cells for pregnancies homeostasis (26, 27). Strikingly, CB ILC3-like cells were fully functional when stimulated by an experimental TLR2:1 ligand Pam3CSK4 and IL-2 (24). The capacity to sense conserved pathogen-associated molecular patterns (PAMPs) is a typical innate feature and suggests that CB ILC3-like cells might be vital for the first line of defense against different pathogens (28) passing the placental barrier, such as Toxoplasma gondii (29), which is a threat to the fetus health. This is also of basic interest, as CB ILC3-like cells as well as PB ILC3, also known as ILC precursor (ILCP), have been described to differentiate into all three ILC subsets and NK cells (15) suggesting some precursors might have multiple potential of innate immune defenses, homeostasis as well as differentiation capacity.



2.1.3 Cord Blood ILCs Have a Unique Transcriptional Profile

We further conducted the first bulk transcriptomic analyses of CB ILCs. The three CB ILC subsets shared nine differentially expressed genes compared to CD56bright NK cells. One of these genes, the transcription factor (TF) inhibitor of DNA binding 3 (ID3) caught our attention, as the helix-loop-helix TF ID2 has been previously assumed to constitute a major TF for murine and human ILCs (18, 30, 31). Upon further analysis, we observed a unique ID3/ID2 ratio > 1 within CB ILCs (24), but not in CB NK cells, PB ILCs taken from a published data set (32), or tonsillar ILC3. This unusual ID3/ID2 ratio > 1 was also observed in CB CD4+ T cells, but not in CB CD8+ T cells or both PB T cell subsets (24) suggesting that CB ILCs may have different, unique transcriptional profiles compared to PB ILCs and might have a shared developmental pathway with T cells, potentially within the thymus. In line with this, CB ILCs, especially CB ILC1-like cells, clustered closer to T cells, while CB ILC3-like cells clustered closer to NK cells (24).



2.1.4 Cord Blood ILC1-Like Cells Are a Potent In Vitro Precursor of KIR+ NK Cells

Another exciting discovery we made, was while working with CB ILC1-like cells. A comparison of the transcriptome of CB ILC1-like cells to CD56bright and CD56dim NK cells, both formerly located within group 1 ILCs (8), revealed that most differentially expressed genes within CB ILC1-like cells compared to NK cells were T cell-associated genes, such as CD5 and CCR7 (21). Of note, this was previously reported in tonsillar ILC1 (33) and PB ILC1 (32, 34). As most CB ILC1-like cells were immature, we suspected ILC1-like cells to be precursors. Indeed, within bulk and single cell cultures CB ILC1-like cells differentiated into fully functional mature NKG2A-KIR+NK cells exhibiting a broad KIR repertoire, which was not seen in parallel cultured CD56bright NK cells (21). Hence, CB ILC1-like cells represent a novel NK precursor (NKP) able to generate NK cells with complex KIR repertoires in vitro.

Previously reported NK cell precursors have been described to express CD34 or CD117 (35), however CB ILC1-like cells lack both (21). Our data suggests that NK development is not based on a linear (35) but rather a branched model (36, 37) and in fact, CB ILC1-like NKPs and circulating CD56bright NK cells might both contribute to the CD56dim NK cell pool. In this model, CD56bright NK cells would maintain NKG2A:CD94 expression and up-regulate KIR, while CB ILC1-like NKPs downregulate NKG2A, but keep KIR expression (21). We further observed a significant decline in CB ILC1-like frequencies and cell count with increased gestational age (21), which is in line with ‘ILC-poiesis’ suggesting circulating ILCs to migrate into tissues (22). Taking the findings together, we propose that fetal ILC1-like cells enter the bloodstream from hematopoietic sites before migrating into secondary lymphoid tissues via CCR7. Following maturation into NK cells in the SLNs, they would be release into circulation post-birth to contribute to the formation of complex KIR repertoires.



2.1.5 Future Directions on Human ILCs

CB ILCs intrigue and challenge me, as the data we generated was unexpected, but totally fascinating at the same time: CB ILCs are dominantly immature, have a different transcriptional identity and harbor a very potent NK precursor. Many times, we had to think out-side the box. Our research raised several questions: Where do circulating ILCs come from and what is their purpose? Where do they go and how? When and how does the transcriptome of human ILCs change – directly post-birth or during ageing? Furthermore, more insight into the developmental relationship between CB ILC1-like cells and CD56dim NK cells is needed. And I can honestly say that I would be delighted to help to address these questions in the future.





3 Challenges


3.1 Studying as a Mature Student

During my undergraduate degree, I was deeply worried about my chances to graduate at all. Even though evidence suggests that more mature students do well in academia due to their unique attributes (38), I could not see my advantages during the first two years. Furthermore, I knew studies also suggest students admitted via waiting list quotas were less likely to do well in medical studies (39), which is understandable when they have to worry about finances or childcare (38). I must admit, I have never looked for mentoring programs or support groups during my undergraduate degree or graduate studies. However, it might be nice to have tutors for mature students, who also entered as mature students. I had no idea about life as a student and I spend the first year figuring out how to study, as I was out of school for 6 years. I felt pressured, I simply forgot a lot of things, which my fellow students - coming right from school - still remembered. Therefore, I felt the need to study very hard to succeed. When I later talked to some of my fellow students, I realized they were also lost at first. For some, it was the first time living alone and away from home, and the study curriculum was also hard for them.

It took me a long time to realize that my “maturity” should not be considered a disadvantage, but rather as an opportunity. When I applied to a two-month internship in Oxford the PI chose me since I already had lab experience and he specifically asked if I could adjust quickly to the new lab. I had an amazing time. Given my technical background, I work very efficiently, paralleling experiments, and adapting cost-effectiveness. I also had the impression during my interview with Oxford that my unusual CV was seen as a strength rather than a weakness. Oxford is also a very international place with very interesting people, who all have their unique stories, so my CV was just one of many. I also had a tutor from my college, who met with me regularly to discuss how I am doing and discuss my future plans. During my PhD, I was more open about my feelings. Interestingly, I had the same issues as other (most of the time younger) PhD students, as PhD work can feel like a constant up and down between success, failure, and pressure.



3.2 What About Children?

Since turning 30, I am constantly asked when I will get married and have children. On the one hand, one feels rather pressured to give in to the society’s needs of starting a family, but as a female researcher, I have doubts. Especially when people tell you – as they told me – that I would never become a successful scientist and might not be able to start my own group, because I am not young enough and most importantly because I am female. I know that this burning question ‘when is the best time to start a family?’ is not only in my head, but in many heads of women all over the world across all ranges of age.

Unfortunately, the fear is not completely unjustified. Evidence exists mothers, but not fathers, are penalized during job recruitments (40). To make matters worse, mothers who spend 3-month in parental leave to re-start their career early are discriminated with significantly lower invited interviews compared to mothers with 12-month parental leave, while men`s parental leave duration had no impact (41) suggesting women are at a disadvantage anyway. Especially in academia where contracts are mostly short-term, and pressure is very high to accomplish many things in short time periods. On the bright side, international awareness is growing and topics such as the question on how mothers are treated in academia is now a matter of public debate and was recently also featured in Nature (42). It is also encouraging that some grant givers have turned to a policy that enables grant extension for scientists based on the number of children. Nonetheless, if one feels a passion for science this should not discourage anybody to pursue a scientific career. In fact, my advice would be to turn it around and take hurdles as additional motivation just like I did, proving to yourself that you can do it.




4 Conclusion

After studying for seven years (2013–2021), I have successfully completed my PhD at the age of 33 in May 2021. My advice would be to speak up and to actively look for people, who might be able to help or ‘just’ listen. I recommend being yourself and acting upon your fundamental principles. I learned that you are judged by others whatever you do, but you should not define yourself based on this. Since I have my PhD, I feel as if the glass ceiling has been broken and I feel empowered. However, there are still times, when I felt and still feel pressured to make up for the time I worked as a technical assistant. Nevertheless, I am a very passionate, enthusiastic scientist and who knows what the future may hold, but third parties should not set your limits. I studied very hard for being where I am today, and I think it was worth the effort. I hope by sharing my story, I can encourage others to believe in themselves.
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