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Abstract 

Background  Interstitial lung diseases (ILD) are a group of rare lung diseases with severe outcomes. The COST Innova-
tor Grant aims to establish a first-of-a-kind open-access Biorepository of patient-derived induced pluripotent stem 
cells (iPSC) and to train researchers in the skills required to generate a robust preclinical model of ILD using these cells. 
This study aims to describe and evaluate the effectiveness of a training course designed to train researchers in iPSC 
techniques to model ILD.

Methods  74 researchers, physicians and stakeholders attended the training course in Dublin in May 2022 with 31 
trainees receiving teaching in practical iPSC culturing skills. The training course learners were divided into the Hands-
on (16 trainees) and Observer groups (15 trainees), with the Observers attending a supervised live-streamed experi-
ence of the laboratories skills directly delivered to the Hands-on group. All participants were asked to participate 
in an evaluation to analyse their satisfaction and knowledge gained during the Training Course, with means com-
pared using t-tests.

Results  The gender balance in both groups was predominantly females (77.4%). The Hands-on group consisted 
mainly of researchers (75%), whereas all participants of the Observer group described themselves as clinicians. All 
participants in the Hands-on group were at least very satisfied with the training course compared to 70% of the par-
ticipants in the Observer group. The knowledge assessment showed that the Hands-on group retained significantly 
more knowledge of iPSC characteristics and culturing techniques compared to the Observers (* < 0.05; p = 0.0457). 
A comprehensive learning video detailing iPSC culturing techniques was produced and is included with this 
manuscript.

Conclusions  The majority of participants were highly or very satisfied with the training course and retained sig-
nificant knowledge about iPSC characteristics and culturing techniques after attending the training course. Overall, 
our findings demonstrate the feasibility of running hybrid Hands-on and Observer teaching events and under-
score the importance of this type of training programme to appeal to a broad spectrum of interested clinicians 
and researchers particularly in rare disease. The long-term implications of this type of training event requires further 
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Introduction
Interstitial lung disease (ILD) in adults are a group of 
devastating fatal lung diseases leading to scarring of the 
lung and death often within 3  years of diagnosis [1]. In 
children chILD are severe diseases with variable progno-
sis and eventual fibrosing evolution [2]. New antifibrotic 
medications offer hope of slowing disease progression 
in adults [3, 4], however, side effects and hepatic toxic-
ity caused by the approved drugs often lead to discon-
tinuation of medication by the patient [4]. Therefore, no 
proven effective cures are currently available for children, 
with lung transplant being the only effective option in 
end-stages lung fibrosis. [4] Genetic factors may cause 
or contribute significantly to the risk of developing ILDs 
and those patients with inherited forms of ILD may have 
a worse prognosis than sporadic-ILD, respond poorly to 
current treatments and some individuals may have seri-
ous adverse reactions to immunosuppression after trans-
plantation [5, 6].

Across Europe diverse mutations including telomere-
related genes (TRG), predominantly in adults, and more 
rarely surfactant related genes (SRG), mainly in children 
can lead to abnormal cell ageing and surfactant protein 
processing in lung alveolar epithelial cells, respectively 
[2, 7, 8]. The rarity of individual mutations contributes 
to a lack of basic mechanistic studies and randomised 
control trial data on effectiveness of treatments. Conse-
quently, management strategies derived from other dis-
eases are based on physicians’ experience and remain 
controversial.

The current-state-of-the-art preclinical models fail to 
accurately recapitulate the diverse genetic causes of ILD. 
Animal models, despite contributing to the development 
of new therapeutics cannot recapitulate the various dis-
ease presentations or progressive pathology, which char-
acterises the disease in humans. For example, exposure 
of mice to Bleomycin, the main preclinical model used 
to date cannot predict the clinical efficacy of candidate 
human therapeutics [9]. Human ex  vivo models like 
precision-cut lung slices are often only explanted from 
patients with end-stage fibrotic disease [10] limiting the 
study possibility of early disease. Together these limita-
tions of existing preclinical models limit researchers’ 
access to tissue that faithfully recapitulates normal and 
abnormal human lung biology creating a major hurdle 
to identifying and personalising treatments for patients. 

Induced pluripotent stem cells (iPSCs) are poised to over-
come these hurdles as they contain the unique genetic 
background of each individual, and have the capac-
ity for differentiation to relevant somatic cells. We have 
previously shown that we can employ patient-derived 
gene-edited iPSCs to generate alveolar epithelial cells 
and macrophages and successfully model ILD and other 
chronic lung diseases in  vitro [11–14]. However, wide-
spread adoption of these models in laboratories across 
the field has been slow due to several technical chal-
lenges. Therefore, we trained researchers in iPSC cultur-
ing techniques as part of a training course and prepared 
video protocols and a repository of research resources 
(Additional files 1 and 2) that will help researchers to set 
foot in the iPSC field.

The training course was funded by the COST Innova-
tor Grant “Open-ILD: An Open Access Repository of 
Pluripotent Stem Cells from Children and Adults with 
Interstitial lung disease” followed the COST Action 
European Network for Translational Research in Chil-
dren’s and Adult ILD (ENTeR chILD). ENTeR chILD, a 
network of multidisciplinary clinicians (paediatric and 
adult), scientists, and patients and their families, initiated 
a pan-European research network with the ultimate goals 
of delivering accurate and early diagnosis with struc-
tured, personalised, management and therapies. COST 
(European Cooperation in Science and Technology) is 
an EU-funded programme that was created to enable 
researchers to establish interdisciplinary research net-
works in Europe and other affiliated countries [15].

The aim of Open-ILD is to leverage this existing 
transdisciplinary network to establish a first-of-a-kind, 
Europe-wide open-access repository of patient-derived 
iPSC linked with highly phenotyped patient data to fill 
the unmet need for better preclinical models of ILD, 
thereby allowing for the identification of novel thera-
pies and modes of delivery. The establishment of this 
resource will foster a growing body of research across 
Europe to develop a robust preclinical model of ILD that 
can (a) explore pathogenesis (b) identify new patient-
specific druggable targets and (c) test novel compounds 
and inhaled modes of delivery for patients in vitro before 
clinical studies, leading to shortening of drug develop-
ment pipelines and reduction of toxic side effects.

One aim of the Open-ILD is to generate protocols 
and standard operating procedures for working with 

study to determine its efficacy and impact on adoption of iPSC disease modelling techniques in participants’ 
laboratories.
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Training course, COST Action IG16125
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iPSC and differentiating iPSC to lung organoids and 
macrophages. Additionally, during a training course, 
researchers were trained in the skills required to work 
with these cells to generate a robust preclinical model of 
ILD by expert members of the working group. This paper 
will detail the proceedings of the training course which 
occurred in Dublin in May 2022, measure and analyse the 
attendees’ knowledge of the skills and information taught 
and summarise the outcomes of the training course. 
Importantly, this paper offers a manual summarising the 
protocol (Additional file  2) and video protocols (Addi-
tional file 1) to help researchers in starting iPSC work.

Methods
Description of the training course
The training course was composed of Theoretical Ses-
sions giving background information about the learning 
material and Practical Sessions. It was held over two days 
at the RCSI Education & Research Centre, Smurfit Build-
ing, Beaumont Hospital. The Practical Sessions were 
delivered by a novel Hands-on/Observer Hybrid Model. 
Due to space constraints and the high number of appli-
cants, attendees were divided into two cohorts, namely 
“Hands-on” (16 trainees) and “Observers” (15 trainees). 
Allocation to these groups was dependent on the train-
ees’ previous laboratory-based experience (particularly 
in cell culture) and/or their area of research interest (e.g. 
pre-clinical modelling of lung disease). A camera was 
set up in one of the Class II Biosafety hoods where the 
trainers and Hands-on group were working, enabling a 
live video stream of the practical session to the Observer 
group in a lecture hall elsewhere in the building. The 
camera was positioned to record the cell culture tech-
niques (now edited with added narration and available 
in Additional file  1), and a sound link allowed constant 
communication between the trainer in the cell culture 

room and the trainer/expert leading the Observer ses-
sion. Members of the Observer group could therefore 
view and hear the practical sessions, as well as ask ques-
tions to the trainer.

Each trainee was given a training booklet covering the 
learning objectives and all the protocols of the practi-
cal sessions that can be found in the supplements of this 
paper (Additional file 2). The Learning Objectives of the 
Practical Sessions are shown in Table 1. The first day of 
the training course included lectures introducing par-
ticipants to the basic principles and techniques of iPSC 
culture and directed differentiation to alveolar cells and 
to macrophages. These were interspersed by three prac-
tical sessions where trainers demonstrated (i) passaging 
of iPSC, (ii) thawing of iPSC, and (iii) freezing of iPSC. 
In each of these sessions, members of the Hands-on 
group were divided into three smaller groups of 5–6 peo-
ple each and went to one of three cell culture laboratory 
rooms with an assigned trainer. The trainer demonstrated 
the protocol, explaining each step and including details/
tips that are often difficult to relay in a published proto-
col. These tips and details are summarised in our video 
protocols (Additional file 1). The Hands-on trainees then 
had a chance to practice the technique themselves, while 
the trainer provided guidance and answered questions 
from the group. In a fourth practical session, the first step 
of directed differentiation towards definitive endoderm 
was demonstrated by the trainers.

On the second day, both the Hands-on and Observer 
participants had the opportunity to examine by micro-
scope the thawed and passaged iPSCs from the previ-
ous day. Trainers advised on the quantity and quality of 
the colonies, and checked for spontaneous differentia-
tion. Trainers facilitated an interactive discussion, giving 
advice and feedback on what was observed. Previously 
prepared iPSC-derived macrophages and lung organoids 

Table 1  Learning objectives of the practical sessions

Session Learning objective

A To understand the principles and techniques for culturing iPSCs (based on the introductory lecture)

To understand the practical aspects of (i) how to coat plates with 2D Matrigel™ for iPSC culture, and (ii) how to passage iPSC on Matrigel 
using Gentle Cell Dissociation Reagent

B To understand the theoretical and practical aspects of thawing frozen stocks of iPSCs onto 2D Matrigel

C To understand the theoretical and practical aspects of making frozen stocks of iPSCs for long-term storage

D To understand the principles and mechanisms behind generating endoderm and subsequently lung progenitors and distal lung organoids 
from iPSCs using a directed differentiation protocol

To understand the principles and mechanisms involved in generating macrophages from iPSCs

To understand the practical aspects of preparing/seeding iPSCs for differentiation towards endoderm

E To recognise the expected microscopic appearance and characteristics of (i) iPSCs passaged in Session A; (ii) iPSCs thawed in Session B; 
and (iii) iPSCs seeded for endoderm differentiation in Session D

F To examine by microscope: (i) iPSC-derived macrophages, and (ii) iPSC-derived lung organoids
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were also available so that the trainees could see what the 
end product of differentiation would look like.

Implementation of a trainee survey and evaluation
After completion of the training course, all participants 
were asked to fill in an anonymous evaluation question-
naire (Additional file 3). All 16 participants of the Hands-
on group participated in the survey as did 10 of the 15 
attendees of the Observer group. The evaluation form 
was divided into four parts: (A) four questions about the 
attendee’s demographics (career position, age, pre-exist-
ing knowledge); (B) a survey of satisfaction with the train-
ing sessions generally and in terms of knowledge gained 
consisting of 14 questions with response scores from 1 to 
10 or 1 to 6; (C) two questions on the trainee’s self-esti-
mation of knowledge improvement (scored from 0 to 10); 
and (D) ten multiple choice questions assessing the train-
ee’s knowledge of the characteristics of iPSCs and their 
culturing techniques. We gathered and analysed the data 
within four weeks of the training course finishing. One 
question in part D (knowledge assessing question) was 
excluded from analysis due to a high similarity between 
proposed choices leading to multiple correct answers. 
For analysis purposes, the scores were divided into highly 
satisfied (9–10 out of 10; 6 out of 6), very satisfied (7–8 
out of 10; 5 out of 6), moderately satisfied (4–6 out of 10; 
3–4 out of 6) and not satisfied (1–3 out of 10; 1–2 out of 
6). Results of Hands-on participants and Observers were 
analysed separately, using a security protected Microsoft 
Excel database and graphs were drawn using GraphPad 
Prism. Means were compared using t-tests.

Results
Characteristics of training course attendees
We analysed the characteristics of the training course 
attendees based on the information gained upon reg-
istration and the survey results. A total of 33 out of 44 
candidates, representing 10 different countries (Fig.  1), 
were accepted to attend the training course. 31 candi-
dates attended as two candidates could not travel due 
to COVID-19 and visa restrictions. The trainees were 
divided into the Hands-on training group (n = 16) and 
the Observer group (n = 15) with 81.25% of partici-
pants of the Hands-on cohort and 40% of the Observer 
group reporting previous laboratory-based experience 
in cell culture (Fig.  2A). Women represented 77.4% of 
the trainees (Fig.  2B). All trainees from the Hands-on 
group (100%) and 10 trainees of the Observer group 
(66.7%) participated in the survey. The Hands-on group 
was composed of 12 researchers (75%) and four clinicians 
(25%), whereas all 10 participants of the survey (100%) 
in the Observer group described their position as Clini-
cian (Fig.  2C). In total, all but three participants in the 

Hands-on group (81.25%) were aged < 40  years and all 
trainees in the Observer group who completed the sur-
vey were < 40 years (100%) (Fig. 2D). 

Hands‑on group satisfaction with the training course 
and evaluation of their knowledge
We next assessed the attendee’s satisfaction with the 
practical Hands-on session using an anonymous survey 
applied directly after the training course. The satisfac-
tion could be rated from 1 to 10 and the responses were 
grouped into highly satisfied [9, 10], very satisfied [7, 8], 
moderately satisfied [4–6] and not satisfied [1–3]. All the 
participants in the Hands-on group were at least very 
satisfied or better (n = 16, 100%) with the in-lab sessions 
in general as well as their organisation (n = 16, 100%) 
(Fig.  3A). Additionally, the participants self-evaluated 
their degree of satisfaction and understanding of the 
individual sessions (A: Basics of iPSC Culture and Main-
tenance, B: Thawing iPSCs, C: Freezing iPSCs, D: Dif-
ferentiation of iPSCs, E: Evaluation of iPSC Cultures and 
Differentiation and F: Evaluation of iPSCs, Macrophages 
and Organoids). Here, the answers ranged from 1 to 6, 
with 6 being highly satisfied, 5 very satisfied, 3–4 mod-
erately satisfied and 1–2 not satisfied. In average the par-
ticipants were very satisfied (score 5.3 out of 6) with all 
sessions. However, Session D only scored a mean of 5 out 
of 6 (very satisfied). Sessions A, B and C scored the high-
est with a mean of 5.4 (very satisfied).

The evaluation of the trainees’ understanding of the 
individual training sessions showed that the mean score 
for all sessions combined was 5.6 (highly satisfied). Ses-
sion D and F scored the lowest with a mean of 5.4 (very 
satisfied) and Session B and C scored the highest with a 
mean of 5.7 (highly satisfied).

Additionally, trainees self-evaluated their overall 
improvement in practical and theoretical knowledge of 
iPSCs culturing techniques after the training course on 
a scale from 1 to 10. Overall, the majority of the partici-
pants (n = 13, 81.25%) were very satisfied or better with 
their practical knowledge improvement. When self-eval-
uating their theoretical knowledge improvement, 14 par-
ticipants (87.5%) were at least very satisfied (Fig. 3A).

Finally, the trainees’ knowledge of the characteristics 
of iPSC and techniques used to culture cells post train-
ing course was assessed using 9 multiple choice questions 
(MCQs) set by a team of experts from Open-ILD. Par-
ticipants in the Hands-on group answered 85.4% of the 
questions correctly with no questions left unanswered 
(Fig.  4A). The Hands-on group answered significantly 
better than the Observer group when counting unan-
swered questions as incorrect (85.4% vs 66.7%, t-test 
p = 0.045, Fig. 4C).
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Observer group satisfaction with the training course 
and evaluation of their knowledge
Using the same survey, we assessed the satisfaction of the 
participants within the Observer group. To compare the 
efficiency and satisfaction of both groups, their results 
were analysed separately. The majority of participants in 
the Observer group reported that they were at least very 
satisfied (n = 7, 70%) with the Observational sessions 
in general (Fig.  3B). The same results were seen for the 
organisation of the Observational sessions (n = 7, 70% 
very satisfied or higher). When scoring the satisfaction 
with the individual sessions, the average score was 4.7 
(very satisfied). Session C (Freezing iPSCs) scored low-
est with 4.6 (very satisfied), while Session F (Evaluation 

of iPSC, Macrophages and Lung Organoids) reached the 
highest score with 4.9 (very satisfied).

The same trend was seen in the self-evaluation of their 
understanding of the individual sessions. The mean score 
for all sessions was 4.5 (very satisfied). The highest mean 
score of 4.6 (very satisfied) was seen for session E (Evalu-
ation of iPSC Culture and Differentiation) and Session C 
(Freezing of iPSCs) again reached the lowest score of 4.4 
(moderately satisfied).

In contrast, when trainees self-evaluated their per-
sonal theoretical and practical knowledge improvement, 
the majority of the participants stated they were at least 
very satisfied (n = 8, 80%). Finally, when evaluating the 
Observer group’s knowledge of iPSC characteristic and 

Fig. 1  Origin of training course attendees. A A map identifying countries across the European Research Area from which attendee’s host 
institutions were located (n = 31). B A map showing the countries where researchers travelled to for Short-Term Scientific Missions (n = 8)
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culturing techniques using MCQ’s, results show that 
66.7% gave correct answers and 6.7% did not answer spe-
cific questions. Compared to the Hands-on group, the 
Observer group had a significantly lower score (Fig. 4C, 
t-test p = 0.0457).

Discussion
We established the first-of-its-kind multimodal hybrid 
training course to teach researchers to work with iPSCs 
to generate preclinical models of ILD. This training 
course funded by COST consisted of ’Hands-on’ (in the 
laboratory) and ’Observer’ groups in an adjacent tutorial 
room linked by live steaming video and audio. During 
the practical laboratory sessions iPSC culturing tech-
niques such as thawing, passing and freezing were dem-
onstrated and focused lectures were delivered to both 
groups. This multimedia report, together with accompa-
nying video protocols (Additional file 1) aims to describe 
the training course, the profile of the researchers attend-
ing, their previous experience, their satisfaction with 
the teaching  andan evaluation of knowledge gained at 
the training course. This report also provides a resource 
of video protocols (Additional file 1) and a repository of 

research protocols (Additional file 2) to researchers aim-
ing to work with iPSC to generate preclinical models of 
ILD. The results show that the approach employed to 
teach iPSC-culturing skills and understanding is feasi-
ble, effective and delivers a high degree of satisfaction for 
participants. This study also demonstrates that trainees 
retained a high degree of understanding of iPSC cultur-
ing techniques, rationale for their use and the application 
of iPSC-derived macrophages and lung organoids as pre-
clinical models of ILD.

We found that all participants in the Hands-on group 
(n = 16, 100%) and the majority in the Observer group 
(n = 7, 70%) were at least very satisfied with the train-
ing course overall (Fig. 3). Previously, a series of train-
ing courses held as part of the BM1303-DXDNet COST 
Action, demonstrated similar high trainee satisfaction 
[16]. When examining scoring of the individual sessions 
a mean of 85.63% (n = 13.7) of the Hands-on cohort 
reported being at least very satisfied compared to 72% 
(n = 7.2) of the Observer cohort. The understanding of 
the individual sessions was rated at least very satisfying 
by a mean of 90.63% (n = 14.5) in the Hands-on group 
but only 53.3% (n = 5.33) of the Observer group. This 

Fig. 2  Analysis of training course attendees. A Previous laboratory-based experience in cell culture in the Hands-on (n = 16) and the Observer 
group (n = 10) based on survey results. B Gender distribution of all attending trainees in the Hands-on (n = 16) and Observer group (n = 15) based 
on inscription data. C Professional distribution of the trainees in the Hands-on and Observer group in %. (n = 26; 12 Researcher, 14 Clinicians) based 
on survey results. D Age distribution (< 40 years of > 40 years) of trainees in the Hands-on and Observer group in % (n = 26; 23 < 40, 3 > 40) based 
on survey results
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difference in satisfaction with understanding may be 
due to the higher levels of previous laboratory experi-
ence reported in the Hands-on group (Fig. 2A) as well 
as the difference in reported profession (Researcher 
or Clinician, Fig.  2C). These differences between 
Hands-on and Observer Groups were also reflected 
in the result of the analysis of the knowledge ques-
tions (Fig. 4) where significantly more attendees in the 
Hands-on group answered the questions correctly com-
pared to the Observer group (85.4 vs 66.7%, p = 0.0457) 
(Fig.  4C). However, these results may reflect baseline 
differences in knowledge in the Hands-on versus the 
Observer Groups. Overall, these findings support the 
benefits of a training course model, while also suggest-
ing that in future training courses, special attention 
should be given to the pre-existing knowledge of indi-
vidual participants. Additional background information 

could be delivered to those that have less knowledge 
before the start of the training course.

The Hands-on/Observer hybrid model employed in 
this training course is commonly used in surgical educa-
tion and found particular utility during the COVID-19 
pandemic where restrictions severely limited in-person 
training [17]. In the surgical model surgeries and proce-
dures are live-streamed and real-time communication 
between the surgeon and students is possible. Stud-
ies have shown the potential of this model to improve 
surgical education [18, 19]. However, the use of this 
hybrid model in a laboratory-based setting has not been 
reported to date. Our study evaluated the feasibility, 
trainee satisfaction and knowledge retention offered by 
this method in the laboratory setting. Additionally, in line 
with the goals of WG2, this hybrid model allowed for the 
development of video protocols (Additional file 1) which 

Fig. 3  Trainee satisfaction with the training course. Survey of trainee satisfaction with the training course for A Hands-on trainees (n = 16) 
and B Observers (n = 10). (Session a) Basics of iPSC Culture and Maintenance; (Session b) Thawing iPSCs; (Session c) Freezing iPSCs; (Session d): 
Differentiation of iPSCs; (Session e) Evaluation of iPSC Culture and Differentiation, (Session f ) Evaluation of iPSCs, Macrophages and Lung Organoids
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will be of great use to researchers beginning to work with 
iPSCs, thus highlighting the flexibility and benefits of this 
novel hybrid model.

Over three quarter of the participants in the COST 
Open ILD training course were female. Additionally, 88% 
of the participants were younger than 40 years. Of note, 
these numbers do not include the trainees that were not 
taking part in the survey. A study by Plank-Bazinet and 
colleagues shows that women are well represented in 
doctoral degree programmes but account for less than 
half of the academic medicine faculty positions [20]. In 
addition, a survey of the Association of American Medi-
cal Colleges entitled ‘The State of Women in Academic 
Medicine’ found that although more women than men 
are enrolled in Biological and Medical Sciences Doctor-
ate Programs, the number of male post doctorates in this 
field is higher compared to female [21]. The same trend 
towards male postdoctoral scientists in Biological and 
Biomedical sciences was found by the National Center 
for Science and Engineering Statistics [22]. Consistent 
with the literature we found that while 75% of the par-
ticipants in the practical part of the training course were 
female only 40% of the speakers invited to the lecture 
series section of the training course were female (Addi-
tional file 4: Fig. S1).

As a result of the networking opportunities obtained 
at the training course eight short term scientific missions 
(STSM) were agreed and arranged. These STSMs funded 
eight early-stage researchers to travel to laboratories 
or clinical services across the European Research Area 
(ERA) to carry out research in topics related to the aims 
of the CIG. These STSMs included projects related to 

further training in iPSC and other cellular models of ILD 
and assessing diagnostics and clinical services for patients 
with chILD. As of the end of the one year term of CIG 
and 6 months after the training course, newly established 
collaborations have supported successful grant applica-
tions to the 2022 European Research Council, abstracts 
to the European Respiratory Society (ERS) Congress in 
Barcelona 2022 and Milan 2023 and numerous opportu-
nities for future grant applications and publications. Fur-
thermore, new connections have been established with 
other COST Actions including CA20140—CorEuStem: 
The European Network for Stem Cell Core Facilities, the 
European ILD Registry and Biobank (eurILDreg) and the 
ERS Children’s Interstitial lung disease Clinical Research 
Collaboration (ChILDEU CRC). This training course in 
conjunction with the COST Action CA16125 has led to 
the establishment of three new European wide cohorts 
of patients with chILD including those focused on (a) 
Neuroendocrine Cell Hyperplasia of Infancy (NEHI), (b) 
ABCA3 mutation related chILD and (c) diffuse alveolar 
haemorrhage (DAH).

Recommendations for those running a practical laboratory 
skill‑based training course

•	 Keep the trainer to trainee ratio small to ensure opti-
mal supervision.

•	 A hybrid teaching model of a Hands-on group and 
Observer group is feasible and gives more partici-
pants the opportunity to learn about the cell culture 
techniques while allowing more tailored information 

Fig. 4  Knowledge of trainees after the training course. Knowledge survey after the training course for A Hands-on group of trainees (n = 16) 
and B Observer group of trainees (n = 10). C t-Test of knowledge about iPSC culture of Hands-on cohort (n = 16) vs. Observer group (n = 10) as result 
of 9 multiple choice knowledge questions in the survey (* < 0.05; p = 0.0457)



Page 9 of 10Schweikert et al. Stem Cell Research & Therapy          (2023) 14:377 	

to be delivered to those with and without prior cell 
culturing experience.

•	 Dividing the practical laboratory sessions into short 
interactive sessions allows trainees enough time for 
questions and discussions improving knowledge and 
skills acquisition.

•	 Providing a Laboratory Handbook containing proto-
cols before the training course improves satisfaction 
and knowledge acquisition (Additional file 2).

•	 Delivering important background information in 
introductory lectures before the corresponding prac-
tical session supports trainees with less pre-existing 
knowledge of the subject.

Limitations
Several limitations to this study are important to high-
light. While this study aims to investigate the immedi-
ate satisfaction and knowledge retention of the trainees 
after the training course it is possible that differences in 
knowledge improvement between the Hands-on and 
Observer groups is due to pre-existing knowledge in the 
more experienced, researcher predominant Hands-on 
group. The Hands-on group described themselves as hav-
ing more general cell culture experience and self-identi-
fied as researchers rather than clinicians. However, only 
two participants in the Hands-on group report having 
specific iPSC culture experience. To further investigate 
the important medium and long-term effectiveness of the 
training course in terms of knowledge retention, imple-
mentation of iPSC disease modelling in home institu-
tions and its outcomes on career progression, a follow-up 
questionnaire in 12  months’ time would be needed and 
is planned. Previously, Bertalan et  al. [16] carried out a 
longitudinal study utilizing a follow-up questionnaire. 
This study illustrated the beneficial long-term impact of 
a training course model with almost 95% of the training 
course attendees still involved in the field [16]. It would 
be interesting to investigate if similar effects are observed 
in our training course model and whether the different 
groups show varied outcomes. Furthermore, assessing if 
future grants and collaborations were successful would 
require a longer-term study of outcomes which is also 
planned.

Conclusions
This study highlights the feasibility, effectiveness and 
high levels of trainee satisfaction delivered by our 
novel Hands-on and Observer group hybrid teaching 
method used at the COST training course in Dub-
lin. Trainees of both groups retained a high degree 
of knowledge of iPSC characteristics and culturing 

techniques after the training course and the network-
ing opportunities at the training course led to multi-
ple successful scientific missions to host institutions 
across the ERA. Additionally, we have shown that the 
use of a hybrid model can have the dual effect of teach-
ing a larger group of researchers while also providing 
an invaluable resource of video protocols, describ-
ing the techniques explored in the training course. 
We have shown that this new approach to teaching 
can advance the understanding of novel techniques 
and encourages the adoption of innovative methods 
such as iPSC-derived alveolar cells and macrophages 
to model rare lung diseases. This should lead to the 
establishment of new research networks and ultimately 
better treatments for patients.

Abbreviations
COST	� European Cooperation in Science and Technology
ENTeR chILD	� European Network for Translational Research in Children’s and 

Adult ILD
ILD	� Interstitial lung diseases
iPSC	� Induced pluripotent stem cell
MCQ	� Multiple choice question
SRG	� Surfactant related genes
TRG 	� Telomere related genes
WG	� Working group

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13287-​023-​03598-9.

Additional file 1. Training course video: A comprehensive learning video 
detailing iPSC culturing techniques. 

Additional file 2. Training booklet: Booklet covering the learning objec-
tives and all the protocols of the practical sessions of the training course. 

Additional file 3. Questionnaire to determine satisfaction and knowledge 
of the trainees after the training course. 

Additional file 4. Fig: S1. Gender distribution of the speakers of the COST 
Action conference.

Acknowledgements
We acknowledge the organisational support provided by the Royal College of 
Surgeons in Ireland Estates Department, Communications Department, Ray 
Lohan of Media Services and Olive McCabe from the Department of Molecular 
Medicine for her impressive and essential organisational skills. We thank Lor-
raine Nolan-Daly for her essential organisational support. We thank Wan Lin 
Ng for her support throughout the training course. We would like to thank 
the European Lung Foundation, the European Idiopathic Pulmonary Fibrosis 
Foundation (EU-IPFF) and the Irish Lung Fibrosis Association (ILFA) for their 
support and their invaluable patient perspective. We thank David and Katie 
Crosby for their personal patient view and support for this training course. We 
acknowledge the contribution of the members of the European Respiratory 
Society’s Children’s interstitial lung disease Clinical Research Collaboration 
(ChILD EU CRC). We acknowledge the original funding opportunity COST 
Action CA16125 ENTER chILD EU and direct funding from the COST Innovator 
Grant (CIG 16125) and the Health Research Board, Ireland for the training 
course at this publication. 
COST Open-ILD Group Management Committee: Killian Hurley (Chair), Debo-
rah Snijders (Vice Chair), Nicolaus Schwerk, Nico Lachmann, Matthias Griese, 
Daniel O’Toole and Raphael Borie.

https://doi.org/10.1186/s13287-023-03598-9
https://doi.org/10.1186/s13287-023-03598-9


Page 10 of 10Schweikert et al. Stem Cell Research & Therapy          (2023) 14:377 

Author contributions
AS, SK, IKO, NN, and KH contributed to conceptualisation; KH, NN, NL contrib-
uted to methodology; AS, SK, TDL, CF, IG and NN data curation; AS, SK, AG, 
CDS, TDL, CF, NN and KH helped in writing—original draft preparation; AS, SK, 
AG, CDS, IKO., TDL, CF, NL, NN and KH helped in writing—review and editing; 
KH supervision; KH and NN project administration; DS and KH funding acquisi-
tion. All authors have read and approved the final manuscript.

Funding
This work was supported by the COST Innovator Grant (CIG16125) and 
the Health Research Board, Ireland, Emerging Clinical Scientist Award 
(ECSA-2020–011).

Availability of data and materials
All data generated or analysed during this study are included in this published 
article [and its additional files].

Declarations

Ethics approval and consent to participate
No patients were involved in this study of attendee satisfaction and knowl-
edge and in line with institutional guidelines no ethics approval was required. 
Adult participant consent was given for the retention and analysis of attendee 
data.

Consent for publication
Adult participant consent was given for publication.

Competing interests
The authors declare that they have no conflict of interest.

Author details
1 Department of Medicine, Royal College of Surgeons in Ireland, Education 
and Research Centre, Beaumont Hospital, Dublin 9, Ireland. 2 Tissue Engineer-
ing Research Group, Royal College of Surgeons in Ireland, Dublin 2, Ireland. 
3 School of Medicine, Trinity Biomedical Sciences Institute, Trinity College 
Dublin, Dublin 2, Ireland. 4 Department of Clinical Microbiology, Royal College 
of Surgeons in Ireland, Dublin 9, Ireland. 5 School of Pharmacy and Biomolecu-
lar Sciences, Royal College of Surgeons in Ireland, Dublin 2, Ireland. 6 Depart-
ment for Pediatric Pneumology, Allergology and Neonatology, Hannover 
Medical School, Hannover, Germany. 7 Cluster of Excellence – Resolving Infec-
tion Susceptibility (RESIST, EXC 2155), Hannover Medical School, Hannover, 
Germany. 8 Biomedical Research in Endstage and Obstructive Lung Disease 
Hannover (BREATH), German Center for Lung Research, Hannover, Germany. 
9 Regenerative Biology to Reconstructive Therapy (REBIRTH) Center for Trans-
lational and Regenerative Medicine, Hannover Medical School, Hannover, 
Germany. 10 Laboratory of Childhood Genetic Disorders Inserm UMR_S933, 
Armand Trousseau Hospital, Sorbonne University, Paris, France. 11 Department 
of Woman and Child Health (SDB), Primary Ciliary Dyskinesia Centre, University 
of Padova, Padua, Italy. 12 Pediatric Pulmonology Department and Reference 
Centre for Rare Lung Diseases RespiRare, Armand Trousseau Hospital, APHP 
Sorbonne University, Paris, France. 

Received: 22 March 2023   Accepted: 4 December 2023

References
	1.	 Travis WD, Costabel U, Hansell DM, King TE Jr, Lynch DA, Nocholson AG, 

Ryerson CJ, Ryu JH, Selman M, Wells AU, Behr J, Bouros D, Brown KK, Colby 
TV, Collard HR, Cordeiro CR, Cottin V, Crestani B, Drent M, Dudden RF, Egan 
J, Flaherty K, Hogaboam C, Inoue Y. ATS/ERS committee on idiopathic 
interstitial pneumonias. An official American thoracic society/European 
respiratory society statement: update of the international multidisciplinary 
classification of the idiopathic interstitial pneumonias. Am J Respir Crit Care 
Med. 2013;15(6):733–48.

	2.	 Nathan N, Berdah L, Delestrain C, Sileo C, Clement A. Interstitial lung dis-
eases in children. Presse Med. 2020;49:103909.

	3.	 Noble PW, Albera C, Bradford WZ, Costabel U, Glassberg MK, Kardatzke 
D, King TE Jr, Lancaster L, Sahn SA, Szwarcberg J, Valeyre D, du Bois RM. 

Pirfendione in patients with idiopathic pulmonary fibrosis (CAPACITY): two 
randomised trials. Lancet. 2011;377:1760–9.

	4.	 Richeldi L, du Bois RM, Raghu G, Azuma A, Brown KK, Costabel U, Cottin 
V, Flaherty KR, Hansell DM, Inoue Y, Kim DS, Kolb M, Nicholson AG, Noble 
PW, Selman M, Taniguchi H, Brun M, Le Maulf F, Girard M, Stowasser S, 
Schlenker-Herceg R, Disse B, Collard HR. Efficacy and safety of nintendanib 
in idiopathic pulmonary fibrosis. N Engl J Med. 2014;370:2071282.

	5.	 García-Sancho C, Buendía-Roldán I, Fernández-Plata MR, Navarro C, 
Pérez-Padilla R, Vargas MH, Loyd JE, Selman M. Familial pulmonary fibrosis 
is the strongest risk factor for idiopathic pulmonary fibrosis. Respir Med. 
2011;105(12):1902–7.

	6.	 Cutting CC, Bowman WS, Dao N, Pugashetti JV, Garcia CK, Oldham JM, 
Newton CA. Family history of pulmonary fibrosis predicts worse survival in 
patients with interstitial lung disease. Chest. 2021;159:1913–21.

	7.	 Nogee DA, Dunbar AE 3rd, Wert SE, Askin F, Hamvas A, Whitsett JA. A muta-
tion in the surfactant protein C gene associated with familial interstitial lung 
disease. N Engl J Med. 2001;344(8):573–9.

	8.	 Armanios MY, Chen JJL, Cogan JD, Alder JK, Ingersoll RG, Markin C, Lawson 
WE, Xie M, Vulto I, Philips JA III, Lansdorp PM, Greider CW, Loyd JE. Telomer-
ase mutations in families with idiopathic pulmonary fibrosis. N Engl J Med. 
2007;356:1317–26.

	9.	 Carrington R, Jordan S, Pitchford SC, Page CP. Use of animal models in IPF. 
Pulm Pharmacol Ther. 2018;51:73–8.

	10.	 Alsafadi HN, Staab-Weijnitz CA, Lehmann M, Lindner M, Peschel B, König-
shoff M, Wagner DE. An ex vivo model to induce early fibrosis-like changes 
in human precision-cut lung slices. Am J Physiol Lung Cell Mol Physiol. 
2017;312(6):L896-902.

	11.	 Ackermann M, Hashtchin AR, Manstein F, Oliveira MC, Kempf H, Zweigerdt 
R, Lachmann N. Continuous human iPSC-macrophage mass production by 
suspension culture in stirred tank bioreactors. Nat Protoc. 2022;17:513–39.

	12.	 Jacob A, Morley M, Hawkins F, Guttentag SH, Beers MF, Kotton DN. Dif-
ferentiation of human pluripotent stem cells into functional lung alveolar 
epithelial cells. Cell Stem Cell. 2017;21:472–88.

	13.	 Alysandratos KD, Russo SJ, Petcherski A, Taddeo EP, Acin-Perez R, Villacorta-
Martin C, Jean JC, Mulugeta S, Rodriguez LR, Blum BC, Hekman RM, Hix OT, 
Minakin K, Vedaie M, Kook S, Tilston-Lunel AM, Varelas X, Wambach JA, Cole 
FS, Hamvas A, Young LR, Liesa M, Emili A, Guttentag SH, Shirihai OS, Beers 
MF, Kotton DN. Patient-specific iPSCs carrying an SFTPC mutation reveal the 
intrinsic alveolar epithelial dysfunction at the inception of interstitial lung 
disease. Cell Rep 2021;36.

	14.	 Strikoudis A, Cieślak A, Loffredo L, Chen YW, Patel N, Saqi A, Lederer DJ, 
Snoeck HW. Modeling of fibrotic lung disease using 3D organoids derived 
from human pluripotent stem cells. Cell Rep. 2019;27:3709–23.

	15.	 COST. http://​www.​cost.​eu/. Accessed 11 Oct 2022.
	16.	 Bertalan R, Lucas-Herald A, Kolesinska Z, Berra M, Cools M, Balsamo A, Hiort 

O. Evaluation of DSD training schools organized by cost action BM1303 
“DSDnet.” Orphanet J R Dis. 2018;13:1–8.

	17.	 Shiozawa T, Butz B, Herlan S, Kramer A, Hirt B. Interactive anatomical and 
surgical live stream lectures improve students academic performance in 
applied clinical anatomy. Anat Sci Educ. 2017;10:46–52.

	18.	 van Bonn SM, Grajek J, Schneider A, Oberhoffner T, Mlyndki R, Weiss NM. 
Interactive live-stream surgery contributed to surgical education in the con-
text of contact restrictions. Eur Arch Otorhinolaryngol. 2022;279:2865–71.

	19.	 Jack MM, Gattozzi DA, Camarata PJ, Shah KJ. Live-streaming surgery for 
medical student education–educational solutions in neurosurgery during 
the COVID-19 pandemic. J Surg Educ. 2021;78:99–103.

	20.	 Plank-Bazinet JL, Heggeness ML, Lund PK, Clayton JA. Women’s careers in 
biomedical sciences: implications for the economy, scientific discovery, and 
women’s health. J Women’s Health. 2017;26(5):525.

	21.	 Association of American Medical Colleges. The state of women in academic 
medicine 2018–2019: exploring pathways to equity. Assoc Am Med Coll 
2020.

	22.	 National Center for Science and Engineering Statistics. Survey of doctorate 
recipients; 2019.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://www.cost.eu/

	An evaluation of an open access iPSC training course: “How to model interstitial lung disease using patient-derived iPSCs”
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Description of the training course
	Implementation of a trainee survey and evaluation

	Results
	Characteristics of training course attendees
	Hands-on group satisfaction with the training course and evaluation of their knowledge
	Observer group satisfaction with the training course and evaluation of their knowledge

	Discussion
	Recommendations for those running a practical laboratory skill-based training course
	Limitations

	Conclusions
	Anchor 19
	Acknowledgements
	References


