
1 
 

SUPPLEMENTAL MATERIAL 

 

Immortalized N/TERT keratinocytes as an alternative cell source in 3D human epidermal models 

 

Jos P.H. Smits1, Hanna Niehues1, Gijs Rikken1, Ivonne M.J.J. van Vlijmen-Willems1, Guillaume 

W.H.J.F.L. van de Zande2, Patrick L.J.M. Zeeuwen1, Joost Schalkwijk1, Ellen H. van den Bogaard1 

 

1Department of Dermatology, Radboud Institute for Molecular Life Sciences (RIMLS), Radboud 

University Medical Center (Radboudumc), PO BOX 9101, 6500 HB Nijmegen, The Netherlands. 

2Department of Human Genetics, Radboud University Medical Center (Radboudumc), PO BOX 9101, 

6500 HB Nijmegen, The Netherlands. 

 

Corresponding author: E.H. van den Bogaard, Department of Dermatology, Radboud Institute for 

Molecular Life Sciences (RIMLS), Radboud University Medical Center (Radboudumc), PO BOX 9101, 

6500 HB Nijmegen, The Netherlands. E: ellen.vandenbogaard@radboudumc.nl, T: 0031-243614093 

 

 

  

mailto:ellen.vandenbogaard@radboudumc.nl


2 
 

Supplemental Figures 

 

 

 

 

 

Supplemental figure 1. Karyogram of N/TERT keratinocytes. Karyogram of N/TERT keratinocytes 

showing G-bands after Giemsa-staining.  

 

 

 

 

 

 

 

 

 

 

Supplemental figure 2. Short tandem repeat analysis of N/TERT1 keratinocytes. QF-PCR based short 

tandem repeat analysis of N/TERT1 keratinocytes. 
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Supplemental figure 3. Schematic overview of N/TERT keratinocyte-based HEE model culture. A) 

Culture protocol for normal N/TERT1 and N/TERT2G HEEs. B) Culture protocol for inflammatory 

N/TERT1 HEEs from day 7 onwards. C) Culture protocol for inflammatory N/TERT1 HEEs and all trans 

retinoic acid (ATRA) or coal tar (CT) treatment from day 7 onwards. 
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Supplemental figure 4. Optimisation of the N/TERT1 keratinocyte-based HEE model. HEEs cultured 

A) with either K-SFM or DMEM medium mixed with CnT-PR-3D medium (60:40 ratio), B) with varying 

seeding densities, and C) after the N/TERT1 cells were passaged up to 6 times were visualized by 

haematoxylin eosin (HE). D) Primary keratinocyte based HEEs and N/TERT1 keratinocyte-based HEEs 

are highly similar based on morphology and E) terminal differentiation, proliferation, and host 

defense proteins expression, as visualized by immunohistochemistry. Scale bar=100 µm. 
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Supplemental figure 5. N/TERT1 keratinocytes can be used to generate a psoriasis-like HEE (PS-

HEE) disease model. N/TERT1 HEEs were harvested for morphological analysis after stimulation with 

Th1 cytokines (TNFα, IL-6, and IL-1α) and rescued by addition of all trans retinoic acid (ATRA). Scale 

bar=100 µm. 

 

 

Supplemental figure 6. N/TERT1 keratinocytes possess the ability to respond in an AHR-mediated 

manner. N/TERT1 HEEs were harvested for gene expression analysis after stimulation with coal tar 

Bars represent mean±SEM. *p<0.05 ***p<0.001 relative to control unstimulated keratinocytes. 
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Supplemental table 1: Studies using N/TERT keratinocytes in conventional monolayer culture 

experiments. 

Author Field of study / keywords 

Dickson et al.
1$ 

Initial paper describing N/TERT keratinocytes 

Ozbun
2
 Human papillomavirus 

Natarajan et al.
3
 Skin cancer, squamous cell carcinoma 

Patterson et al.
4
 Human papillomavirus 

Hardman et al. 
5
 Epidermal differentiation 

Natarajan et al.
6
 Wound healing 

Burdick et al.
7
 Cellular signalling 

Lewis et al.
8
 UV radiation 

Eichberger et al.
9
 Cellular signalling 

Utikal et al.
10

 Induced pluripotent stemcells 

Warters et al.
11

 Ionizing radiation 

Konger et al. 
12

 UV radiation 

Teh et al.
13

 UV radiation, skin cancer 

Wei et al. 
14

 Cellular signaling 

Yi et al. 
15

 Cellular signaling 

Oliver et al.
16

 Human papillomavirus 

Di et al.
17

 Gene therapy 

Jackson et al.
18

 Epidermal differentiation 

Weir et al.
19

 Cellular signaling 

Chikh et al.
20

 Epidermal differentiation 

Bose et al.
21

 Epidermal differentiation 

Di et al.
22

 Gene therapy, epidermal differentiation 

White et al.
23

 Human papillomavirus 

Degen et al.
24

 Skin cancer, squamous cell carcinoma 

Stoll et al.
25

 Wound healing 

Cho et al
26

 Skin cancer 

White et al.
27

 Human papillomavirus 

Wei et al.
28

 Tissue generation 

Liu et al.
29

 UV radiation 

Bause et al.
30

 Epidermal differentiation 

Nguyen et al.
31

 Skin cancer, cell signaling 

Abaitua et al.
32

 Cell migration, herpes simplex virus 

Dreesen et al.
33

 Epidermal proliferation 

Dreesen et al.
34

 Cellular aging and disease 

Johns et al.
35

 Cell signaling, herpes simplex virus 

Pantazi et al.
36

 Apoptosis 

Chikh et al. 
37

 Apoptosis 

Valdimara et al.
38

 Human papillomavirus 

Bigliardi et al.
39

 Wound healing 

Loesch et al.
40

 UV radiation 

Kaseb et al.
41

 Cancer, head and neck squamous cell carcinoma 

Sayers et al.
42

 Herpes simplex virus 

Chen et al.
43

 Cellular signaling 
$Initial paper describing the N/TERT cell line development; UV: ultraviolet. 
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