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Supplementary Fig. 1 Characterization of the five MS patient-derived iPSC lines. A 

Representative phase contrast images and B images of immunofluorescence staining for 

OCT3/4, SOX2, NANOG and SSEA4. C Flow cytometry analysis of SSEA4 expression. D 

Representative images of AFP, OTX2 and SMA immunofluorescence staining confirmed the 

capacity of iPSCs to differentiate into the three germ layers in vitro through embryoid body 

formation. 

 

 

Supplementary Fig. 2 Characterization of MS patient-derived iPSC lines. A RT–qPCR 

analysis of the removal of Sendai virus vectors and transgenes (SeV, KOS, c-Myc and Klf4) 

from MS iPSCs. Positive controls were collected after transduction (passage 0), and MS-iPSC 

samples were collected at passage 7–10. B Cells were negative for mycoplasma detected via 

RT–PCR. C The karyotype analysis confirmed the normal diploid 46,XX karyotype. 
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Supplementary Fig. 3 Characterization of HC and MS iPSC-derived iMGLs. A 

Representative phase contrast images of HC and MS iMGLs. Scale bar = 100 µm. 

Representative images of immunofluorescence staining for Iba1, TMEM119 and P2RY12 in 

B HC and C MS iMGLs. Scale bar = 50 µm. 

 

 

Supplementary Fig. 4 Expression of microglial signature genes CX3CR1, P2RY12, 

TMEM119, TREM2 and MERTK in RNA-sequencing data of vehicle- and LPS-stimulated HC 

and MS iMGLs. Data [log2 (CPM+1)] presented as single datapoints and medians. n = 6, 4 HC 

cell lines and 6 MS cell lines, with 1-2 independent differentiations. Different symbols for 

individual iPSC lines are presented in Supplementary Table 1. Mann–Whitney U test, 

*p < 0.05, and **p < 0.01. 
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Supplementary Fig. 5 LPS stimulation activates the NF-κB signalling pathway in iMGLs. A 

Representative images of immunofluorescence staining for NF-κB p65 at 15 min, 30 min and 

30 min in unstimulated, IFNγ-, LPS- or IFNγ+LPS-stimulated HC and MS iMGLs. Scale bar 

= 50 µm. B Western blots showing the levels of phospho-NF-κB p65, NF-κB p65 and β-actin 

in unstimulated sample and samples treated with LPS for 15 min, 30 min or 45 min. Nine 

micrograms of protein was loaded into each lane. C Quantification of the phospho-NF-κB p65 

and NF-κB p65 expression ratios. Protein levels were normalized to those of β-actin. n = 1–2 

technical replicates (wells), with 1 differentiation. The data presented as single datapoints and 

medians.  



7 

 

 

Supplementary Fig. 6 The effect of inflammatory stimulation on the iMGL phenotype. A 

Representative phase contrast images of vehicle- and IFN-γ-, LPS- or IFN-γ+LPS-stimulated 

iMGLs after 24 h of treatment. Scale bar = 100 µm. B Representative images of Iba1 

immunofluorescence staining in vehicle- and LPS-stimulated iMGLs after 24 h of treatment. 

Scale bar = 50 µm. C qPCR analysis of the expression of the microglial signature genes 
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CX3CR1, P2RY12, TREM2 and MERTK in vehicle- and IFN-γ-stimulated iMGLs after 24 h of 

treatment (n = 6 technical replicates, 1 HC cell line, with 1 differentiation). The data are 

presented as single data points and medians. D Analysis of cytokines secreted from vehicle- 

and IFN-γ-stimulated iMGLs after 24 h of treatment (1 HC cell line, with 1 differentiation). 

The data are presented as single data points and medians. Mann–Whitney U test, **p < 0.01. 
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Supplementary Fig. 7 Western blots of NF-κB signalling proteins in HC and MS iMGL 

samples. Western blots show the levels of phospho-NF-κB p65, NF-κB p65, β-actin and IκBα 

in vehicle- and LPS-treated (45 min, 20 ng/ml) HC (2 cell lines) and MS iMGLs (3 cell lines); 

1-2 technical replicates (wells), 1-2 independent differentiations. Nine micrograms of protein 

was loaded per lane. See also Figure 3D. 
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Supplementary Fig. 8 Western blots of NF-κB signalling proteins in HC and MS iMGL 

samples. A Western blots show the levels of phospho-NF-κB p65, NF-κB p65, β-actin and 

IκBα in vehicle- and LPS-treated (45 min, 20 ng/ml) HC (1 cell line, with 2 independent 

differentiations) and MS iMGLs (2 cell lines, with 1 differentiation). Five micrograms of 

protein was loaded per lane. B Quantification of the phospho-NFκB p65 and NFκB p65 

expression ratios and IκBα protein levels. Protein levels were normalized to those of β-actin. n 

= 2–4 samples, with 2 independent differentiations. The data are presented as single datapoints 

and medians. 

 

Supplementary Fig. 9 Validation of RNA-seq results by qPCR analysis of selected genes in 

MS iMGLs compared to HC iMGLs. Fold change values for MS iMGL upregulated genes 

CIDEB, APBB3, ITGB7, CAT, SEMA4A, SECTM1, GPNMB, PIGR, FPR1, BST1 and GPR183 
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in HC and MS iMGLs. n = 6–7, 7 HC cell lines and 6 MS cell lines. The data are presented as 

mean values for individual iPSC lines normalized to the HC1. Symbol coding for iPSC lines is 

shown in Supplementary Table 1. Mann–Whitney U test, *p < 0.05, and **p < 0.01. 

 

 

Supplementary Fig. 10 Analysis of iMGL phagocytosis. A Representative time curve for the 

green fluorescence intensity of pHrodo zymosan phagocytosis in vehicle-, IFN-γ-, LPS- or 

IFN-γ+LPS-stimulated iMGLs after 24 h of treatment. n = 18 images per condition and time 

point; 6 wells/group, 1 differentiation. The data are presented as the means ± SEMs. B 

Representative fluorescence images of pHrodo zymosan bioparticles phagocytosed by iMGLs 

treated with the vehicle or the phagocytosis inhibitor cytochalasin D for 2 h. Scale bar = 50 

µm. C Quantification of pHrodo zymosan phagocytosis in vehicle- and cytochalasin D-treated 

iMGLs. n = 9–12 images, 2–6 wells/group, with 2 independent differentiations. The data are 

presented as single data points and means ± SD. Unpaired t test, **p < 0.01. D Quantification 

of pHrodo fluorescence intensity normalized to the number of nuclei for each 6 HC (grey 

colour) and 6 MS iMGL (green colour) cell line. n = 5–19 images per condition, with 1–3 

differentiations per cell line. The data are presented as single data points and medians. The 

symbol coding of HC and MS iMGL cell lines is presented in Supplementary Table 1. Asterisks 

indicate statistically significant differences compared with the vehicle treatment within cell 
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lines, as determined using the Mann–Whitney U test with Bonferroni’s correction *p < 0.05, 

**p < 0.01, and ***p < 0.001. 
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Supplementary Tables 

Supplementary Table 1. Human induced pluripotent stem cell lines used in this study. 

 

Abbreviations: HC, healthy control; MS, multiple sclerosis; F female; M male; PBMC peripheral mononuclear 

cells.  
*Symbols indicate the iPSC lines used in the figures. 

 

 
Supplementary Table 2. qPCR primers used to characterize iMGLs. 

 

Symbol* Cell line Alias Sex Karyo

-type 

Health 

status 

Origin Reference 

 MS1 MS1 F 46,XX MS PBMC this article 

 MS2 MS2 F 46,XX MS PBMC this article 

 MS3 MS3 F 46,XX MS PBMC this article 

 MS4 MS4 F 46,XX MS PBMC this article 

 MS5 MS5 F 46,XX MS PBMC this article 

 MS6 MS6 F 46,XX MS PBMC Lotila et al. 2022 [1] 

 UTA.04511.WT HC1 M 46,XY Healthy Fibroblast Ojala et al. 2016 [2] 

 UTA.10902.EURCCs HC2 F 46,XX Healthy Fibroblast Hongisto et al. 2017 [3] 

 UTA.04602.WT HC3 F 46,XX Healthy Fibroblast Ojala et al. 2016 [2] 

 UTA.11311.EURCCs HC4 F 46,XX Healthy Fibroblast Häkli et al. 2022 [4] 

 Hel54.1 HC5 F 46,XX Healthy PBMC Trokovic et al. 2014 [5] 

 Hel55.5 HC6 F 46,XX Healthy PBMC Trokovic et al. 2014 [5] 

 Hel96.6 HC7 F 46,XX Healthy PBMC Trokovic et al. 2014 [5] 

Target Cat no. Supplier 

APBB3 Hs00195923_m1 Thermo Fisher Scientific 

BST1 Hs01070189_m1  Thermo Fisher Scientific 

CAT Hs00156308_m1   Thermo Fisher Scientific 

CD74 Hs00269961_m1 Thermo Fisher Scientific 

CIDEB Hs00205339_m1  Thermo Fisher Scientific 

CX3CR1 Hs04187059_m1 Thermo Fisher Scientific 

FPR1 Hs00181830_m1  Thermo Fisher Scientific 

GPNMB Hs01095669_m1 Thermo Fisher Scientific 

GPR183 Hs00953886_m1 Thermo Fisher Scientific 

HLA-DPA1 Hs00410276_m1 Thermo Fisher Scientific 

HLA-DRA Hs00219575_m1 Thermo Fisher Scientific 

HLA-DRB1 Hs04192464_mH Thermo Fisher Scientific 

ITGB7 Hs01565750_m1  Thermo Fisher Scientific 

MERTK Hs01031979_m1 Thermo Fisher Scientific 

P2RY12 Hs00224470_m1 Thermo Fisher Scientific 

PIGR Hs00922561_m1  Thermo Fisher Scientific 

SECTM1 Hs00356334_m1 Thermo Fisher Scientific 

SEMA4A Hs00223617_m1 Thermo Fisher Scientific 

TMEM119 Hs01938722_u1 Thermo Fisher Scientific 

TREM2 Hs00219132_m1 Thermo Fisher Scientific 
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