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Fig. S1 Transcriptional characterization of BMSC heterogeneity in the single cell LR-MDS taxonomy (related to Figure 1 and 2)

(a) Expression of cell-identifying genes in each cell subtype in NBM and LR-MDS.
(b) Genes encoding HSPC regulatory factors KITLG, ANGPT1 and IL7 are upregulated in BMSC-0 and BMSC-1 compared to BMSC-2 and BMSC-3. Analysis was 
performed at sample level using the pseudoDE package. Statistical analysis was performed by a two-sided Wald test and corrected for FDR.
(c-e) Transcriptional characterization of the BMSC-2 cluster in LR-MDS demonstrating increased expression of gene signatures indicative of NFĸB-associated 
inflammation compared to other clusters as shown by Hallmark geneset enrichment analysis (c) and differential gene expression analysis (d-e). LR-MDS (n=4), NBM 
(n=4). Statistical analysis was performed by a K-S test and corrected by FDR (c). Statistical analysis was performed by a two-sided Wald test and adjusted for FDR 
(d).   
(f) FACS gating strategy for expression of Annexin A1 on stromal cells in BM aspirates (Representative plots from LR-MDS).
(g) Estimated abundancy of the inflammatory BMSC-2 subset in LR-MDS vs. NBM as assessed by cibersort deconvolution of the BMSC pseudobulk-RNAseq dataset. 
LR-MDS (n=45) and NBM (n=10). Statistical analysis was performed by a two-sided Wilcoxon test.
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Fig. S2 Immune cells are predicted to be triggers of BMSC inflammation (related to Figure 4)

(a) CellChat ligand-receptor interaction analysis predicting that CD8+ T cells may be the major source of IFNγ signaling towards BMSCs in LR-MDS.  
(b-c) Distribution and frequency of T and NK cell subtypes in NBM (n=4) and LR-MDS (n=5) demonstrating a relative expansion of the EM CD8+ T cell population. Statistical
analysis was performed by a two-sided unpaired Welch’s t-test (c). 
(d) Expression of genes encoding IFNγ and TNFα in T and NK cell subpopulations in NBM and LR-MDS. 
(e) Expression of genes encoding CCR7 (naïve marker), Perforin-1 (PRF1), Granzyme B (GZMB) and Granzyme K (GZMK) in CD8+ T cell subsets in NBM and LR-MDS.
(f) Percentage of GZMK+, GZMB+ and Perforin-1+ cells within the different subsets of CD8+ T cells, as assessed by flow-cytometry. NBM (n=3) and LR-MDS (n=3). Error bar 
represents mean ± SEM.
(g) FACS gating strategy for EM population within CD8+ T cell, and for CD69+ within CD8+ Naive, CM, EM, TEMRA subsets.(Representative plots from NBM)

Source data are provided as a Source Data file.
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Fig. S3 Inflammatory activation of BMSCs by the secretome of activated purified T cells (related to Figure 4)
 
(a) Inflammatory activation of BMSCs by the secretome of activated T cells. Created in BioRender. Bian, Y. (2025) https://BioRender.com/cs43kn5. Human T cells 
were activated, and BMSCs were exposed to their secretome.
(b) Activation of T cells from healthy peripheral blood using CD3/CD28 dynabeads as indicated by induced expression of CD69 in CD4+ and CD8+ T cells. Baseline = 
T cells before activation, Non-activated = non-activated T cells, Activated = activated T cells. Statistical analysis was performed by a one-way ANOVA and Tukey’s 
multiple comparisons test. n=4, from 4 independent experiments. ns, not significant. Error bar represents mean ± SEM.
(c) Inflammatory activation of human primary BMSCs by the secretome of activated T cells, as demonstrated by increased NFKBIA expression and reduced KITLG 
expression. Medium = Medium for T cells culture, Non-activated = conditional medium from non-activated T cells, Activated = conditional medium from activated T 
cells. Statistical analysis was performed by a one-way ANOVA and Tukey’s multiple comparisons test. n=7, from 7 independent experiments. ns, not significant. Error 
bar represents mean ± SEM. 
(d) Inflammatory activation of BMSCs by the secretome of activated CD3+ T cells. Created in BioRender. Bian, Y. (2025) https://BioRender.com/iu6erfi. CD3+ T cells 
in human peripheral blood were purified by CD3 microbeads and activated by CD3/CD28  dynabeads, BMSCs were exposed to their secretome. 
(e) Representative FACS plot demonstrating induction expression of CD69 upon activation of CD3+ T cells. 
(f) Induction of NFKBIA and reduction in KITLG gene expression upon T cell activation in primary BMSCs (left panels) and HS-5 cells (right panels), recapitulating 
aspects of stromal inflammation in LR-MDS. Primary BMSCs, n=6, from 6 independent experiments. HS-5 cells, n=5, from 5 independent experiments. Statistical 
analysis was performed by a two-sided paired t-test. Error bar represents mean ± SEM. 
(g) Validation of knockdown efficacy of two shRNAs targeting TNFRSF1A in HS-5 BMSCs. Statistical analysis was performed by a one-way ANOVA and Tukey’s 
multiple comparisons test. n=3, from 3 independent experiments. ns, not significant. Error bar represents mean ± SEM.

Source data are provided as a Source Data file.

a b

BMSCs

48h 

CD3- T cells

Purified CD3+  
T cells

CD3 microbeads 
incubation

Peripheral Blood 
from heathy donors

supernatant

±CD3/CD28 
dynabeads

PBMCs BMSCs

48h

Peripheral Blood
from healthy donors 

supernatant

Baseline Activated

C
D

3

CD69

0.51

0-10
3

10
3

10
4

10
5

0

-103

103

104

105

CD3+CD69+

0-10
3

10
3

10
4

10
5

0

-103

103

104

105

CD3+CD69+

68.3

0.40

0-10
3

10
3

10
4

10
5

-103

103

104

105

Non-activated

24.9

0-10
3

10
3

10
4

10
5

0

-103

103

104

105

Activated

C
D

4

CD69

%
 o

f C
D

4+

ns

CD69+

0

10

20

30

40

50

Bas
eli

ne

Non
-ac

tiv
ate

d

Acti
va

ted

C
D

8
CD69

0

10

20

30

40

Bas
eli

ne

Non
-ac

tiv
ate

d

Acti
va

ted

ns

CD69+

%
 o

f C
D

8+

c

d e

ns

g

0

5

10

15

20

NFKBIA

R
el

at
iv

e 
ex

pr
es

si
on

ns

Med
ium

Acti
va

ted

Non
-A

cti
va

ted
0

1

2

3

KITLG
R

el
at

iv
e 

ex
pr

es
si

on

ns

Med
ium

Acti
va

ted

Non
-A

cti
va

ted

f
primary BMSC

NFKBIA KITLG

0.0

0.5

1.0

1.5

R
el

at
iv

e 
ex

pr
es

si
on

Med
ium

Acti
va

ted
0

2

4

6

8

Med
ium

Activ
ate

d

R
el

at
iv

e 
ex

pr
es

si
on

NFKBIA

R
el

at
iv

e 
ex

pr
es

si
on

KITLG

0.0

0.5

1.0

1.5

Med
ium

Acti
va

ted

R
el

at
iv

e 
ex

pr
es

si
on

Med
ium

Acti
va

ted
0

2

4

6

8

10

TNFRSF1A

TNFRSF1A
-kd

1

TNFRSF1A
-kd

2

Scra
mble

R
el

at
iv

e 
ex

pr
es

si
on

0.0

0.5

1.0

1.5

HS-5

p<0.0001
p<0.0001

p=0.0001

p=0.0001

p<0.0001

p=0.0001

p=0.0017

p=0.0331

p=0.0047 p=0.0028p=0.0102p=0.0414 p=0.0001
p=0.0002

Figure S3

0-103 103 104 105

Baseline

0

-103

103

104

105

1.36

Non-activated

0.27

0

-103

103

104

105

0-10
3

10
3

10
4

10
5

Activated

30.9

0-10
3

10
3

10
4

10
5

0

-103

103

104

105

Baseline

0-10
3

10
3

10
4

10
5

0

-103

103

104

105

Purified CD3+

T cells

 

 

±CD3/CD28 
dynabeads

0



HSC/MPPs

N
BM

LR
M

D
S

ADIPOQ_CLEC2D
APP_CD74

CD99_PILRA
COPA_CD74

COPA_SORT1
CSF1_CSF1R
CSF1_SIRPA

CSF1_SLC7A1
CXCL12_CXCR4
FAM3C_CLEC2D

FAM3C_LAMP1
FGF7_FGFR1
FLT3LG_FLT3

HGF_CD44
ICAM1_ITGAL

ICAM1_SPN
IGF2_IDE

IGF2_IGF1R
IGF2_IGF2R
IL34_CSF1R

IL7_IL7 receptor
JAG1_CD46

JAG1_NOTCH1
JAG1_NOTCH2

KITLG_EPOR
KITLG_KIT
MDK_LRP1

MDK_SORL1
MIF_CD74

SEMA4A_PLXND1
SEMA4C_PLXNB2

TNFSF10_RIPK1
TNFSF10_TNFRSF10B
TNFSF10_TNFRSF10D
TNFSF12_TNFRSF12A

TNFSF12_TNFRSF25
TNFSF13B_HLA−DPB1

TNFSF13B_TFRC
VEGFB_ADRB2

WNT4_FZD6
WNT4_NOTCH1

re
la

tiv
e_

m
ea

n

0.3

0.4

0.6

0.7

0.5

−l
og

10
(p

va
l)

0

1

2

3

4

N
BM

LR
M

D
S

N
BM

LR
M

D
S

N
BM

LR
M

D
S

N
BM

LR
M

D
S

LMPPs GMPs MEPs CLPs

Figure S4

Fig.S4 Predicted interactions between BMSCs and HSPCs in NBM and LR-MDS (related to Figure 5)

Predicted relative strength of ligand-receptor signaling pathways originating from BMSCs to HSPC subtypes in NBM and LR-MDS. Color scale 
and dot size represent relative mean strength and p-value of interactions, respectively. CellphoneDB was used for the assessment. 
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Fig. S5 HSPC composition and transcriptional changes in LR-MDS (related to Figure 5)

(a) Frequencies of HSPC subpopulations in NBM and LR-MDS. Statistical analysis was performed by a unpaired Welch’s t-test. NBM (n=4) and LR-MDS (n=5). Data are 
presented as boxplots: the central line marks the median, the box spans the 25th to 75th percentiles (interquartile range), and whiskers extend to the smallest and largest 
values within 1.5× the interquartile range. Data points beyond this range are shown individually as outliers.
(b) Enrichment of Hallmark gene signatures indicative of inflammatory stress in each HSPC subpopulation across all NBM and LR-MDS samples.
(c) Expression of “leading-edge” genes indicative of inflammatory stress in HSPC subsets. NBM (n=4), LR-MDS (n=5). Statistical analysis was performed by a two-sided
 unpaired Welch’s t-test. PseudoDE R-package is used for differential expression gene analysis at sample levels.
(d-e) Subclustering of the HSC/MPP population in NBM resulted in the identification of  ‘low-output’ HSC, HSC-1 and ‘high-output’ HSC-2 substes. Annotation is based 
on enrichment of gene signatures and genes indicative of low- and high-output HSCs.
(f) Experimental design for paired bulk-RNA-seq on HSPCs (CD45intCD235a-CD34+) and BMSCs in NBM (n=7) and LR-MDS (n=38). Created in BioRender. Bian, Y. 
(2025) https://BioRender.com/6qqnzqk.
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Fig. S6 Inflammatory activation of BMSCs in vitro and co-culture with HSPCs (related to Figure 6)
 
(a) Murine BMSCs (OP9 cells) were transduced with IKK2SE or empty vector control. Expression of IKK2 and inflammatory markers (Il6, Nfkbia) after transduction
 are shown. Statistical analysis was performed by a one-way ANOVA and Tukey’s multiple comparisons test. ns, not significant. n=4, from 4 independent experiments. 
Error bar represents mean ± SEM.
(b) Inflammatory activation of Lin- HSPCs upon culture on inflamed BMSCs as indicated by upregulation of Sca-1 expression. Representative flow cytometry plots of 
immunophenotype of  HSPC after coculture with OP9. Statistical analysis was performed by a two-sided unpaired Welch’s t-test. Error bar represents mean ± SEM. 
(replicates from n=2 mice performed in triplicates).

Source data are provided as a Source Data file.
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Fig. S7  Detection of mutant cells in the LR-MDS taxonomy using different experimental approaches (related to Figure 7)

(a-b) Identification and distribution of mutant cells within the LR-MDS taxonomy by 10X RNA-seq mutational calling, RaCHseq and SpliceUp computational analysis, 
respectively.
(c) Identification and distribution of mutant cells within HSPC subsets in LR-MDS using the different methodologies, showing consistent results regarding transcriptional programs
 in mutant HSPCs indicating relative mitigation of inflammatory stress signaling and cell-cycle progression. Positive NES reflects programs enriched in mutant HSPCs, while negative 
scores indicate enrichment in non-assignable HSPCs. All cells in HSC/MPPs, LMPPs, MEPs, and GMP clusters were used in the analysis. Statistical analysis was performed by 
a K-S  test and corrected for FDR.   
(d) Differentially expressed gene programs in mutant (vs. ‘non-assignable’ cells) HSC/MPP and MEP subsets demonstrating consistent mitigation of inflammatory stress pathways 
and enrichment of gene programs implicated in cell cycle progression in these HSPC subsets. Positive NES reflects programs enriched in mutant HSPCs, while negative scores 
indicate enrichment in non-assignable HSPCs. Statistical analysis was performed by a K-S test and corrected for FDR.   
(e) FACS gating strategy for immunophenotypic HSPCs (CD34+ and CD34+CD38-CD45RA-CD90+) from BMSC-HSPCs cocultures. (Representative plots from NBM-IKK2SE). 
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Fig. S8 Stromal inflammation is associated with outcome in LR-MDS (related to Figure 8)

(a) The level of stromal inflammation, as indicated by the SIGHT-P is associated with the International Prognostic Scoring System (IPSS) risk score in the GSE58831 
cohort. A Wilcoxon rank sum test was used for statistics. 
(b) Cause-specific independent prognostic value of SIGHT-P compared to IPSS and age in MDS, as assessed by competing risk regression analysis in the GSE58831 
cohort. 
(c) Association between SIGHT-P and leukemic progression in LR-MDS patients in the GSE58831 cohort, depicted by cumulative frequency curves. Statistical analysis
 was performed by a Gray’s test.
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