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Multi-omics single-cell sequencing of primary human gliomas separates malignant vs. 
non-malignant cells, and enables high-resolution copy number alteration mapping

•  Epigenetic encoding of cells states? 

•  Heritability of cell states? 

•  Transition dynamics of cell states? 
 



Multi-omics single-cell sequencing of primary human gliomas separates malignant vs. 
non-malignant cells, and enables high-resolution copy number alteration mapping

Joint RNA and DNAme (Gaiti et al., Nature 2019)
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Multi-omics single-cell sequencing of primary human gliomas separates malignant vs. 
non-malignant cells, and enables high-resolution copy number alteration mapping

Collaboration with Mario Suva lab - MGH/Broad Institute 

Joint RNA and DNAme (Gaiti et al., Nature 2019)
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Stem-like GBM cells exhibit PRC2 targets hypomethylation compared with more 
differentiated cell states within the same GBM patient samples
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Cell state transition dynamics inference from lineage tree architectures reveal higher 
cellular plasticity in GBM compared to a more stable differentiation hierarchy in IDH-MUT
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Mathematical modeling of cell state transitions

Cell state transition dynamics 
inferred from lineage trees 

Higher level of de-differentiation in GBM 
compared to IDH-MUT cells  

Validation of mathematical model estimates

Association of cell states on lineage trees 
decreases as de-differentiation increases 

Cell state transition dynamics inference from lineage tree architectures reveal higher 
cellular plasticity in GBM compared to a more stable differentiation hierarchy in IDH-MUT
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Mathematical modeling of cell state transitions

Cell state transition dynamics 
inferred from lineage trees 

Higher level of de-differentiation in GBM 
compared to IDH-MUT cells  

Validation of mathematical model estimates

Association of cell states on lineage trees 
decreases as de-differentiation increases 



Differentiation
(q01)

De-differentiation
(q10)

Stem
(Ȝ0)

Mature
(Ȝ1)

n0 n1

Cycling vs. MLE growth ratios

MLE mature/stem growth ratio

M
ea

su
re

d 
m

at
ur

e/
st

em
cy

cl
in

g 
ra

tio
 (R

N
A

)

0 42

0

4

2

Pearson’s r = 0.75
P =  7.8 x 10-3

0

10

20

0 50 100
MLE dediff 

D
ed

iff
er

en
tia

tio
n 

fre
qu

en
cy

 
(R

N
A 

ve
lo

ci
ty

 in
fe

re
nc

e)
 (x

10
-2
)Phylogeny MLE vs RNA Velocity

Pearson’s r = 0.72
P =  3.7 x 10-3

MGH124
MGH105D

MGH211
MGH105C

MGH122
MGH129

MGH105B
MGH105A

MGH121
MGH115
MGH135

MGH64
MGH107

MGH45

MLE dediff / stem
0 0.5 1 32

IDH-MUTGBM

P =
0.008

Stem-like

Self-renewal
Dedifferentiation

GBM

0.75 +/- 0.33
Ratio dediff / stem self-reneval

Stem-like

Self-renewal
Dedifferentiation

IDH-MUT

0.05 +/- 0.024
Ratio dediff / stem self-renewal

Cell state clustering
vs dediff/stem

-2

0

2

4

6

-4 0-2
Ln(Dediff / stem)

Tr
an

sc
rip

tio
na

l s
im

ila
rit

y 
by

 li
ne

ag
e 

di
st

an
ce

 
(c

or
re

la
tio

n 
Z-

sc
or

e)

Pearson’s r = -0.67
P =  8.5 x 10-3

Mathematical modeling of cell state transitions

Cell state transition dynamics 
inferred from lineage trees 

Higher level of de-differentiation in GBM 
compared to IDH-MUT cells  

Validation of mathematical model estimates

Association of cell states on lineage trees 
decreases as de-differentiation increases 
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Unidirectional developmental hierarchy Plastic bi-directional developmental hierarchy

• Glioma cellular states are encoded epigenetically 

• PRC2 as a key switch in the differentiation of 
malignant GBM cell states 

• Cancer cell states are heritable  

• GBM exhibits higher cellular plasticity 
(bidirectional) vs. more stable differentiation 
hierarchy in IDH-MUT (unidirectional)



Unidirectional developmental hierarchy Plastic bi-directional developmental hierarchy

• Glioma cellular states are encoded epigenetically 

• PRC2 as a key switch in the differentiation of 
malignant GBM cell states 

• Cancer cell states are heritable  

• GBM exhibits higher cellular plasticity 
(bidirectional) vs. more stable differentiation 
hierarchy in IDH-MUT (unidirectional)

• Challenge to glioma stem-like cell targeting 
paradigm? 

• Cell state targeting? 

• Cell transition targeting? 


