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Immuno-

therapy is a 

major advance 

in tumor 

treatment
Need for 

bio-markers, 

Focus: immune 

cell content in 

tumors Only a small 

percentage of 

patients is fully 

responsive 

BACKGROUND



TUMOR MICROENVIRONMENT

Valdes-Mora F et al (2018) Front. Immunol. 9:2582.



THE IMMUNE LANDSCAPE OF CANCER

Thorsson. V et al.(2018) Immunity17;48(4):812-830



BULK TRANSCRIPTOMICS

SOURCES OF  

VARIATION: Proportion

of different  

cell types

Changes in  

cell-type  

composition
Gene

expression  

changes in  

particular  

cell types



BULK TRANSCRIPTOMICS  

DATA DECONVOLUTION

Bulk data

Algorithms

Cell-

specific  

gene  

matrices



BULK TRANSCRIPTOMICS  

DATA DECONVOLUTION

BASED ON:

Bulk data

Algorithms

Cell-

specific  

gene  

matrices



WIDE VARIETY OF DECONVOLUTION METHODS…

Avila Cobos F et al (2018) Bioinformatics. 34(11):1969-1979.



Linear  

modeling,  

sum to 1 and

…BASED ON A VARIETY OF APPROACHES

non-negativity  

(NNLM)

Abbas et al.,  

2009
quadratic  

programming  

(QP)

Gong et al.,  

2011support vector

regression  

(SVR)

Newman et  

al., 2015 CIBERSORT
More robust to noise and  

multicollinearity



CIBERSORT

Newman AM et al (2015) Nat Methods. 12(5):453-457



xCell

ALTERNATIVE METHOD USING RANK BASED ENRICHMENT  

ANALYSIS: XCELL

Aran et al. (2017) Genome Biology 18:220



Aran et al. (2017) Genome Biology 18:220

ENRICHMENT OF TUMOR-SPECIFIC CELL TYPES IN TCGA



BULK TRANSCRIPTOMICS  

DATA DECONVOLUTION

BASED ON:

Bulk data

Algorithms

Cell-

specific  

gene  

matrices



IMMUNOSTATES: A GENE MATRIX LEVERAGING  

HETEROGENEITY AND DISEASE CONDITIONS

Vallania F et al (2018) Nat Commun 9:4735



THE QUALITY OF THE RESULTS DEPENDS MORE ON  

THE GENE MATRICES THAN ON THE ALGORITHMS

DECONVOLUTION  

CONCORDANCE  

BY MATRIX AND  

METHOD:

Vallania F et al (2018) Nat Commun. 9(1):4735



CHARACTERIZATION OF 29 HUMAN IMMUNE CELL TYPES

BY RNA-SEQ AND FLOW CYTOMETRY

Monaco et al. (2019) Cell Reports 26, 1627–1640



THE ENDLESS PROBLEM OF NORMALIZATION

BEST APPROACH: scale the TPM values by a factor that minimizes the error  
between flow cytometry and deconvolution proportions

Monaco et al. (2019) Cell Reports 26, 1627–1640



SINGLE CELL SEQUENCING

Bach K et al (2017) Nat Commun. 8(1):2128



UPCOMING METHODS



THE FUTURE (last year)

Single cell  

sequencing

scSeq to  

generate  

accurate gene  

matrices for  

deconvolution

Data  

deconvolution

!

?

!

?



THE FUTURE (now)



Yu et al. BMC Cancer (2019) 19:715

ADVANTAGE OF THE USE OF SINGLE CELL GENE EXPRESSION 

PROFILES IN SIMULATED BULK TUMOR SAMPLES



IDENTIFYING GENE EXPRESSION PROGRAMS UNDERLYING 

BOTH CELL-TYPE IDENTITY AND CELLULAR ACTIVITIES (E.G. 

LIFE-CYCLE PROCESSES, RESPONSES TO ENVIRONMENTAL 

CUES)

Kotliar et al. eLife 2019;8:e43803



CONSENSUS NON-NEGATIVE MATRIX FACTORIZATION INFERS 

IDENTITY AND ACTIVITY EXPRESSION PROGRAMS IN 

SIMULATED DATA

Kotliar et al. eLife 2019;8:e43803



BULK GENE EXPRESSION DECONVOLUTION BY

MULTIPLE SINGLE-CELL RNA SEQUENCING REFERENCES

Dong et al., Briefings in Bioinformatics, 00(0), 2020, 1–12 



OTHER LIMITS IN THE RELIABILITY OF GENE MATRICES  

FACS separation 

procedures may 

influence gene 

expression

Tissue 

disaggregation 

can damage the 

cells and lead to a 

selective loss and 

gene expression 

changes

The number of 

transcripts that 

can be 

sequenced in 

single cell 

experiments is 

low (600-2000) 



SPATIAL DETECTION OF TRANSCRIPTS IN TISSUE SECTIONS



SUMMARY

The cell

fractions of a 

tumor sample 

can be 

estimated from 

bulk RNAseq

Quality of 

results depend

on accurate  

cell-type and 

activity specific

gene matrices

The future: 

spatial

transcriptomics

?
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