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Finding a test set within the Library of Integrated Network-
Based Cellular Signatures (LINCS)

SR Pathway Accuracy 
in 1st

Accuracy 
by 2nd

Accuracy 
by 3rd

DDR-400 75% 100% 100%

UPR-050 100% 100% 100%

HSR-GO 57% 100% 100%

HPX-WINT 100% 100% 100%

MTL – 200 33% 33% 67%

OSR – 200 25% 50% 50%

Mean 
Accuracy 72% 88% 91%

Background and Hypothesis

Key Conclusions
• SRP can be accurately identified using gene signatures in transcriptomic data.
• Distinct signals arise from well known chemical agents.
• Consensus SRP signatures perform better than published signatures.
• Consensus SRP signatures activity identified in LINCS data test set.

Future Directions 
• Concentration-response analysis to estimate benchmark concentrations (BMC)

• The lack of available methods to test non-specific chemical points of departure can be expanded to
include a new approach method derived from general stress response transcriptomic assays.

• Tissue and cell specificity
• Expression of stress response systems is partially dependent on cell and tissue type; as such, a deeper

understanding of tissue dependency must be achieved.

SRP Abbreviation Reference Chemical

DNA Damage 
Response DDR

Benzo(a)pyrene
Glycinamide
Lasicoarpine

Methylmethanesulfonate
Unfolded 
Protein 

Response
UPR

Brefeldin A
Thapsigargin
Tunicamycin

Heat Shock 
Response HSR

Geldanamycin
Heat with recovery

Radicicol

Response to 
Hypoxia HPX

Oxygen
VU-0418946-1
VU-0418946-2

Metal Response MTL
Silver Nitrate

Zinc

Oxidative Stress 
Response OSR

Hydrogen peroxide
Tert-butyl  hydrogen 

peroxide

A) Activity of SRPs in training data set B) Performance of SRP signatures against randomized null C)
Performance of SRP signatures against published signatures

Accuracy of Signatures in training data set 

Highly gene-overlapped published 
signatures
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Unique consensus gene space

Consensus Signature Set 
Construction
• Identified 48 relevant published signatures

by inclusion of ~ key genes
• Use “Wisdom of the Crowd” to score gene

inclusion
• Frequency based (f):  

𝑓𝑓𝑖𝑖𝑖𝑖 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔−𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔
𝑓𝑓𝑖𝑖𝑖𝑖 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔+ 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔

Reference Chemicals
• 49 reference chemicals were identified in the

literature
• 2000 GSEs found in the Gene Expression

Omnibus matching
• Only 35 GSEs proved sufficiently annotated
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Highly Probable Library of Integrated Network-Based 
Cellular Signatures (LINCS)
• Searched all LINCS chemicals in pub med against stress

systems
• 7 terms (e.g., ‘DNA damage’, ‘er stress’, unfolded protein

response’)
• Totaled 32,679 searches

• Pairwise mutual information (PMI) score calculated for each
chemical
• 𝑃𝑃𝑃𝑃𝑃𝑃 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐, 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = log 𝐹𝐹(𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)

𝐹𝐹 𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝐹𝐹(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)

• Filtered to chemical  with PMI > 1 and references >200  yielding
a subset of 90 perturbagens

• Pulled first 500 abstracts for each match and validated 68 high
probability chemicals by review

• Transcriptomic Dataset includes:
• 11000 Profiles
• 81 cell types

Concentration response for HSR chemical geldanamycin

Activity of SRP consensus signatures was evaluated in 68 
“highly probable” chemicals in the LINCs database.
Cell type aggregated data indicates broad applicability
• 100% of chemicals showed activity in at least one cell line
• 92% of HSR and 88% of UPR in cell aggregated data
• 30/68 chemical have concentration response
• Tissue and cell type is IMPORTANT
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Hypothesis:
• Gene signatures can quantify SRP activation and provide insight

about chemical hazards

Rationale
• Many environmental chemicals act via non-

specific mechanisms: they do not activate
molecular initiating events (MIEs) and cannot be
related to adverse outcomes (Ankley 2010).

• Non-specific chemicals can disrupt homeostasis
and result in DNA damage, misfolded proteins,
hypoxia, and altered cellular reductive potential
(Simmons 2009, Judson 2016).

• Cells sense disruption and induce stress
response pathways (SRPs) to restore
homeostasis.

• With the availability of high-throughput
transcriptomics (HTTr) data, it may be feasible to
characterize non-specific chemicals by SRP
activation.

Toxicological LINCS to Stress: Measuring Stress Response Pathways in Transcriptomic Data

Form 
consensus 
signatures

Perturbagen
search

Find 
published 
signatures

Perturbagen
TRx retrieval

GSEA

Performance

Analyze highly 
probable library
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C

Consensus signatures are accurate
• 72% accuracy for highest scoring signature (88% for

second)

Consensus signatures perform better than 
published signatures
• % performance relative to median of published signatures:

DDR 0.99 (109%) HTS 0.91 (103%)
UPR 0.89 (172%) MTL, 0.66 (133%)
HPX 0.99 (104%) OSR 0.87 (155%)

SRP signal distinct from random null
• 4x SD for DDR, HSR, HPX
• OSR and UPR are least discernable
• Minimal overlap negative chemicals

Si
gn

at
ur

e 
G

SE
A 

Z 
Sc

or
e

DDR UPR HSR HXP MTL OSR

2

4

0

-2

Category

Ar
ea

 u
nd

er
 th

e 
C

ur
ve

 (A
U

C
) DDR UPR HSR

HXP MTL OSR

DD
R

U
PR

HS
R

HX
P

M
TL

O
SR

G
SE

A 
sc

or
ed

 re
fe

re
nc

e 
pr

of
ile

s

Category

Ar
ea

 u
nd

er
 th

e 
C

ur
ve

 (A
U

C
) DDR UPR HSR

HXP MTL OSR

Category

Si
gn

at
ur

e
Ca

te
go

ry

Chemical 
Category

Time
3 | 6 | 24 

C
on

ce
nt

ra
tio

n
0.

00
1 

–
50

 u
MChemical / time (hr)

SR
P 

~ 
C

on
ce

nt
ra

tio
n 

(u
M

)

Chemical PMI - SRP Assignment

SRP Bioactivity
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Enrichment Score

HSR activity vs conc. ~ cell type + time 
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Example of HSR activity in Geldanamycin
• Highest activity at 3 and 6 hrs
• Decay is attributed to cytotoxic and proteotoxic effects
• Additional systems may play a role, e.g., proteosome
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Signature performance analyzed with 
receiver operator analysis (ROC)
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