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Trends in protein kinase research

* The Frequency patterns of “Kinase
Cascade” and “Kinome” in kinase
research

« Using Google Books Ngram English
2019 corpus, the frequencies of

. "kinase cascade” and "kinome”
~ e gyveraged by year and normalized by
the frequency of "kinase”

« Cascade implies a linear pathway,
while “kinome” encompasses the
entire networks
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How did we get here? A story about broken
microscopes and bad reviewers

Neuron-specific deficits of bioenergetic
Psychiatry .
processes in the dorsolateral prefrontal
cortex in schizophrenia

Courtney R. Sullivan EJ Rachael H. Koene, Kathryn Hasselfeld, Sinead M O’Donovan, Amy Ramsey &

Robert E. McCullumsmith

Kaleidoscope- Novel pipeline app for in silico
datamining and hypothesis testing

https://kalganem.shinyapps.io/BrainDatabases/



What is Schizophrenia?

Syndrome: refers to the association of several clinically
recognizable features, signs (observed by a physician),
symptoms (reported by the patient), phenomena or
characteristics that often occur together

Disease: may be thought of as recognizable signs and
symptoms with a known cause

The Fisher King (1991), portrayal -
of psychosis that is realistic
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LCM-qPCR in DLPFC in
Schizophrenia
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Neuron-specific deficits of bioenergetic
processes in the dorsolateral prefrontal
cortex in schizophrenia

Courtney R. Sullivan B, Rachael H. Koene, Kathryn Hasselfeld, Sinead M 0'Donovan, Amy Ramsey &

Robert E. McCullumsmith

Summary: In PNs, but not astrocytes,

abnormalities in 4 glycolytic enzymes and confirm/explore these findings

2 glucose transporters.

Question: can we

in other databases?
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We coupled LCM to qPCR to look at the expression of lactate transporters, glucose transporters, and glycolytic enzymes in neuronal and astrocyte populations. And what we found was decreases in several glycolytic enzymes and glucose transporters in neurons in the DLPFC. We did not see any changes in astrocytes. We also looked at LCM captured cells in rats treated with antipsychotics and apart from MCT1, none of our findings appeared to be caused from schizophrenia patients being on medication, but rather part of the pathophysiology. So our next question is, can we replicate these findings in a model of schizophrenia or broken synapses?


In Silico confirmation analyses

Data mine publically available datasets

eTable 4.2 Summary of in silico analyses (disease versus control).

Kaleidoscope:
https://kalganem.shinyapps.io/BrainDatabases/

Pyramidal Cortical SMRI
Human . I
Target Neurons Neurons Genomics Mt. Sinai
DLPFC mRNA R
mRNA Protein mRNA
1.24FC, 1.22 FC, 1.03FC,
MCT1 ND -1.15 FC*
p=0.165 p=0.039 p=0.345
1.03 FC, 1.04 FC,
MCT2 NM ND -1.16 FC*
p=0.846 p=0.055
MCT4 1.07 FC, -1.19FC, -1.69 FC, 1.01FC, -1.31FC,
p=0.752 p=0.230 p=0.0008 p=0.160 p=0.137
LDHA -1.15FC, -1.11FC, -1.46 FC, -1.11FC, -1.06 FC,
p=0.359 p=0.285 p=0.004 p=0.022 p=0.320
-1.02 FC, 1.01FC, -1.07 FC,
LDHB ND 1.08 FC*
p=0.703 p=0.860 p=0.041
HXK1 1.10FC, -1.24 FC, 1.44 FC, 1.12 FC, -1.01FC,
p=0.397 p=0.003 p=0.034 p=0.065 p=0.831
-1.23FC, -1.02 FC, -1.28 FC, -1.02 FC,
HXK2 ND
p=0.323 p=0.589 p=0.017 p=0.267
PEKM -1.32 FC, -1.43 FC, 1.36 FC, 1.05FC, 1.03FC,
p=0.039 p=0.0001 p=0.003 p=0.225 p=0.694
-1.27 FC, -1.00 FC,
PFKL NM ND -1.03 FC*
p=0.011 p=0.920
-1.09 FC, -1.02 FC, -1.23 FC,
PFKP NM ND
p=0.249 p=0.679 p=0.047
GLUTL -1.04 FC, -1.19FC, -1.58 FC, 1.07 FC, -1.03 FC,
p=0.776 p=0.009 p=0.003 p=0.029 p=0.790
1.01FC, -1.19FC, -1.01FC, 1.12 FC,
GLUT3 -1.34 FC*
p=0.907 p=0.012 p=0.962 p=0.001
-1.26 FC, -1.01FC, -1.01FC,
GPI NM ND
p=0.015 p=0.659 p=0.878

Question: Can we use a
bioinformatics approach
to identify new leads for
treatment?
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The Library of Integrated Network-
based Cellular Signatures (LINCS)
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Presentation Notes
The bioinformatics tool that im going to talk about today is a platform that uses the library of integrated network based cellular signatures database. LINCS in an NIH program that catalogs how human cells globally respond to genetic, chemical, and disease perturbagens. They’ve gone through in numerous human cell lines, and they’ve perturbed a single gene or added a single chemical such as a drug and measured gene expression changes of 978 landmark genes that were deemed important and a good representation of the transcriptome. For instance, in a human cell line, they can knock down hexokinase 1, and look at what that does to the expression of 978 other transcripts. Because we know changes in human physiology aren’t isolated. You can similarly treat a cell line with a small molecule or a drug and see how 978 genes change. Because 978 is basically 1000 im going to refer to them as the L1000 genes. 


NIH Common Fund program that catalogs how human cells globally respond to chemical, genetic, and disease perturbations. Resources generated by LINCS include experimental and computational methods, visualization tools, molecular and imaging data, and signatures. By assembling an integrated picture of the range of responses of human cells exposed to many perturbations, the LINCS program aims to better understand human disease and to advance the development of new therapies. Perturbations under study include drugs, genetic perturbations, tissue micro-environments, antibodies, and disease-causing mutations. Responses to perturbations are measured by transcript profiling, mass spectrometry, cell imaging, and biochemical methods, among other assays. The LINCS program focuses on cellular physiology shared among tissues and cell types relevant to an array of diseases, including cancer, heart disease, and neurodegenerative disorders.


Bioinformatic analyses of SCZ profile

Probe iLINCS for L1000 signatures for each of our seed genes

Seed Genes
Targets knocked NN SN AV
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knocked down?
d


Presenter
Presentation Notes
So the next thing we are going to do is see if there are signatures for each of our seed genes in the LINCS database. And there are. So in separate experiments, each one of our seed genes have been genetically knocked down in a human cell then. Then, the expression of the L1000 genes was measured. These are heat maps with each of the L1000 genes on the y axis here and the fold change of the expression level has been color coded, with more red being highly expressed and green being less expressed. And as ive mentioned, the collection of these L1000 gene changes for each seed gene knockdown is called a knockdown signature.


Can we reverse the SCZ profile?

L1000 Genes
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Probe iLINCS for chemical perturbagens
that produce L1000 signatures ANTI-
CORRELATED with our schizophrenia
signatures
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So what can we do with this information. Well, in translational research, the goal isn’t just to learn more. Its how to fix things. I mentioned that LINCS has also generated L1000 signatures when you apply chemical perturbagens. Many of these chemical perturbagens have known mechanisms of action and are even FDA approved drugs.

What if we took our knockdown signatures for our bioenergetic schizophrenia profile, and probed ilincs for chemical perts that produce signatures that are opposite? We would get a list of chemical perturbagens that in theory could reverse all the changes associated with our schizophrenia signatures.


Perturbagens that “reverse” the SCZ

Table 4.5, Top

gene.

signature

Perturbagen

Valproic acid

Seed Gene

PFKL

Concordance

-0.507504

Trifluoperazine

PFKL

-0.479188

C23H2408

PFKL

-0.442924

Thioridazine

PFKL

-0.441215

ST013886

PFKL

-0.440599

Tretinoin PFKL -0.427624
Troglitazone PFKL -0.422798
Trifluoperazine PFKL -0.422663
Fluphenazine PFKL -0.418354
Tretinoin PFKL -0.41519
Trifluoperazine HXK1 -0.415168

MLS001214919

PFKL

-0.413819

Thioridazine

PFKL

-0.410137

Genistein PFKL -0.408439
LY-294002 PFKL -0.403587
Tretinoin HXK1 -0.397106

Valproic acid

HXK1

-0.394195

ST013886

HXK1
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Tretinoin
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So to do this, ive probed iLINCS for chemicals with negative concordance values for each seed gene knockdown. Concordance values indicate how similar the signatures are between the seed genes knockdowns and all other perturbagens that have been catalogued. So if the concordant value is negative, then that means its actually anti-correlated. Ive made a table of up to 20 perturbagens with the most negative concordance values in the database. Then ive condensed that list to just the top 20 overall anti-correlated chemical perturbagens, represented in this table here. 


iLINCS Top hits

Table 4. Top 12 unique chemical perturbagens.

Chemical Description
Valproic acid Histone deacetylase (HDAC) inhibitor, voltage-gated sodium channel blocker
Trifluoperazine Typical antipsychotic drug

Irreversible phosphoinositide 3-kinase (PI3K) inhibitor, mitogen-activated protein
C23H2408, "Wortmannin" | kinase (MAPK) inhibitor at high concentrations

Thioridazine Typical antipsychotic drug

ST013886 Estradiol

Medication used for the treatment of acne and acute promyelocytic leukemia
Tretinoin (APL), prevents APL cells from proliferating

Ligand to both PPARa and more strongly PPARYy, thiazolidinedione (TZD) drug class,

Troglitazone reduces inflammation, enhances insulin sensitivity

Fluphenazine Typical antipsychotic drug

MLS001214919 Small molecule

Genistein Isoflavone with antioxidant abilities, activates PPAR isoforms a, 6, and y
LY-294002 Strong (reversible) inhibitor of phosphoinositide 3-kinases (PI3Ks)
MLS002473819 Small molecule

PPAR agonists appear...
Including class of drugs called
thiazolidinediones (TZDS)
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So with that in mind, the goal of iLINCS is to provide an integrate picture of cellular responses when the cells are perturbed. These cellular responses make up a “signature” for each perturbagen.  

Each perturbagen generates a combination of L1000 gene changes, so they really are generating a unique signature response.





Pioglitazone in NR1 model
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Puzzle box is progressively difficult

Day 1 testing: Open door, closed, closed

Day 2 testing: closed door, then underpass filled
Day 3: underpass filled, then plug, plug

Pio improves explicit memory in GIuN1 animals

Does not improve PPI, locomotor, or anxiety
measures.
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Day 10: T1 (training) open door and unblocked underpass, T2 and T3 (challenge, then learning) doorway closed and underpass open
Day 11: T4 (explicit memory) identical to T3, T5 and T6 (challenge, then learning) underpass filled with bedding (similar to that found in home cage)
Day 12: T7 (explicit memory) identical  to T6, T8 and T9 (challenge, then learning) underpass blocked by a removable cardboard plug



Pioglitazone in disorders of cognition: Chronic TBI
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Can we apply this to COVID-19?

Spike Protein (S)
glycosylated, trimeric protein

Single Stranded RNA genome of SARS CoV-2
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Multiple possible strategies

Target the virus directly- antiviral therapy

Target the host immune response-
suppression of cytokine storm

Target the host immune response-
vaccination
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Multiple possible strategies

Target the virus directly- antiviral therapy

Target the host immune response-
suppression of cytokine storm

Target the host immune response-
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ldentification of candidate
repurposable drugs to combat
COVID-19 using a signhature-based

approach
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Target the COVID-19 virus directly

|dentification of putative COVID-19 antivirals

Assessment of the structure of putative
antivirals from transcriptional signatures

Transcriptional profiles of infected cells

|dentification of drugs in large databases that
“reverse” the disease signature

Combination of putative drugs (concordant)
and transcriptional disease signatures
(discordant) into hit list of drugs




Identification of putative COVID-19 antivirals

Table 1. Drug target groupings.

Drug Canonical Anatomical Therapeutic Chemical
Drug Mechanism of )
Cluster Action First Level
1 Chloroquine Toll-like receptor Antiparasitic Products, Insecticides
Hydroxychloroquine antagonists and Repellants
2 Lopinavir Protease inhibitors Anti-Infective for Systemic Use
Ritonavir
3 Fedratinib JAK inhibitors Antineoplastic and Immunomodulating
Ruxolinitib Agents
Bariticinib
Azithromycin Macrolide antibiotic Anti-Infective for Systemic Use
5 Losartan Angiotensin receptor Cardiovascular System

blocker antagonist



		Table 1.  Drug target groupings.



		Drug Cluster

		Drug

		Canonical Mechanism of Action

		Anatomical Therapeutic Chemical



		

		

		

		First Level



		1

		Chloroquine

Hydroxychloroquine

		Toll-like receptor antagonists

		Antiparasitic Products, Insecticides and Repellants



		2

		Lopinavir

Ritonavir

		Protease inhibitors

		Anti-Infective for Systemic Use



		3

		Fedratinib

Ruxolinitib

Bariticinib

		JAK inhibitors

		Antineoplastic and Immunomodulating Agents



		4

		Azithromycin

		Macrolide antibiotic

		Anti-Infective for Systemic Use



		5

		Losartan

		Angiotensin receptor blocker antagonist

		Cardiovascular System
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Figure 2
Concordance Plot of Identified Candidate Drugs
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Correlation between DEG for COVID-19 patient sample datasets
Pearson's r: 0.032, p-value: 0.335
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Candidate repurposable drugs for the treatment of
COVID-19

Drug Drug class Antiviral properties
s . : . SARS-CoV-2, SARS-
Gemcitabine Antineoplastic, nucleoside analog CoV. MERS ®
Trametinib  Kinase inhibitor MERS-CoV ¥
- 5 32:35
Withaferin A steroidal lactone SRR
Saracatinib :Ar\]rr\]’:gﬁrgror SRC/ABL tyrosine kinase MERS-CoV %
. Antineoplastic, tyrosine kinase HCV, RNA viruses, .
Erlotinio (i or dengue, Ebola 7 Candidate drugs are FDA-approved or currently
Alvocidib  CDK Inhibitor HSV, HIV, Flu % undergoing trial; have reported antiviral properties
It I Antif I Infl 4 . . .
PEE estigational antineoplastic renss and/or anticoronavirus properties (bold). Several
Elesclomol ’ Tuberculosis . . ‘e .
elevates ROS i of the candidate drugs identified for repurposing
Dasatinib SRC tyrosine kinase inhibitor HIV “ . . .
S anobinostat HDACyinhibitor HIY are already undergoing clinical trial for COVID-19.
Candidate repurposable drugs currently in trial for COVID-19
Gallocatechin Gallate Antioxidant
Genistein Antineoplastic, Antihelminitic
Imatinib Antineoplastic
Dexamethasone Acetate Corticosteroid
Simvastatin Antilipemic
Sirolimus Macrolide lactams
Tamoxifen Methoxyaniline




		Drug

		Drug class

		Antiviral properties



		Gemcitabine

		Antineoplastic, nucleoside analog

		SARS-CoV-2, SARS-CoV, MERS 30



		Trametinib

		Kinase inhibitor

		MERS-CoV 31



		Withaferin A

		steroidal lactone

		SARS-CoV-2 32-35

 



		Saracatinib

		Antitumor, SRC/ABL tyrosine kinase inhibitor

		MERS-CoV 36



		Erlotinib

		Antineoplastic, tyrosine kinase inhibitor

		HCV, RNA viruses, dengue, Ebola 37-39



		Alvocidib

		CDK Inhibitor

		HSV, HIV, Flu 40-45



		Itrazole

		Antifungal

		Influenza 46



		Elesclomol

		Investigational antineoplastic, elevates ROS 

		Tuberculosis 47



		Dasatinib

		SRC tyrosine kinase inhibitor

		HIV 48,49



		Panobinostat

		HDAC inhibitor

		HIV 50



		Candidate repurposable drugs currently in trial for COVID-19



		Gallocatechin Gallate

		Antioxidant



		Genistein

		Antineoplastic, Antihelminitic



		Imatinib

		Antineoplastic



		Dexamethasone Acetate

		Corticosteroid



		Simvastatin

		Antilipemic



		Sirolimus

		Macrolide lactams



		Tamoxifen

		Methoxyaniline








Multiple possible strategies

Target the virus directly- antiviral therapy

Target the host immune response-
suppression of cytokine storm

Target the host immune response-
vaccination




RESEARCH ARTICLE | Comparative, Statistical, and Computational Genomics and
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COVID and the cytokine storm
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Presenter
Presentation Notes
The bioinformatics tool that im going to talk about today is a platform that uses the library of integrated network based cellular signatures database. LINCS in an NIH program that catalogs how human cells globally respond to genetic, chemical, and disease perturbagens. They’ve gone through in numerous human cell lines, and they’ve perturbed a single gene or added a single chemical such as a drug and measured gene expression changes of 978 landmark genes that were deemed important and a good representation of the transcriptome. For instance, in a human cell line, they can knock down hexokinase 1, and look at what that does to the expression of 978 other transcripts. Because we know changes in human physiology aren’t isolated. You can similarly treat a cell line with a small molecule or a drug and see how 978 genes change. Because 978 is basically 1000 im going to refer to them as the L1000 genes. 


NIH Common Fund program that catalogs how human cells globally respond to chemical, genetic, and disease perturbations. Resources generated by LINCS include experimental and computational methods, visualization tools, molecular and imaging data, and signatures. By assembling an integrated picture of the range of responses of human cells exposed to many perturbations, the LINCS program aims to better understand human disease and to advance the development of new therapies. Perturbations under study include drugs, genetic perturbations, tissue micro-environments, antibodies, and disease-causing mutations. Responses to perturbations are measured by transcript profiling, mass spectrometry, cell imaging, and biochemical methods, among other assays. The LINCS program focuses on cellular physiology shared among tissues and cell types relevant to an array of diseases, including cancer, heart disease, and neurodegenerative disorders.





Fig. 2

A) Gene Expression Signature Comparison: B) Gene Expression Signature Comparison:

Drug Treatment vs IL6 KO Drug Treatment vs TNF KO
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C) Concordance values of Drugs compared to
Inflammation Gene KO
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Fig. 3

A) Gene Expression Signature Comparison: B) Gene Expression Signature Comparison:

Drug Treatment vs ARG1 KO Drug Treatment vs CD40 KO
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C) Concordance values of Drugs compared to
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Multiple possible strategies

Target the virus directly- antiviral therapy

Target the host immune response-
suppression of cytokine storm

Target the host immune response-
vaccination
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Structure-Activity Relationship (SAR)

Using shared biological activity (e.g. gene expression profiles)
and similar structural moieties to identify a common
mechanism of action
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Connectivity Between Target Knockdown and Chemical Inhibition Signatures
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Resources!

Webinars:

https://www.utoledo.edu/med/depts/neuroscie
nces/calendar1.htmll am not a
bioinformaticist

_LINCS: https://lincsproject.org/
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