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DEFINITION: - The integrated body system of  organs, 

tissues, cells & cell products that differentiates self  from 

non – self  & neutralizes potentially pathogenic organisms.
(The American Heritage Stedman's Medical Dictionary)

Errors in this recognition lead to autoimmune diseases, 

like type 1 diabetes, arthritis.

The Latin term “IMMUNIS” means EXEMPT, referring 

to protection against foreign agents.

Immune System
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What happens when a virus 

infects a host?

Innate                       Immediate

Adaptive                  Delayed (1-2 weeks)

Crosstalk



Time Course for 

Induction of Antiviral Response



Antiviral

Vaccine



Recognition of viral infection

How does a cell know it’s infected 

and what can it do about it?



Toll Is Required for 

Antifungal Response in Drosophila

Jules Hoffmann provided 

the first evidence that Toll 

receptors mediate immune 

defense and received 

Nobel Prize in 2011



How are pathogens recognized?

i.e. what turns on innate responses?



Toll-like receptors (TLRs)

• pattern recognition receptors recognize 
pathogen associated molecular patterns 
(PAMPs)

• Can identify a foreign invader (virus, bacterial, 
etc) via a conserved microbial product and 
initiate the innate response

• 13 identified in mammals





“Interferons are protein components of animal cells 

which are synthesized and excreted under a 

variety of stimuli and make other cells of the 

same species incapable of replicating virus”.

DeSomer and Cocito 1968

Interferons



Type I IFNs:

◼ IFN-a (12 sub-types) and IFN-b

◼ are induced by viral infection of any cell type

Type II IFN:

◼ IFN-g 

◼ is induced by NK cells and macrophages and when T 

helper lymphocytes are stimulated to replicate and 

divide after binding a foreign antigen

Type III IFN:
◼ IFN-λ1, IFN-λ2 and IFN-λ3

Interferons



What induces Type I IFNs?

• Something in viruses

– Influenza virus - heat and UV treated  

– DNA viruses inactivated 

normal

dsRNA is best activator of IFN genes



IFN is induced by many other 
substances

• viruses DNA (active) and RNA (active and

inactive) 

• bacteria (esp. gram-negative) 

• live/killed mycoplasma 

• protozoa 

• nucleic acids esp. dsRNA

Toll like receptors

CPRR



Inhibition cell growth

Inhibition viral replication

Activation immune system

Anti-viral State

Adaptive immune response

Type I IFN 

Production & action

IFN



Biological Activities of IFN

Signal

ISG
IFN-induced

protein

Inhibition of

viral replication

Inhibition of 

Cell Growth

Regulation of

Cell differentiation

Activation of 

Immune System

Apoptosis

JAK/STAT



Virus Sensitivity to IFNs

Small RNA viruses - picornaviruses

Small DNA viruses - papillomavirus

Large RNA viruses - Flu, rotovirus

Large DNA viruses - Herpes, poxvirus



1980: IFN “Golden Bullet”



Clinical Use of IFNs

• Viral Infections

– Hepatitis B and C

– HPV warts

– RSV

• Cancer

– Hairy cell Leukemia 

(90% effective)

– Follicular lymphoma

– cervical (HPV)

– basal cell cancer 

(80-90%)

– Kaposi’s sarcoma 

(HHV type 8)

⚫ Other conditions - chronic granulomatous disease (IFN-g)

- multiple sclerosis

- inflammatory bowel diease



IFN Therapy

Before IFN therapy

Human papillomavirus warts



Treatment of human papillomavirus with 
peg-interferon alfa-2b and ribavirin

Before

After



HCV infection

Treatment



Covid-19: 
IFN-I & Clinical Symptoms







Canonical JAK-STAT pathway 

Levy & Darnell (2002)
Nature Reviews Molecular Cell Biology 3, 651-662

JAK - Janus Kinase
STAT - Signal Transducer and 
sssssssActivator of Transcription



General triggers of 

JAK-STAT pathway

Levy & Darnell (2002)
Nature Reviews Molecular Cell Biology 3, 651-662

Cytokines

interferons

interleukines

Growth factors

EGF

PDGF

Bacterial molecules

LPS

LTA

dsRNA

Src and Abl kinases

G-coupled receptors

AngII



STAT Family: Structure



STAT-DNA Binding



STATs in 

Health 

& 

Disease



Canonical 

IFN-

signaling 

(1990)

Sekrecka et al. Front in Immunol. 2018



IFN-I Signaling: 

pSTAT1, pSTAT2 & IRF9

IFN-I

Sekrecka et al. 2018Yamauchi et al., Scientific Rep 2016



RNA-seq Work Flow



Sekrecka et al. 2019

IFN-I Signaling: 

ISG expression ~ different clusters

76 172 62 153

RNAseq on Huh-7.5 -/+ IFN-I



ISG Expression in IFN-I treated cells

ter_ID Description log10 p-value

GO:0002376 immune system process -29.12

GO:0051607 defense response to virus -28.38

GO:0002252 immune effector process -25.61

GO:0006955 immune response -21.24

GO:0045087 innate immune response -19.97

GO:0019882 antigen processing and presentation -10.24

GO:0002682 regulation of immune system process -10.01

GO:0042089 cytokine biosynthetic process -5.04

GO:0042107 cytokine metabolic process -4.91

GO:0009617 response to bacterium -4.44

GO:0032608 interferon-beta production -4

GO:0032606 type I interferon production -4

GO:0045343
regulation of MHC class I biosynthetic 

process
-3.23

Expression view – 124 up regulated genes

time (h)

0 4 8 24

1

2

3

4

5

6

7

8

E
x
p

re
s
s
io

n
 -

R
a
ti
o

Gene Ontology

Anti viral response



Enriched GO Terms within specific cluster 

Protection against viral infection

Cluster
Go 

number
GO Term p-value

A
GO:0006952 defense response 4.72E-17

GO:0051607 defense response to virus 1.63E-15

GO:0009615 response to virus 1.39E-14

B
GO:0035458  cellular response to interferon-beta 5.73E-13

GO:0035456 response to interferon-beta 1.86E-12

GO:0034340 Response to type I interferon 4.85E-07

C
GO:0002376  immune system process 3.76E-06

GO:0006955 immune response 3.36E-04

GO:0060339
negative regulation of type I 

interferon-mediated signaling pathway
8.17E-04

D
GO:0002483  

antigen processing and presentation of 
endogenous peptide antigen

2.44E-09

GO:0002474
antigen processing and presentation of 

peptide antigen via MHC class I
2.44E-09

GO:0001914
regulation of T cell mediated 

cytotoxicity
7.26E-07

Cluster Genes

A

Batf2

Oasl1

Rsad2

Oas1a

Oas2

Ifi47

Cxcl10

Tyki

Gbp10

LOC435565

Gbp6

D14Ertd668e

Mx2

Oas1b

Irf7

LOC100048346

Usp18

LOC667370

Trim30

Oasl2

Sp100

Oas1g

ISG Expression in IFN-I treated cells



ChIPseq Work Flow



IFN-I signaling: 

pSTAT1, pSTAT2 & IRF9 DNA-binding

Sekrecka et al. 2019



IFN-I-mediated Anti-viral responses

Blaszczyk et al., Biochem J, 2015

MOI 0.3 



Time-dependent 

IFN-induced 

-Complex 

formation

-DNA-binding &

-ISG transcription

Antiviral 

Response

IFN-I signaling & action



STAT3: A target for many human cancers
50-90% STAT3 activation in:

Hua Yu - Marcin Kortylewski et al., 2007



Yu et al., 2007

STAT3: Point of convergence

in oncogenic signaling



STAT3 activation in Cancer

Kortylewski M. and Yu H., 2007



Yu et al., 2007

Multiple roles of STAT3 activation

in tumor cells



Gene therapy with DN-STAT3 

Involves “Bystander effects”

Niu et al., 1999

Murine Melanoma 

B16 Tumors

15% electroinjected

50-90% apoptotic

Influx immune cells 

pDN-STAT3pEGFP



STAT3 is critical for 

Tumor Angiogenesis  



Critical role of tumor STAT3 

Activation in Immune Evasion  

pEGFP pDN-STAT3

Influx of immune cells

Increased apoptosis



Role of STAT3 in Oncogenesis 

& Tumor Metastasis

STAT3: 

a novel multi-functional 

protein involved in 

tumor development

tumor progression 

tumor-induced immuno

suppression

metastasis 

in different types of 

cancer. 



STAT3 in Cancer

Solid Tumors - Small molecule

inhibitors

compounds

phosphopeptides

peptidomimetics

- Gene therapy

DN-STAT3

SOCS3

- RNAi + targeting 

vectors

- Combination therapy

Immune therapy

Inhibition of tumor development + progression



Sikorski et al., CGFR 2011

STAT Structure & Dimerization

Interacting 

SH2-domain

STAT-dimer



Phosphorylated

tyrosine

Structural information: STAT1-STAT3

Chen et al., 1998, Cell, 93:827

SH2 

domain 

monomer I

SH2   

domain 

monomer II

Phosphotyrosine 

binding pocket

Becker et al., 1998, Nature, 394:145

Small compound

inhibitor



Application of computational modelling in 
virtual screening to identify the compound 

S3I-201 from a chemical database

Siddiquee K. et.al. PNAS 2007;104:7391-7396



Siddiquee K. et.al. PNAS 2007;104:7391-7396

STAT3 inhibitory compound

Dimerization

DNA binding



Evaluation for effects of S3I-201 
on STAT-DNA binding 

Siddiquee K. et.al. PNAS 2007;104:7391-7396



S3I-201 inhibits 
anchorage-dependent 
and -independent 
growth only of cells that 
contain persistently 
active Stat3

Siddiquee K. et.al. 

PNAS 2007;104:7391-7396



In vivo Tumor growth inhibition 
by S3I-201

Siddiquee K. et.al. PNAS 2007;104:7391-7396

Human breast (MDA-MB-231) 

tumor-bearing mice



Debnath et al., 2012

STAT3 inhibitors in clinical trials



SINBAD Database

Plens-Gałąska et al. 2022 Scientific Data



GLG Pharma





GLG Pharma: Pipeline



Triple negative

Breast Cancer

GLG Pharma: Pipeline



Polycystic Kidney disease

GLG Pharma: Pipeline



GLG Pharma: Pipeline

GLG-302



GLG Pharma: Pipeline



GLG Pharma: Pipeline
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