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Why Study Drug Repurposing ?

➢  3/11/14 FDA released  draft guidance outlines the following key issues in
drug development in CFS/ME: 
• The case definitions or criteria for CFS/ME used to define a patient

               population in the context of drug development ( ??)
• Recommendations for establishing efficacy in CFS/ME based

               on patient-reported symptoms & measurements of exercise capacity!

A new drug discovered today would take 15-20 years to reach the patients

Much of current drug repurposing focuses on genotypic differences,  an
Equal focus should be on phenotypic screening and clinical observations

➢ Take advantage of Knowledge gained from decades of drug development
     

▪  hematological malignancies
▪  HIV/AIDs
▪  HTLV associated inflammatory
▪  New “omic” technologies



Lipinski Arrowhead SFO 2012

Phenotypic observations
● 30% of 400 compounds profiled show new beneficial biology 

● Up to 90% of new indications are driven by “on-target” 
activities 

●Biology is complex and there is a tremendous 
amount that is not understood 

●Phenotypic screening provides an opportunity to 
identify new clinically relevant uses of existing 
molecules driven by action on known molecular 
targets



Outline of Presentation
● Abnormal Cellular Immunity in the Peripheral Blood 

of Patients With Neuroimmune Disease and Cancer 
(2013PRT)

● Review published and unpublished data of the 
immune abnormalities in neuroimmune disease, 
which suggest rationale for use of existing 
therapies 

● Use the vast drug libraries, therapies knowledge 
from HIV-1 & HTLV-1 associated disease as well as 
hematological disease



Key Contributors to Neuroimmune Disease Development



Innate Immune System –

γδT Cell

NKT Cell

pDC



Summary of Phenotypic Results

ME/CFS, CLD vs. healthy
Total Cellularity No Difference

CD45+ Leukocytes No Difference
CD45+ Lymphocytes Reduced in ME/CFS

CD45+ CD3- Lymphocytes Reduced in ME/CFS
CD3+ CD56+ NKT cells Increased in ME/CFS, CLD
CD3- CD56+ NK cells Reduced in ME/CFS, CLD

CD56DIM NK subpopulation Reduced in ME/CFS
CD56DIM CD16+ NK subpopulation Reduced in ME/CFS

CD19+ B cells Reduced in ME/CFS
CD19+ CD20+ CD23+ B subpopulation Increased in ME/CFS

CD33+ CD14+ CD123- myeloid Population Reduced in ME/CFS
Activated APCs Increased in ME/CFS, CLD



Chronic innate immune activation leads to 
chronic immunosuppression

● Presence of CD20+ CD23+ B cells, not normally seen in healthy  subjects, and activated 
APCs in some ME/CFS, CLD patients are similar to the myeloid and B cell defects 
described in HIV.

● The significant changes in the myeloid compartment including phenotypes are 
suggestive of activation of Antigen Presenting Cells (APCs, dendritic cells, monocyte/
macrophaes, microglia) 

● Defective pDC function in ME/CFS

● Increased , γδT Cells clonality in ME/CFS, CLD, CLL, MCL
■ Increased NKT compartment together with increased NK to NKT ratio.

Conclusion

 Results Suggests a similar Disease cycle of chronic innate immune activation leading to an 
immune dysregulation and chronic immunosuppression and may guide future research towards 
the development of biomarkers and treatment targets



●  CFS patient PBMCs were cultured; 3 
samples developed into immortalized cell 
lines 

● All three showed high CD20+ expression 
and two showed high CD23+ expression.  

● All three showed strong similarity to B 
cells seen in patients.  

Marker MCL WPI 1125 WPI 1186 WPI 1143
CD5 + + + +

CD23 - - + +
CD19 + + + +
CD20 + + + +
FMC7 + + - -
CD3 - - - -
CD4 - - - -
CD7 + - - -
CD8 - - - -

CD10 - - - -
CD38 + + + +
CD45 + + + +
CD56 - - - -

CD122 - - - -

HLA-DR + + + +
Lambda + + - -
Kappa + + + +

     

These Cell lines were developed from CFS patients. One, (1125) developed MCL; 
 one (1186) was developed from a bone marrow biopsy, 3rd a CLL

3 B-Cell Lines Derived Directly From CFS Patients’ 
PBMCs
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Cancer, Dec 1 2012



Cytokine signatures can serve as a diagnostic fingerprint of 
pathogens and 

Biomarkers for therapy  



A Cytokine signature in a subgroup of CFS with active virus infections and B/T 
cell clonal expansions

CYTOKINES/ 
CHEMOKINES

Patient 
N = 118

Control 
N=138

P value FUNCTION IN INFLAMMATION

IL-8 1045 13 <0.0001      RNase L  and CMV activated

MIP-1α 763 91 0.0062 Elevated in Neurodegenerative disease

MIP-1β 1985 164 <0.0001 Elevated in Neurodegenerative disease

IL-6 336 29 <0.0001      Stimulates chronic inflammation

TNF-α 148 13 <0.0001      Stimulates chronic inflammation

IL1β 500 56 <0.0001      Stimulates chronic inflammation

IP-10 98 32 <0.0001      Interferon response protein

IFN-α 35 60 <0.0001      Stimulates macrophages and NK cells to 
     elicit an anti-viral response 

IL-13 28 86 <0.0001      Inhibits inflammatory cytokine production 

IL-7 160 60 <0.0001      Stimulates proliferation of B and T 
     lymphocytes and NK cells 

Mean values in pg/ml:  Red denotes up regulation, 
 Blue denotes down regulation

in vivo 25: 307-314 (2011)



Central role of micgroglia in Neuroinflammation

Rameshe Et. Al. 2013
Mediators of inflammation



Additional Cytokine Signatures may distinguish
           CLD and ME/CFS 

▪ IL-9 and TH9 clones

▪ TGFβ

➢ Key cytokines in those signatures provide footprints for pathogen identity
    And immune dysregulation contributing to disease 



Inhibition of NFkB Prevents Cytokine Storm 
induced by certain Pathogens



TGFβ effects on Immune Cells

Nature Reviews Akhurst & Hata October 2012



 Therapeutic approaches to blocking 
TGFβ



The Role of IL9 in TH2 Immunity



▪  Fatty acid produced from High fiber diet boost your immune system
▪  provides evidence supporting the use of butyrate as
     therapy for inflammatory bowel diseases like Crohn’s disease
•  molecular basis for the role of butyrate on the production of Treg Cells



Celebrex-originally identified to block PGE2 induced inflammation 

Only certain antibiotic promote fungal overgrowth in the gut, suggesting 
Specific commensal bacteria have the ability to prevent colonization of Candida



Utility of CD57 to measure functional immune deficiency in patients
▪  autoimmue disease
▪ Infectious disease
▪ cancers





XMEN- New Primary Immune Deficiency

First PID associated with specific loss of NKG2D expression
Rituximab
Magnesium threonate supplementation



Science 342:866 (2013APDS- a new PID 

Characterized by:
▪  recurrent respiratory infections
▪  increased circulating Transitional B Cells
▪ Increased IgM
▪ Decreased IgG
▪ Impaired responses to vaccines



Recent advance in genomic technologies have identified ~1000 
nuclear genes that regulate mitochondrial function …
Vaccine and Infectious Disease Organization and
Dept. of Veterinary Microbiology



Ramesh et al

mTOR a master regulator of Neuroimmune Disease?





New Technologies provide new opportunities for drug repurposing: 
 Comprehensive Sequence Analysis of Nuclear mitochondrial genes

● NGS for variants in the nuclear mitochondrial exome that contribute 
to neurological disorders whose symptoms resemble mitochondrial 
disease.

Case Reports In CFS patients Results:

▪  Abnormal autosomal dominant Variant was found in SCN4A gene 
that is likely a pathological mutation

▪ Pathological mutations found in two other patients also with 
multiple functional conditions (ME/CFS)

•  Drugs targeting channelopathies (Diamox)
▪  mitochondrial targets mTOR (Rapamycin)
▪  apoptosis



Germline RNASEL variants ME/CFS, CLD and Cancer



miR-155 a new target in ME/CFS?
● miR-155 has distinct expression profiles

● Plays crucial role in various physiological and pathological processes such 
as haematopoietic lineage differentiation, immunity, inflammation, cancer, 
and cardiovascular diseases miR-155 has been implicated in chronic DNA 
viral infections

● Been implicated in viral infections, particularly in those caused by DNA 
viruses.

Annals of Neurology  2013



Pathogenesis of HTLV-I
● Adult T cell leukemia

- Clonal malignancy of CD4+ T cells.
● - Long latency; neonatal transmission 
● - Immune deficiency 

● Prolonged survival/remission can be obtained by treatment with IFN-α and AZT

● Inflammatory syndromes:
- HTLV-I associated myelopathy/

Tropical spastic paraparesis
            - uveitis

- arthropathy

●Asymptomatic in majority of individuals:
●       -  HTLV-I carriers: 5-8% lifetime risk of developing disease 



● Dendritic cells- potent antigen-presenting cells:
– Play a central in immune responses against viruses 
–  Located at sites of viral entry

●  Mucosal membranes
●  Peripheral blood

● 2 types of DC in peripheral blood:
–  Myeloid dendritic cells (conventional DC)

● classical APCs
● initiate the activation of T cells

–  Plasmacytoid dendritic cells
● innate immune response (IFN-α)
● Link innate and adaptive immunity  

●   

Viruses can interfere with immune responses
 Many viruses use DC to facilitate spread
●

Dendritic Cells vs. Viruses

Dendritic cell

T cell O. Schwartz; 
Nat Cell Bio



Interactions of Viral or Self nucleic Acid with plasmacytoid  DCs



Level of IFN-α Secreted by pDC Exposed 
to Viruses and TLR7 Agonist 
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Original assay Science 2009

Plasma 

FACS analysis of Murine Cell Line 
+/- SFFV Env 

- SFFV Env + SFFV Env 

Plasma from CFS patients block binding of SFFV Env rat mAb to the B 
cell line expressing SFFV Env, demonstrating specificity

The biomarker for patient population in our studies is 
the antibody to SFFV–ENV-SU

An ANTIBODY POSITVE RESULT DOES NOT NECESSARILY SHOW
THE PRESENCE OF A REPLCIATION COMEPTENT RETROVIRUS

What Could be the basis of SFFV ENV Reactivity in Man ?



HTLV/STLVs SU Contains a VEGF exon 8-like Motif    

VEGF165 exon 8 C D K P R R 
HTLV-1 SU (90-94)     K K P N R 

VEGF165 exon 8
HTLV-1 SU
HTLV-2 SU 
HTLV-3 SU  
STLV-1 SU
STLV-2 SU 
STLV-3 SU 

- HTLV-1 SU has a region homologous to VEGF165 exon 8 	  
- Consensus motif (KPxR) found in 99% (308/311) of HTLV and STLV SU  
- This region contains the 3 residues in VEGF165 that directly interact with NRP-1 
- Arg 94 residue of SU- critical for infection (Delamarre, J. Virol, 1997)

** * 



What does VEGF mimicry mean with regard to  drug repurposing?



 ARVs provide therapeutic benefit in some 
patients with autoimmune, Neuroimmune 

Disease and Cancer

Beneficial Effects could be against:

◆ An exogenous Replication Competent Retroviruses

◆ An expressed endogenous virus in an immune compromised individual

◆ A defective virus expressing only viral proteins

◆ Aberrantly expressed cellular RNA including miRNA (regulatory)



 Published: March 13, 2013
    DOI: 10.1371/journal.pone.0057380

Suramin 

The Latest “ome” : Metabolome studies reveal new uses for old drugs 



Conclusion 

Drug repurposing holds tremendous promise 
of IMMEDIATE new therapies for patients with
complex chronic diseases including:

▪ ME/CFS
▪ CLD 
▪ ASD
▪ MS
▪ PD
▪ ALS
▪ AD



BACKUP SLIDES 



Is IFN-α Production in pDC Exposed to HTLV-1 Blocked by Competition for TLR 

Signaling?   
16 hours 72 hours 

Exposed to 
AT-2 HIV   

Exposed to 
AT-2 HIV  and 

HTLV-1   

Intracellular IFN-α

Appears block to IFN-α production is subsequent to TLR signaling

HTLV-1 
protein?

HTLV-1 
RNA?



Elevation of type 1 IFN leads to apoptosis of RBC, exhaustion of CTL and poor Virus control





Microbiota effects on immunity


