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•  In 2006, scientists showed the presence of retroviral sequences in ~10% of 
prostate tumors 

•  Sequencing revealed that the sequences were most closely related to 
xenotropic murine leukemia virus (a gammaretrovirus) 

•  Named xenotropic murine leukemia-related virus (XMRV) �



u Archival	
  Tissue	
  and	
  RNA	
  from	
  original	
  Prostate	
  samples	
  contained	
  no	
  XMRV	
  
u Analysis	
  of	
  viral	
  genomic	
  and	
  mitochondrial	
  sequence	
  revealed	
  all	
  previously	
  iden(fied	
  strains	
  	
  
	
  	
  	
  	
  	
  	
  are	
  iden(cal	
  
u Archival	
  RNA	
  had	
  been	
  contaminated	
  by	
  an	
  XMRV	
  infected	
  	
  laboratory	
  cell	
  line	
  

CONCLUSION:	
  
XMRV	
  is	
  not	
  a	
  naturally	
  occurring	
  human	
  or	
  animal	
  infec(ons	
  
	
  
u PITFALL	
  :	
  GARBAGE	
  IN	
  GARBAGE	
  OUT!	
  



Six WPI DNA Samples shown in Fig. 1 of the original study  
analyzed by the Silverman Lab in 2009 contained VP-62 plasmid 



Original DNA Samples were negative for XMRV plasmid 

* * * 

u Pi;all:	
  	
  Choose	
  your	
  collaborators	
  wisely!!	
  



PCR	
  performed	
  with	
  USB	
  HotStart-­‐IT	
  
FideliTaq	
  Master	
  Mix	
  
	
  
94°C	
  	
  2	
  min	
  	
  
45	
  cycles:	
  
94°C	
  	
  	
  	
  	
  	
  30	
  sec,	
  54.8°C	
  	
  30	
  sec,	
  72°C	
  ,	
  30	
  sec	
  	
  
72°C	
  	
  	
  3	
  min.	
  
	
  
	
  
	
  

	
  
Non-­‐specific	
  	
  (Human	
  DNA)	
  
XMRV	
  Gag	
  

All	
  three	
  are	
  nega(ve	
  for	
  IAP	
  and	
  nega(ve	
  
for	
  CMV385F/XMRV528R	
  	
  primers	
  for	
  VP62	
  
junc(on	
  fragment	
  
	
  
Sequencing	
  of	
  bands:	
  

Independent Reanalysis of archival samples used in Original Study Detected 
XMRV gag without plasmid or mouse contamination  
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Cell-Free Transmission of XMRV from PCR-negative CFS 
Patients’ Plasma to LNCaP cells 
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Direct Isolation of XMRV Protein From Plasma of CFS Patients  
By Immunoprecipitation with Anti-X-MLV Antibodies 

p30 gag 

p12 gag 



Clones  

Clones  

v The main XMRV/ in this patient is unlikely to be VP-62 

Clones of XMRV Env SU Similar to Polytropic 
XMRVs 

Pi;all:	
  Extraordinary	
  measures	
  are	
  required	
  to	
  rule	
  out	
  contaminaGon!	
  	
  



XMRV (P)  

Phylogenetic Tree of 
XMRV(P) and Other 
Gammaretroviruses 
detected in original 

cohort 



 Horizontal Spread of Gammaretroviruses in Tissue Culture 
 

Zhang et al.,  Cancer, Biol. Ther.  2011, 12:617 

PITFALL	
  :	
  ability	
  of	
  these	
  viruses	
  to	
  spread	
  to	
  uninfected	
  cells	
  through	
  aerosolizaGon	
  



Lack	
  of	
  reproducibility	
  of	
  sequence	
  data	
  closed	
  the	
  study	
  of	
  XMRV	
  
	
  in	
  human	
  disease	
  

recent	
  data	
  says	
  NOT	
  SO	
  FAST	
  



August	
  2013	
  



Level of 
consensus 

XMRV-2 

XMRV-1 

93%	
  overall	
  homology	
  

Gary	
  Owens	
  lab	
  
November	
  10,	
  2009	
  
Published	
  2013	
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XMRV-2 (B4RV) Infected LNCaP Cells Secreted Factors that Repressed 
Expression of SMC Marker Genes but Activated MMP9  
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XMRV2 (B4RV) Infected Tumors were 
Hemorrhagic 

LNCaP 
LNCaP-XMRV2 

Infect 

LNCaP 40x Infect 40x 



Owens Conclusions Nov. 2009: 
1.  B4 tumor cells harbor a retrovirus sharing ~93% homology 

to XMRV-1 - we have designated it XMRV-2. 
 
2.  XMRV-2 is capable of infecting and stably integrating into 

the genome of a human prostate tumor cell line LNCaP 
which contains a loss of function deletion mutation within 
the RNAaseL familial prostate cancer susceptibility gene-1. 

 
3.  XMRV-2 infected LNCaP cells show multiple functional 

changes associated with increased tumorgenicity and/or 
metastasis including increased growth, altered migration 
and adhesion, and secretion of factors that decrease 
vascular SMC differentiation.  



Replica(on	
  competent	
  Retroviruses	
  in	
  
10	
  Days!	
  

§  Are	
  two	
  RCRs	
  made	
  by	
  passing	
  human	
  prostate	
  (ssue	
  through	
  mouse;	
  XMRV,	
  
BRV4	
  (second	
  recombinant	
  infec(ous	
  virus	
  occurring	
  in	
  	
  human	
  cells)	
  

§  Addi(onal	
  XMRV-­‐like	
  viruses	
  may	
  exist	
  

§  They	
  do	
  not	
  have	
  to	
  be	
  the	
  exact	
  sequence	
  of	
  XMRV	
  (VP62)	
  
	
  



Cotransfection of PreXMRV-1 and PreXMRV-2 produces replication-competent virus.  

Delviks-Frankenberry K et al. J. Virol. 2013;87:11525-11537 

Pigall:	
  RCR	
  XMRVs	
  are	
  not	
  unique	
  or	
  infrequent!	
  



Although	
  it	
  is	
  highly	
  unlikely	
  that	
  either	
  XMRV	
  VP62	
  or	
  B4Rv	
  themselves	
  infect	
  
humans	
  and	
  are	
  pathogenic,	
  the	
  results	
  suggest	
  that	
  xenograh	
  approaches	
  
commonly	
  used	
  in	
  these	
  studies	
  of	
  human	
  cancer	
  promote	
  the	
  evolu(on	
  of	
  
novel	
  retroviruses	
  with	
  pathogenic	
  proper(es.	
  
	
  
Similar	
  retroviruses	
  may	
  have	
  evolved	
  to	
  infect	
  humans!	
  



Conclusions	
  Owens	
  et	
  al.	
  

•  ENV	
  proteins	
  from	
  both	
  viruses	
  impact	
  tumor	
  
pathogenesis	
  (change	
  microvasculature)	
  	
  

•  Similari(es	
  to	
  Vascular	
  Pathologies	
  seen	
  in	
  
ME/CFS	
  

•  These	
  Microvasculature	
  aberra(ons	
  caused	
  
solely	
  by	
  XMRV	
  ENV	
  protein	
  



An(bodies	
  to	
  SFFV	
  ENV	
  Reproducibly	
  Detected	
  in	
  Human	
  Popula(on	
  



 N-Terminus of SFFV ENV allows recognition of most potential XMRVs 
using monoclonal antibody 7C10 



Original	
  assay	
  Science	
  2009	
  

Plasma 
 

FACS	
  analysis	
  of	
  Murine	
  Cell	
  Line	
  	
  
+/-­‐	
  SFFV	
  Env	
  	
  

-­‐	
  SFFV	
  Env	
  	
   +	
  SFFV	
  Env	
  	
  

	
  

	
  

	
  

Plasma	
  from	
  CFS	
  pa(ents	
  block	
  binding	
  of	
  SFFV	
  Env	
  rat	
  mAb	
  to	
  the	
  B	
  cell	
  line	
  
expressing	
  SFFV	
  Env,	
  demonstra(ng	
  specificity	
  

PaGent	
  SelecGon:	
  the	
  biomarker	
  for	
  paGent	
  populaGon	
  in	
  our	
  
studies	
  is	
  the	
  anGbody	
  to	
  gamma	
  retrovirus–ENV	
  	
  

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

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



Plasmacytoid	
  DendriGc	
  Cells	
  in	
  the	
  Duodenum	
  of	
  Individuals	
  Diagnosed	
  with	
  
Myalgic	
  EncephalomyeliGs	
  Are	
  Uniquely	
  ImmunoreacGve	
  to	
  AnGbodies	
  to	
  
Human	
  Endogenous	
  Retroviral	
  Proteins	
  	
  
KENNY	
  L.	
  DE	
  MEIRLEIR3	
  et	
  al.,	
  	
  In	
  Vivo,	
  27:177	
  (2013)	
  
	
  
	
  
This	
  manuscript	
  claims	
  that	
  	
  SFFV	
  an(bodies	
  cross	
  react	
  with	
  human	
  
endogenous	
  retroviral	
  proteins	
  like	
  HERV-­‐K	
  	
  env	
  
	
  
The	
  only	
  data	
  in	
  the	
  paper	
  using	
  an(	
  HERV	
  protein	
  an(bodies	
  is	
  Fig	
  1,	
  which	
  
shows	
  that	
  HERV-­‐K	
  env,	
  HERV-­‐K	
  gag,	
  HERV-­‐FRD	
  env	
  and	
  HERV-­‐R	
  env	
  reac(vity.	
  
These	
  are	
  the	
  only	
  and	
  last	
  data	
  showing	
  any	
  reac(vity	
  with	
  HERV	
  an(bodies	
  
	
  
In	
  Fig	
  2,	
  they	
  show	
  reac(vity	
  using	
  a	
  rat	
  monoclonal	
  SFFV	
  	
  ENV	
  and	
  goat	
  an(	
  MLV	
  
gag)	
  used	
  in	
  the	
  science	
  paper.	
  There	
  is	
  only	
  one	
  cell	
  in	
  which	
  they	
  show	
  these	
  
reac(vity	
  merge!!!.	
  The	
  rest	
  of	
  the	
  paper	
  is	
  done	
  only	
  with	
  an(	
  SFFV	
  Env	
  
	
  
In	
  the	
  results	
  	
  the	
  authors	
  state	
  that	
  this	
  suggests	
  that	
  the	
  an(	
  gammaretroviral	
  
an(bodies	
  were	
  cross-­‐reac(ve	
  with	
  the	
  HERV	
  an(gens.	
  No	
  a	
  compelling	
  evidence	
  
is	
  given	
  to	
  support	
  this	
  statement	
  is	
  true.	
  They	
  then	
  proceed	
  to	
  use	
  only	
  an(	
  SFFV	
  
as	
  a	
  marker	
  for	
  HERV	
  an(gen	
  reac(vity	
  in	
  the	
  rest	
  of	
  the	
  paper.	
  	
  



NP-­‐7	
  -­‐	
  mouse	
  line	
  expressing	
  lots	
  of	
  SFFV	
  gp55	
  
MCF-­‐7	
  human	
  breast	
  line	
  expressing	
  HervK	
  env	
  
7C10	
  rat	
  monoclonal	
  An(body	
  against	
  SFFV	
  gp55	
  

Lane	
  1-­‐4=	
  NP7	
  IP	
  with	
  7C10	
  
Blot	
  with	
  Indicated	
  an(bodies	
  
	
  
Lane	
  5	
  and	
  6	
  =	
  cell	
  lysates	
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Lack	
  of	
  cross	
  reac(vity	
  between	
  Herv	
  K	
  and	
  SFFV	
  Env	
  	
  





	
  ARVs	
  provide	
  therapeu(c	
  benefit	
  in	
  some	
  pa(ents	
  with	
  
autoimmune,	
  Neuroimmune	
  Disease	
  and	
  Cancer	
  

Beneficial	
  Effects	
  could	
  be	
  against:	
  
	
  
u An	
  exogenous	
  Replica(on	
  Competent	
  Retroviruses	
  
	
  
u An	
  expressed	
  endogenous	
  virus	
  in	
  an	
  immune	
  compromised	
  individual	
  
	
  
u A	
  defec(ve	
  virus	
  expressing	
  only	
  viral	
  proteins	
  
	
  
u Aberrantly	
  expressed	
  cellular	
  RNA	
  including	
  microRNA	
  (regulatory)	
  



Would	
  	
  more	
  sensi(ve	
  technologies	
  find	
  retroviruses	
  in	
  other	
  well	
  
–characterized	
  CFS	
  cohorts	
  ?	
  

Pigall	
  	
  :	
  Unsupported	
  conclusions	
  hurt	
  the	
  field	
  
Pigall	
  	
  :	
  	
  findings	
  were	
  reproducible	
  using	
  different	
  technologies?	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Different	
  technologies	
  yield	
  different	
  results	
  





•   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 



In Chronic Disease, Viruses Rarely Travel Alone 



Hypothesis: 
A family of human gamma retroviruses that 

selectively infect individuals with loss of 
function polymorphisms/mutations of the 
cancer  (disease) susceptibility gene 
RNASEL, and that infection increases 
abnormal properties such as growth and/
or the metastatic properties of the tumor, 
stromal cells and immune cells.  



Key	
  Contributors	
  to	
  Chronic	
  Diseases	
  	
  



Recent	
  advance	
  in	
  genomic	
  technologies	
  have	
  iden(fied	
  ~1000	
  
nuclear	
  genes	
  that	
  regulate	
  mitochondrial	
  func(on	
  …	
  
Vaccine	
  and	
  Infec(ous	
  Disease	
  Organiza(on	
  and	
  
Dept.	
  of	
  Veterinary	
  Microbiology	
  
University	
  of	
  Saskatchewan	
  



New	
  Technologies:	
  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	
  Report	
  Results:	
  
§  	
  Abnormal	
  autosomal	
  dominant	
  Variant	
  was	
  found	
  in	
  SCN4A	
  gene	
  that	
  is	
  

likely	
  a	
  pathological	
  muta(on	
  
§  Pathological	
  muta(ons	
  found	
  in	
  two	
  other	
  pa(ents	
  also	
  with	
  mul(ple	
  

func(onal	
  condi(ons	
  (ME/CFS)	
  

New	
  Concepts:	
  drugs	
  targe(ng	
  channelopathies	
  (Diamox)	
  and	
  key	
  mitochondrial	
  targets	
  mTOR	
  



Chronic	
  innate	
  immune	
  ac(va(on	
  leads	
  to	
  
inflamma(on	
  and	
  immune	
  dysregula(on	
  

•  Presence	
  of	
  CD20+	
  CD23+	
  B	
  cells,	
  not	
  normally	
  seen	
  in	
  healthy	
  	
  subjects,	
  and	
  
ac(vated	
  APCs	
  in	
  some	
  ME/CFS,	
  CLD	
  pa(ents	
  are	
  similar	
  to	
  the	
  myeloid	
  and	
  
B	
  cell	
  defects	
  described	
  in	
  other	
  retroviral	
  associated	
  Diseases.	
  

•  The	
  significant	
  changes	
  in	
  the	
  myeloid	
  compartment	
  including	
  phenotypes	
  
are	
  sugges(ve	
  of	
  ac(va(on	
  of	
  An(gen	
  Presen(ng	
  Cells	
  (APCs)	
  .	
  

•  Increased	
  ,	
  γδT	
  Cells	
  clonality	
  in	
  ME/CFS,	
  CLD,	
  CLL,	
  MCL	
  
n  Increased	
  NKT	
  compartment	
  together	
  with	
  increased	
  NKT	
  to	
  NK	
  ra(o.	
  
n  Major	
  changes	
  in	
  inflammasome	
  
	
  
Conclusion	
  
	
  Results	
  suggests	
  a	
  similar	
  Disease	
  cycle	
  of	
  chronic	
  innate	
  immune	
  ac(va(on	
  
leading	
  to	
  an	
  immune	
  dysregula(on	
  and	
  chronic	
  immunosuppression	
  and	
  may	
  
guide	
  future	
  research	
  towards	
  the	
  development	
  of	
  biomarkers	
  and	
  treatment	
  
targets	
  



Emerging	
  Concepts	
  
•  Recombina(on	
  events	
  in	
  animal	
  and	
  human	
  cells	
  
can	
  generate	
  families	
  of	
  infec(ous	
  related	
  
gamma	
  retroviruses	
  

•  Greatest	
  concern	
  is	
  that	
  they	
  may	
  acquire	
  the	
  
ability	
  to	
  infect	
  humans	
  

•  Are	
  XMRV	
  sequences	
  and	
  proteins	
  important	
  in	
  
human	
  disease	
  pathogenesis?	
  

•  Therapies	
  to	
  counteract	
  environmentally	
  induced	
  
aberrant	
  gene	
  RCR	
  expression,	
  inflamma(on	
  
immune	
  dysregula(on	
  urgently	
  need	
  to	
  be	
  
addressed	
  

	
  



Thank	
  you	
  



Cytokine	
  signatures	
  can	
  serve	
  as	
  a	
  diagnos(c	
  fingerprint	
  of	
  	
  
pathogens	
  and	
  	
  

Biomarkers	
  for	
  therapy	
  	
  	
  



	
  Addi(onal	
  Dis(nct	
  Signatures	
  in	
  subgroups	
  of	
  ME/CFS	
  	
  



Pathways	
  of	
  Retrovirus	
  Elicited	
  Pathogenesis	
  

•  Inflamma(on	
  /	
  hormone	
  regula(on	
  

•  ROS	
  /	
  RNS	
  

•  Immune	
  deficiency	
  

•  Epigene(cs	
  —	
  change	
  in	
  gene	
  expression	
  without	
  
a	
  DNA	
  change	
  

•  Inser(onal	
  mutagenesis	
  

•  RVs	
  can	
  be	
  ver(cally	
  transmiwed	
  

•  RVs	
  can	
  recombine	
  with	
  aberrantly	
  expressed	
  
endogenous	
  RVs	
  crea(ng	
  RCRs	
  



Our results shed light onto a previously unappreciated 
role for immunity in the control of ERVs and provide a 
potential mechanistic link between immune activation by 
microbial triggers and a range of pathologies associated 
with ERVs, including cancer.	
  

November	
  2012	
  



10
0

10
1

10
2

10
3

10
4

FL1-H: 14/anti-hu Fitc

0

50

100

150

#
 C

e
ll
s

10
0

10
1

10
2

10
3

10
4

FL1-H: 14/anti-hu Fitc

0

50

100

150

200

#
 C

e
ll
s

10
0

10
1

10
2

10
3

10
4

FL1-H: 14/anti-hu Fitc

0

100

200

300

#
 C

e
ll
s

Case report 3058 : plasma Gag RNA + and seropositive CFS/CLL 


