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What is the human microbiome? 

Human Microbiome Map 



What is the importance of the 
microbiome in disease? 

•  Dysbiosis – loss of 
commensal and gain of 
pathogenic microbes 

•  Generally loss of diversity 
is a characteristic of the 
disease state 

•  Characterizing microbial 
biomarkers for disease 
prediction (i.e. eczema)  

Nature Reviews Microbiology 9, 279-290 (April 2011) 



The microbiome: diagnosis and 
treatment of disease  

As	
  a	
  mechanism	
  to	
  ameliorate	
  infec0on:	
  
Stool	
  subs)tute	
  transplant	
  therapy	
  for	
  the	
  eradica0on	
  of	
  
Clostridium	
  difficile	
  infec)on:	
  'RePOOPula0ng'	
  the	
  
gut.Petrof	
  EO,	
  Gloor	
  GB,	
  Vanner	
  SJ,	
  Weese	
  SJ,	
  Carter	
  D,	
  
Daigneault	
  MC,	
  Brown	
  EM,	
  Schroeter	
  K,	
  Allen-­‐Vercoe	
  E.	
  
Microbiome.	
  2013	
  Jan	
  9;1(1):3.	
  doi:	
  10.1186/2049-­‐2618-­‐1-­‐3.	
  
	
  
As	
  a	
  therapeu0c	
  for	
  inflammatory	
  bowel	
  disease:	
  
Intra-­‐luminal	
  Lactococcus	
  lac)s	
  expressing	
  interleukin	
  
(IL)-­‐27	
  is	
  a	
  poten)al	
  future	
  therapeu)c	
  for	
  inflammatory	
  
bowel	
  disease.	
  McLean	
  MH,	
  Hanson	
  M,	
  Gold	
  B,	
  Golubeva	
  Y,	
  
Anver	
  M,	
  Wu	
  X,	
  Sun	
  D,	
  Steidler	
  L,	
  Durum	
  S.	
  14th	
  Annual	
  NCI	
  
CCR	
  Fellow	
  and	
  Young	
  Inves)gators	
  Colloquium.	
  2014.	
  	
  
	
  
As	
  a	
  screening	
  	
  tool	
  for	
  colorectal	
  cancer:	
  	
  
The	
  Human	
  Gut	
  Microbiome	
  as	
  a	
  Screening	
  Tool	
  for	
  
Colorectal	
  Cancer.	
  Joseph	
  P.	
  Zackular,	
  Mary	
  A.M.	
  Rogers,	
  
Mack	
  T.	
  Ruffin	
  IV,	
  et	
  al.	
  Cancer	
  Prev	
  Res	
  Published	
  
OnlineFirst	
  August	
  7,	
  2014.	
  
	
  
	
  



Microbiome and Cancer:  
microbiome-environment interactions 

Microbes as infectious 
agents:!
!
•  Account for ~15-20% of 

cancers worldwide"

•  Cervical/Esophageal (HPV), 
liver (HBV) and gastric 
cancers (H. pylori)"

geography	
   TLRs	
  
Cytokines	
  
Genotoxins	
  

Tregs	
  

SNPs	
  
Muta)ons	
  

Diet	
  	
  
smoking	
  
obesity	
  



Inflammatory	
  Model	
  of	
  the	
  Ini0a0on	
  of	
  Colorectal	
  Cancer	
  

Gallimore AM, Godkin A. N Engl J Med 2013;368:282-284. 



Bacteria-associated inflammation in cancer 



The Lung Cancer Microbiome 

www.sciencemag.org! 9	
  



Lung	
  Cancer	
  Microbiome	
  Study	
  Design	
  
Study	
  Popula0ons:	
  
NCI-­‐MD	
  Case-­‐Control	
  Study	
  
• 398	
  frozen	
  tumor	
  (T)	
  and	
  non-­‐tumor	
  adjacent	
  (NT)	
  )ssues	
  (121	
  T/NT	
  pairs)	
  
• 41	
  frozen	
  lung	
  )ssue	
  from	
  immediate	
  autopsy	
  (IA)	
  -­‐	
  control	
  
• 16	
  frozen	
  lung	
  )ssue	
  biopsies	
  (non-­‐cancerous)	
  from	
  the	
  Lung	
  Cancer	
  
Biorepository	
  Research	
  Network	
  (LCBRN)	
  –	
  control	
  
• Nega)ve	
  controls	
  	
  

–  11	
  different	
  swabs	
  taken	
  from	
  pathology	
  to	
  assess	
  possible	
  contamina)on	
  
–  no-­‐template	
  water	
  controls	
  for	
  sequencing	
  and	
  DNA	
  extrac)on	
  reagents	
  

• Posi)ve	
  control	
  –	
  mock	
  community	
  (High	
  Even)	
  of	
  known	
  bacteria	
  and	
  known	
  
concentra)ons	
  
• Data	
  from	
  interview	
  taking	
  at	
  )me	
  of	
  study	
  entry	
  used	
  for	
  sta)s)cal	
  analysis	
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  from	
  interview	
  taking	
  at	
  )me	
  of	
  study	
  entry	
  used	
  for	
  sta)s)cal	
  analysis	
  

The	
  Cancer	
  Genome	
  Atlas	
  (TCGA)	
  –	
  Valida0on	
  cohort	
  
• 1,112	
  Lung	
  T	
  and	
  NT	
  (98	
  paired	
  T/NT)	
  RNAseq	
  samples	
  	
  
• Used	
  unmapped	
  reads	
  for	
  metagenomic	
  analysis	
  (fasta	
  files)	
  
• Clinical	
  data	
  deposited	
  to	
  TCGA	
  database	
  
• Used	
  muta)on	
  analysis	
  (Nature	
  2014)	
  on	
  195	
  squamous	
  cell	
  carcinoma	
  
sample	
  



Tools	
  for	
  Microbiome	
  Analysis	
  

hmps://interna)onal.neb.com/sitecore/content/nebsg/home/tools-­‐and-­‐resources/feature-­‐ar)cles/addressing-­‐challenges-­‐in-­‐microbiome-­‐dna-­‐analysis	
  



Specific	
  taxa	
  can	
  dis0nguish	
  lung	
  cancer	
  from	
  health	
  lung	
  and	
  classify	
  disease	
  state	
  

Pulmonary bacteria can differentiate lung 
cancer from healthy lung. ROC analysis of 
the combination of bacteria (Taxa A, Taxa B, 
Taxa C) from 5-fold cross validation using 
random forest between lung cancer cases 
(n=148) and healthy controls (IA) (n=34).  
 
 

Taxa	
  A	
  
Taxa	
  B	
  

Taxa	
  C	
  

Unpublished	
  data	
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Pulmonary bacteria can differentiate lung 
cancer from healthy lung. ROC analysis of 
the combination of bacteria (Taxa A, Taxa B, 
Taxa C) from 5-fold cross validation using 
random forest between lung cancer cases 
(n=148) and healthy controls (IA) (n=34).  
 
 

Relative abundance of Taxa B from 16S paired 
tumor/non-tumor, and right – proportional 
abundance of Taxa B from TCGA tumor/non-
tumor (RNA-seq) (n=1006/106). Mann-Whitney 
test or paired t-test.  

Taxa	
  A	
  
Taxa	
  B	
  

Taxa	
  C	
  

Taxa	
  B	
   Taxa	
  B	
  

Species	
  B	
   Species	
  B	
  

Unpublished	
  data	
  



Microbiome	
  dis)nguishes	
  smoking	
  and	
  histological	
  subtype	
  

Taxa	
  D	
  

Taxa	
  A	
  

Unpublished	
  data	
  



Microbiome	
  dis)nguishes	
  smoking	
  and	
  histological	
  subtype	
  

TCGA: A. citrulli
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Microbiome	
  dis)nguishes	
  smoking	
  and	
  histological	
  subtype	
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16S:	
  Taxa	
  D	
   TCGA:	
  Species	
  D	
  

Taxa	
  D	
  

Taxa	
  A	
  

May	
  explain	
  in	
  part	
  the	
  e0ology	
  of	
  
squamous	
  cell	
  carcinoma	
  (SCC)	
  
lung	
  cancer	
  
	
  
Possible	
  link	
  between	
  smoking	
  
and	
  development	
  of	
  a	
  subset	
  of	
  
SCC	
  lung	
  cancer	
  	
  

Unpublished	
  data	
  



The	
  lung	
  cancer	
  microbiome	
  as	
  a	
  prognos)c	
  biomarker	
  

Hi	
  Taxa	
  E	
  
Low	
  Taxa	
  E	
  

Low	
  Taxa	
  F	
  
Hi	
  Taxa	
  F	
  

Low	
  Taxa	
  F	
  
Hi	
  Taxa	
  F	
  

Low	
  Taxa	
  E	
  
Hi	
  Taxa	
  E	
  



Why	
  is	
  this	
  important	
  for	
  cancer	
  preven0on	
  and	
  
therapy?	
  

Primary	
  

•  Iden)fy	
  prebio)cs/probio)cs	
  that	
  can	
  prevent	
  loss	
  of	
  diversity	
  and	
  
maintain	
  gut	
  barrier	
  func)on	
  

•  Iden)fy	
  microbiota	
  or	
  microbial	
  metabolites	
  that	
  can	
  improve	
  
diagnos)c	
  tools	
  for	
  screening	
  and	
  early	
  predic)on	
  of	
  cancer	
  

Secondary	
  

•  Improve	
  response	
  to	
  therapy	
  by	
  iden)fica)on	
  of	
  individuals	
  who	
  may	
  
benefit	
  

• Reduce	
  the	
  use	
  of	
  broad	
  spectrum	
  an)bio)cs	
  that	
  evicts	
  both	
  
commensal	
  and	
  pathogenic	
  bacteria	
  to	
  improve	
  response	
  to	
  therapy	
  

Ter)ary	
  
•  Iden)fica)on	
  of	
  microbiota	
  and	
  metabolites	
  associated	
  with	
  cancer	
  
recurrence	
  



Inflammatory-associated 
cancers 

Elinav,	
  E	
  Nature	
  Reviews	
  Cancer	
  2013	
  



Diversity	
  altera)ons	
  in	
  lung	
  cancer	
  

Unpublished	
  data	
  



Diversity	
  altera)ons	
  in	
  lung	
  cancer	
  

Bray-­‐
Cur0s	
  

Unpublished	
  data	
  



A primer on microbial ecology 

Disclosure:	
  I	
  am	
  not	
  a	
  microbiologist	
  
The human microbiome - the collection of all of the microbes and their genes 
The human microbiota - communities of microbes found in or on humans 
(viruses, bacteria, archaea, eukarya) 
Metagenome – the genetic material derived from the microbiota (environmental 
samples) 
Metatranscriptome  - the genes transcribed from the microbes inhabiting our body 

structure	
  
≠	
  
func)on	
  

Adapted	
  from	
  David	
  Relman;	
  Costello	
  E	
  et	
  al.	
  Science	
  2009;	
  Nature	
  2012.	
  



	
  Bacterial	
  Communi)es	
  Present	
  in	
  Individual	
  Lung	
  Airways	
  

Erb-­‐Downward	
  JR,	
  Thompson	
  DL,	
  Han	
  MK,	
  Freeman	
  CM,	
  et	
  al.	
  (2011)	
  Analysis	
  of	
  the	
  Lung	
  Microbiome	
  in	
  the	
  “Healthy”	
  Smoker	
  and	
  in	
  COPD.	
  
PLoS	
  ONE	
  6(2):	
  e16384.	
  doi:10.1371/journal.pone.0016384	
  
hmp://www.plosone.org/ar)cle/info:doi/10.1371/journal.pone.0016384	
  

Our	
  Study	
  

CS=COPD	
  


