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Our mission is to leverage public and private investment to
promote nanoscience research at the interfaces between disciplines, to 

translate discoveries into knowledge-driven commercial enterprises, and to 
educate the next generation of scientists and engineers.
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From atoms                     molecules                     materials                 cells                      organisms



Height

Stiffness

Adhesion

PeakForce TappingTM mode provides automatic parameter optimization, 
high-speed scanning and quantitative nanomechanical mapping
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DISCOVERY
NANOSCIENCE
NANOSYSTEMS

NANOTECHNOLOGY

DEVELOPMENT
START-UP VENTURES

LICENSING & TRANSFER
INDUSTRY ALLIANCES

Team Science Platform

• Health, energy, environment, and 
information technology research focus

• Seed and support collaborative teams with 
expertise that spans disciplines

Technology Platforms

• 6 Core Centers provide and develop 
leading-edge technology

• Nanofabrication, characterization and 
high-throughput screening

Entrepreneurship Platform

• 2,800 sq. ft. incubator for CNSI start-ups, 
1,000 sq. ft. co-working space

• Currently incubating 16 start-ups; VC fund 
under development

Education Platform
• Entrepreneurship training and educational 

outreach programs

• Workforce development programs for grads 
and postdocs

The CNSI Ecosystem



OUTLINE
• Brief	
  introduction	
  to	
  EVs	
  and	
  major	
  applications

• Correlative	
  techniques	
  -­‐ High	
  resolution	
  imaging	
  and	
  characterization	
  of	
  EVs	
  
using	
  EM,	
  AFM	
  and	
  Force	
  spectroscopy

• Current	
  challenges-­‐ lack	
  of	
  gold	
  standards	
  for	
  isolation	
  and	
  characterization-­‐
Minimal	
  Requirements-­‐ ISEV	
  position	
  papers

• Reporting	
  requirements	
  and	
  transparency	
  of	
  results:	
  EV-­‐TRACK

• Characterization	
  needs	
  for	
  nanoscale	
  and	
  heterogeneous	
  EVs-­‐ Biology	
  meets	
  
nanoanalytics.	
  Example	
  from	
  European	
  Union	
  METVES

• Convergence	
  with	
  ISA_TAB_NANO for	
  Nanotechnology	
  data	
  sharing	
  standards

• Collaborative	
  opportunities	
  at	
  CNSI/UCLA,	
  comments,	
  ideas,	
  critique



EXTRACELLULAR	
  
VESICLES:	
  

• http://www.the-­‐scientist.com/?articles.view/articleNo/30793/title/Exosome-­‐Explosion/

Brief	
  introduction	
  to	
  EVs



Front. Immunol., 2015



EXTRACELLULAR	
  
VESICLES:	
  

Naturally	
  occurring	
  

Biological	
  NANO-­‐
particles
(30-­‐100nm)

Brief	
  introduction	
  to	
  EVs



EVs:	
  CHARACTERIZATION	
  NEEDS
Correlative	
  techniques

Isolation Characterization
-­‐ Adhesion,	
  buoyancy,	
  
charge,	
  size,	
  shape,	
  
concentration,	
  
monodispersity,	
  
Refractive	
  index,	
  
stiffness

-­‐ Membrane	
  proteins

Applications
-­‐ Biomarker	
  discovery
-­‐ Exosome	
  engineering
-­‐ Drug	
  delivery	
  

A	
  nano-­‐jigsaw	
  puzzle	
  
Khatun  et  al.  Nanomedicine  (2016)  
Sharma  et  al.  J  Nanomed  Nanotechnol  (2015)



Nanometers

LIGHT	
  MICROSCOPY
SUPER	
  RESOLUTION	
  MICROSCOPY

ATOMIC	
  	
  FORCE	
  MICROSCOPY	
  (	
  AFM)
ELECTRON	
  MICROSCOPY

Glucose Antibody Virus
EXTRACELLULAR	
  
VESICLE

Bacteria
Mammalian	
  Cell

10-­‐1 1 10 102 103 104 105

• Different  scales  provide  different  types of  information
• Combine  techniques  to  obtain  comprehensive  structure/dynamic  understanding
• Correlative  microscopy  aims  to  overcome  inherent  limitations  of  different  microscopy  techniques

LARGE	
  
ONCOSOMES

EXTRACELLULAR  VESICLES  “SIZE”  IN  PERSPECTIVE

Correlative	
  microscopic	
  techniques



BT  Pan  et  al.  J  Cell  Biol.  1985  Sep;;101(3):942-­8
x	
  98,625	
  

Palanisamy  V.  et  al.  PLOS  ONE  2010

Electron	
  Microscopic	
  “Cup	
  shaped”	
  Structure	
  of	
  Exosomes



AFM	
  topography	
  and	
  
Phase	
  images	
  of	
  human	
  
saliva	
  derived	
  exosomes

Sharma	
  S.	
  et	
  al.	
  ACS	
  Nano	
  2010
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The	
  structure	
  of	
  exosomes-­‐ FESEM

Single  isolated  vesicles  as  round  bulging  structures  and  inter-­vesicular  connections  



1.90nN

100nm

Mechanical	
  properties	
  of	
  exosomes

Increase	
  in	
  exosome	
  size	
  under	
  
increasing	
  AFM	
  imaging	
  forces	
  
(white	
  arrows	
  show	
  scan	
  direction)





Force	
  spectroscopy	
  to	
  quantitatively	
  map	
  Exosome	
  surface	
  receptor	
  density

a



Normal

Cancer

Cancer	
  exosome	
  populations	
  significantly	
  increased	
  in	
  saliva	
  and	
  display	
  irregular	
  
morphologies,	
  increased	
  vesicle	
  size,	
  and	
  higher	
  inter-­‐vesicular	
  aggregation

AFM	
  Height Amplitude Phase

Sharma	
  S.	
  et	
  al.	
  Langmuir	
  2011



The	
  presence	
  of	
  increased	
  exosome	
  counts	
  and	
  irregular	
  morphology	
  in	
  cancer	
  
saliva	
  samples	
  was	
  observed	
  irrespective	
  of	
  whether	
  they	
  solely	
  received	
  
chemotherapy,	
  surgery	
  or	
  both	
  



23

Release	
  of	
  exosomes	
  from	
  multi-­‐
vesicular	
  bodies	
  (MVs)	
  
seen	
  in	
  oral	
  cancer	
  patient	
  
salivary	
  exosomes	
  



SEM

300nm 100nm

FESEM FESEM

Peak	
  force	
  AFM	
  of	
  
exosomes	
  motivated	
  by	
  
our	
  earlier	
  FESEM	
  
observation



PeakForce	
  imaging	
  of	
  U87	
  exosomes

Results	
  were	
  confirmed	
  by	
  imaging	
  samples	
  obtained	
  from	
  two	
  independent	
  and	
  commonly	
  used	
  isolations,	
  with	
  and	
  without	
  

sucrose	
  gradient	
  purification.	
  

500nm 100nm

Sharma	
  S.	
  et	
  al.	
  J.R.	
  Interface	
  2014	
  



200nm

Cross	
  section	
  heights:	
  EV	
  and	
  filaments
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Woo	
  J.	
  et	
  al. 2016	
  

UC IA

Immune	
  Affinity	
  (IA)	
  isolation	
  method	
  
shows	
  greater	
  roughness	
  of	
  EVs	
  



V	
  Palanisamy	
  
David	
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Haider Rasool

Thanks	
  also	
  to	
  FEI	
  for	
  FESEM	
  -­‐Michael	
  Schmidt	
  &	
  Cliff	
  Mathisen
Laurent	
  Bentolila Advanced	
  Microscopy	
  Lab,	
  CNSI,	
  UCLA

Shivani	
  SharmaJames	
  Gimzewski Kingshuk	
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Michael	
  LeClaire



Extracellular	
  vesicles	
  are	
  amazing	
  BIOfunctional NANOparticles
Nano	
  at	
  its	
  best	
  (or	
  worst)



The	
  need	
  for	
  nanoscale	
  characterization	
  
of	
  Extracellular	
  vesicles	
  

Current	
  challenges-­‐

JOURNAL	
  OF	
  EXTRACELLULAR	
  VESICLES





Reporting	
  requirements	
  and	
  transparency	
  of	
  results:	
  EV-­‐TRACK



Implementation	
  of	
  EV-­‐TRACK	
  knowledgebase

Flowchart  demonstrating  
four  different  data  flows  
available  to  registered  EV-­
TRACK  users  



EV	
  metric	
  parameters

Percentage  of  experiments  that  adhere  to  EV  metric  parameters  for  various  bio-­fluids



Biology	
  meets	
  Nanoanalytics



OPTIMAL	
  PROPERTIES	
  FOR	
  
BIOLOGICAL	
  REFERENCE	
  
MATERIAL	
  FOR	
  EV	
  STUDIES



CURRENT	
  CHARACTERIZATION	
  
TECHNIQUES	
  AND	
  REFERENCE	
  STANDARDS	
  
FOR	
  EVs





Metves.eu



Conclusions
• EVs	
  are	
  emerging	
  as	
  novel	
  class	
  of	
  disease	
  biomarkers	
  and	
  drug	
  
delivery	
  agents
• To	
  utilize	
  this	
  potential,	
  standardization	
  of	
  isolation	
  and	
  extensive	
  
physiochemical	
  and	
  biological	
  characterization	
  of	
  EVs	
  at	
  the	
  single	
  
vesicle	
  and	
  population	
  levels;	
  	
  and	
  reporting	
  of	
  results	
  for	
  different	
  
applications	
  is	
  a	
  priority
• Search	
  for	
  biological	
  reference	
  material	
  for	
  EVs
• Convergence	
  of	
  biology	
  and	
  nanoanalytics	
  is	
  needed
• Exploring	
  ISA_TAB_NANO	
  	
  	
  



Exploring	
  
ISA_TAB_NANO	
  
for	
  EV	
  data	
  
sharing	
  	
  	
   EV	
  CHARACTERIZATION	
  AND	
  FUNCTIONAL	
  DATA

Microscopy	
  data:	
  AFM,	
  EM,	
  STED
Particle	
  tracking/scattering:	
  NTA,	
  DLS
Flow	
  cytometry/	
  NanoFACS
Functional	
  Assays
Proteomic/genomic/lipidiomic
Western	
  blot	
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