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The field of cancer diagnostics has become so huge that it is impossible to touch the whole field in a single
lecture. Therefore, | have selected only a few topics , giving preference only to those which were directly related
to our personal contribution: The views expressed in this lecture are highly personal, in the sense that they are
based either on my own laboratory work recently , or on the work | am familiar with
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Goal

A We will demonstrate that IR and Ramanimaging combined
with ultrafast, femtosecondspectroscopygive new hope for
cancer diagnosis This combination offers unsurpassed
spatio-temporal resolution, sensitivity and multiplexing
capabilities Researchershave already begun to translate

Ramanimaging into a novel clinical diagnostic tool using
variousendoscopicstrategies




Biomedicabhpplications

A Highspatialresolution (far below the diffraction limit,
TERS) RAMAN IMAGING

A Hightemporal resolution (FEMTOSECOND PURROBE
SPECTROSCOPY)

A Strongsignalenhancementenabling monitoring the
genetic and immunological responses hmlogical
systems (SERS COMBINED WITH NANOPARTICLES)

A Specificityof interactions (BIOCONJUGATES)
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Sanningnear-field microscopy
(SNOMV
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spatial resolution <100nm.

screen

near field far field

Near-field imaging occurs when a sub-micron optical probe is positioned at a very short distance from the
sample and light is transmitted through a small aperture at the tip of this probe.

The near-field is defined as the region above a surface with dimensions less than a single wavelength of the
light incident on the surface. Within the near-field region light is not diffraction limited and nanometer spatial
resolution is possible This phenomenon enables non-diffraction limited imaging of a sample that is simply not
possible with conventional optical imaging techniques.

The next step to material analysis on a smaller scale has been the combination of Raman spectroscopic analysis widlopees fiel

and an Atomic force microscope (AFM3uch systems allow tip enhanced Raman scattering to be explored, makirdgaino®aman
achievable, with spatial resolution <100nm.



Tip-enhanced Raman spectroscopy
(TERSantileverbasedSNOM)

Fig.1:Working principle of TERS

- Fig. 2:WlTec alphazoo T Excitation from the side, above
3x1082in or below; detection fron elow.

In atypical TER®xperiment a Au- or Ag-coatedAFMtip is usedas ananostructureto produceRamansignal
enhancementon asamplesurfaceoncethe excitationlaseris focusedon the apexof the tip with the tip broughtinto
closeproximity with the surface Thetip radius,which definesthe lateral resolution ofan AFMmeasurementis
typically in the rangeof 10-20 nm. In the TERSperimentthe lateral resolutiondependson the sizeof the hot-spot
therefore one canexpectresolution in therangeof 20-50 nm for Ramanspectroscopyandimagingmeasurements The
TERSip-apexmustbe illuminated with the excitationlaser fromeither above below, or the side.
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A Hightemporal resolution (FEMTOSECOND PUMP
PROBE SPECTROSCOPY)




Ultrafastnonlinearspectroscopy
pump-probe femtosecondransient
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Recentlydeveloped techniquesf ultrafastnonlinearvibrationalspectroscopyallow a
much more effective attack othis problem
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SER®ethods

A Despitethe high specificity (vibrational fingerprint) , traditional Raman
spectroscopy was considerddnited becauseof the very poor efficiency of
the inelasticscatteringprocesses andhus the relatively weaksignal

A TheSER$®echniqueis basedon the fact that if a moleculeis brought into
closeproximity with a metal (Au, Aghanostructureor nanoparticlethat
resultsin significantincreasein the intensity of the Ramanspectra.

the enhancement mechanism
for SERS comes from intense
localized fields arising from
surfaceplasmonresonance in
metallic (e.g. Au, Ag, Cu)
nanostructures with sizes of the
order of tens of nanometersa
diameter much smaller than
the wavelength of the

excitation light.

plasmon




SER8ombinedwith nanoparticles
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Nanoparticlegproducedin our lab

Nextstepisto enhancethe SERSignalwith help of nanotechnology
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How to reachselectiveinteraction?

binding specificity

@er antibodyantigenintera@




Each antibody binds to a specific antigen;
Interaction is similarto a lock and key.

w -
w ( antigen ) antibody
antigen antibody
An antigenis a proteinmoleculethat Fortunately, nature provides a solution.
triggers antibody generation Theantibody hasan unique abilityto bind

with high specificityto the antigen. Each
antibody binds to a specific antigen; an
interactionis similar to a lock and key.

An antibody is a protein molecule (immunoglobulin)
that has one or more combining sites called paratopes.
An antigen is a general term for a molecule that may
trigger antibody generation, with potentially many

different fea surface. Antigenic determinants are
those surfac features of the antigen that are
complementary to an antibodies combining site.




Biocojugates
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Thereare a numberof formats Heavy chain Constant region
usedto provide Ramarsignal —— 20
Currently a promising way to
catch cancer lesions early is to S .
useRamarreporterscoupled cell with dysplasia | gl .

] i genetic mutation ,"‘1’ ) Transmembrane)

with nanoparticlesand = WP protein

antibodiesthat recogniseand
bind to cancecells

Whenconjugated withbiomoleculartargeting ligands such as monoclonal antibodies, peptides or small
molecules, these nanoparticles can be used to target malignant tumors with high specificaffiaryl




Antibody-antigeninteraction
protein-protein interaction

HAUNS-
SERS#etection hollow gold nanoparticles

C225 human-mouse d \\ //)E
chimerized Gz
monoclonal antibody N 3

. . . nv
directed against the l\b(cm) " Antibody- C225
epidermal growth
factor receptor (EGFR Ag (EGFR)

Antigen EGFRHERZ
_ Tumor Mutations affecting EGFR

EGFFepidermal i gl expression or activity could

growth factor result incancer

receptor Society]. d Schematic illustration of the concept of SERS detection
and photothermal therapy using HGNs based on antibody (C225)-
antigen (EGFR) interaction that targets A431 carcinoma cancer cells

(Schwartzberg and Zhang 2008) [Adapted with permission from the
American Chemical Society]

Inafew papersHGNshavebeenused as sensitive imaging agerits detectionin cancer cells. As an optical imaging
target, MCFZancercells(MCF7) expressing human epidermal growfidoctor (HER2) markers on their surface membrane were used. HER2
clinicallysignificant molecular marker of breast cancer (Ueda ¢2804).



Byimmobllisinga colouredmolecule
(Ramarreporter) onto a suitably
roughenedmetal surfaceof the
nanoparticle extremely
strongSERRSIghalscanbe obtained
with anoverallenhancementactor of
up to 104 enabling monitoring the
genetic and immunological responses
INn biological systems.



What?

Humannormal and canceroushuman
breasttissue neckandhead tissues

Cancerousnd normal breastcell
culturesMCF7 and MCF10A

Drugsand Photosensitizersn cancer
therapy



x 230 patients

M carcinoma ductale infiltrans

m carcinoma lobulareinfiltrans

m carcinoma ductale infiltrans+carcinoma
lobulareinfiltrans

1 carcinoma multifocale infiltrans

m papillare intracysticum nonivasium

B carcinoma mucinosum sinistri

m carcinoma intraductale

1 fibroadenoma

B carcinoma metaplasticum

m dysplasia benigna

m hyperplasia ductalo-lobularis

m adenosis

The pathology reports indicated that 70% o
the cancer samples were ductal carcinomas
the remaining samples were lobular or
untypedmammary carcinomas, metastases
were found in 60% of patients



Breastmorphology(P94)

One can see that the cross section through the normal organization of ductslaudsin the human breas
demonstrates luminal epithelial cells aligned in a polar manner so their apical side faces and surrounc
lumen Thesecells are surrounded the basement membrane. Fibroblasts align the basement membrat
this entire structure is surrounded by tlsroma, which is predominantly, but not exclusively, composed
type Icollagenandadiposetissue During ductal carcinoma in situ (DCIS), the normal polar organization
the luminal epithelial cells is lost, as these cpildiferate. The crossection shows the epithelial cells
completely filling thdumen. Ininvasive or infiltrating, carcinomathe epithelial cells migrate and invade
through the basement membrane and into the surroundstigpma



