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Outline

€ Current status and scientific problem of gastric cancer

¢ Biomarkers associated with gastric cancer

® Nano devices for ultrasenstive detection of
gastric cancer biomarkers

¢ Multifunctional nanoprobes for Targeted Imaging
and simultaneous therapy of Gastric Cancer

¢ Biosafety of nanoprobes
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World Cancer Distribution

» :o,)
1 Eastern Africa 11 South-Eastern Asia
Z Middle Africa 12 South-Central Asia
3 Northern Africa 13 Western Asla
4 Southern Africa 14 Central and Eastern Europe
5 Westorn Alrica 15 Northem Europe
& Cartbbean 16 Southern Europe
7 Central America 17 Western Euraope
B8 South America 18 Australia/New Zealand
9 Northern America 19 Melanesia
10 Eastem Asia 20 Micronesia/Polynesia

10a Japan
10b Other E. Asia (China, Korea and Mangolia)

Global Cancer Statistics

In 2008, cancer patients reached to 1.27 million
In 2020, cancer number will be 1.500 million
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From Precancerous Lesions to Gastric Cancer

“ | Gastric
\ | Cancer

precancerous lesions Ho w to find early
gastric cancer ?

QDs-labeled MUC1 antibody
Qds-labeled HAI-178



How to find early gastric cancer

1. Controlled preparation 2.Gastric cancer

of nanomaterials biomarkers Screening

Prewarning anc
theranostics for
gastric cancer

4. Nanoprobes for

3. Devices for gastric gastric cancer imaging

cancer biomarkers detection

5. Biosafety of nanoprobes




Controlled Preparation of Nanoparticles
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Scale preparation of magnetic nanoparticles
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Dual Phase-Controlled Synthesis of Uniform
Lanthanide-Doped Upconversion Nanocrystals
Via an OA/lonic Liquid Two-Phase System
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Gastric Cancer Biomarkers Screening
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Figure 1. The patterns from the chromatogram of VOCs from MGC-803 gastric cancer cells that were influenced by: (A) headspace extraction time; (B)
MGCA03 eells eultured with and without Parafilm

Table 1. Summary of different YOCs between MGC-803 cells

and GE5-1 cells.

Peak RT Compounds GES-1  MGC-503
1 01 Formic acid propyl ester + -

2 104 J-octanone - +

3 108 1.4-butanediocl + -

4 116 4-Isopropoxybutanol ++ +

3 1275  nonanol ++ +

G 15.08  Butanone - +

7 1532 1-butancl4-butoxy ++ +

8 156.54 Dodecane, 2,6,11-trimethyl + -

INotes: +: VOCs present: -: VOCs absent: diffevent numbers of + stands for different
concenTations.
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Figure 3. Characterization of MVWNTs covered with Au-Ag nanoparticles: (A) TEM image; (B) SEM image: (C) HR-TEM image of Au-Ag nanoparticles on
the surface of MVWINTS; (D) the corresponding EDX spectra of MWWINTs/Au-Ag nanoparticles.
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Figure 4. (4) Cyclic volammograms of MVWHNTs/Au-Ag/GCE, MVWNTS/GCE, MVWNTs/AgfGCE, MVWNTs/AuGCE and bare GCE in 0.1 M K.CI solution.

(B) Cyclic voltammograms of MYWNTs/Au-AglGCE in 0.1 M K.CI solution with various scan rates (from a to g 20,40.60,80, 100,150 and 200. respectively).
The inset is the linear plot between the anodic peak current and the scan rate.
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Figure 5. (A): The cyclic voltammograms of MYWMNTs/Au-AgiGCE were exposed to different concentrations of butanone (from a to h: 0, 0,05, 0.1, 0.15,
0.25, 0.35. 0.45 and 0.55 ppm, respectively). The inset shows a line plot of the peak current (l,) against concentration of butancne. (B): The cyclic volt-
ammograms of MYWHNTs/Au-Ag/GCE were exposed to different concentrations of 3-octanone (from a to £ 0, 0.05, 0.1, 0.15, 0.2 and 0.25 ppm, respec-
tively). The inset shows a line plot of the peak current {l;) against concentration of 3-octanone. All the potentials are given versus SCE
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Figure 6. Cyclic voltammograms of MVWNTs/Au-Ag/GCE was exposed to
the head space of cell-free medium., MGC-803 gastric cancer cells, and
GES- 1| gastric mucosa cells.

Zhang, et al. Theranostics 2012; 4:152-164.
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Figure 5. (A): The cyclic voltammograms of MYWMNTs/Au-AgiGCE were exposed to different concentrations of butanone (from a to h: 0, 0,05, 0.1, 0.15,
0.25, 0.35. 0.45 and 0.55 ppm, respectively). The inset shows a line plot of the peak current (l,) against concentration of butancne. (B): The cyclic volt-
ammograms of MYWHNTs/Au-Ag/GCE were exposed to different concentrations of 3-octanone (from a to £ 0, 0.05, 0.1, 0.15, 0.2 and 0.25 ppm, respec-
tively). The inset shows a line plot of the peak current {l;) against concentration of 3-octanone. All the potentials are given versus SCE
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Figure 6. Cyclic voltammograms of MVWNTs/Au-Ag/GCE was exposed to
the head space of cell-free medium., MGC-803 gastric cancer cells, and
GES- 1| gastric mucosa cells.

Zhang, et al. Theranostics 2012; 4:152-164.



VOC difference between healthy people and
patients with gastric cancer
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Obtain 2007 Nobel Physcis Prize for finding Giant
MagnetoResistance (GMR)
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HBV epidemiol characterization :

Liver cancer:

20 billion

3.5 billion with HBV virus
China:

7.18% population with HBsAg

Gene types:

A to Il

In china, A,B,C,D four types
B type: 41%; C type: 53%

HBV virus structure



\/\/\% Amplication’ W W N g

Reverse Primer | VV\Q Magnetic Nanocluster

biotin V\/\‘ Streptavidin
(a)

Probe
Glmaraldehyde
. Si» LI S102 SiO2
~ GMR sensor MR sensor GMR sensor
(b) (c) (d)

Schematic of detection principle

(a) amplication of target DNA by PCR;
(b) immobilization of the probe DNA;
(c) hybridization of the analyte DNA;

(d) binding of the magnetic microspheres.



GMR sensing chip Bor C T

A R = detection value —reference value

Magnetic Field

electrode._

7

'— GMR sensor
$i0: layer”

electrode<

l

(a)

Conformation of the magnetoresistive biochip:
(a) fabrication of the biochip; (b) pattern of the GMR
sensor
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GMR changes of different genotypes (n =4, X %SE)

Signal change, in mQ(positive signals in bold)

Genotype
samples
NTC region T region B region Cregion

Reference 32.50+5.90

Genotype B
Detection 42.50+8.54 262.50+27.80 262.50+14.93 47.50+8.54
Net value 10.00+2.64 230.00+21.90 230.00+9.03 15.00+2.64
Reference 28.7543.50

Genotype C
Detection 42.50+11.08 272.50£27.80 52.50+4.79 203.75%£15.19
Net value 13.75+7.58 243.75+24.30 23.75+1.29

sensitivity: HBV DNA
real time PCR level

Xiao Zhi, et al. Quick genotyping detection and line probe ofHBV by giant magnetoresistive biochip
combined with PCR and line probe assay. Lab-on a chip 2012; 12:741-745.



GMR sensor

S pm

GMR Detector

Negative Positive

(C) Signal Output Instrument

microfluidic chip
loop-mediated isothermal
amplification

GMR sensor




GMI Sensing System for Gastric Cancer
Cells Capturing and Quantifying

RGDAC

S, 7o L%
FezOy Fe;046@ Chitosan RGD coupled Fei;Oy(@ Chitosan Functionalized nanoparticles
¥k y 3 ?
= N |
£~

biomarker: RGD-4C

Chitosan modified magnetic nanoparticles

RGD peptide conjugated with magnetic nanoparticles
Capture cancer cells

Chen, et al. Biosensors and Bioelectronics 2011:6:2435-2442.



10 min 30 min

Cmu'Ol - - .-‘

Endocytosis of functionalized magnetic nanoparticles,

RGD-Fe304@Chitosan
+RGD

E,F,G,H: functionalized NPs enhanced absorption,
(A,B,C,D),L,I,J,K,L: competing inhibition, Control o:
MGC803 cells



= - - e
[ = 2V 2 § Impedance
o S ChEN | LA Analyzer
| . ok -l b
- el et -
- 3 A b -
e e s Pipettor .~
. T
Lo /
PO . —
xt N rar Y] A ont <O Sample
xtension Cable |.~|,.“y> =

g ;
T._Scnsor
7o -

(B)
Sih
Substrate

Contacts ‘\ /<\ :
-_ Co-based
= \\ Ribbon
& PDMS
.“‘yor Fig. (a) The pl aray

GMI sensor detection system:
(A) sensing system; (B)GMI sensing element

Functionalized magnetic nanoparticles: (A)TEM;(B) SEM
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MEMS Capturing Chip based on Magnetic column

SEM picture of magnetic column Cancer cell capturing picture



One rapid isolation and capturing chip for CTC cancer
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Next Generation of POCT

SEM picture for chip surface



Advances of molecular imaging

Molecular imaging provides one new pathway for new generation of
tumor theranostic Technology

Special Review

ted in part by Dr Weissleder as the New Horizons Lecture at the 2000 RSNA

lecular Imaging'

ch of biologic processes at the cellular and molecular level. In
1o "classical” diagnostic imaging, it sets forth to probe the mo-
ties that are the basis of disease rather than to image the end

for many radiologists, concomitant efforts such as development of novel
gnal amplification strategies, and imaging technologies clarly dovetail
or research efforts of our speciaty. Radiologists will play a leading role in

developments in molecular sciences and medicine and shows how
 be used, targets. In

‘such targets ‘and charac-
of disease, earlier and direct molecular assessment of treatment effects,

‘Advances in molecular and cell biology techniques, the abilty to decode eatire genomes,
the continuous search for new targets, and the unraveling of the molecular pathways of
many diseases have had  marked effect on the way we practice medicine today. Much
tesearch attention has been rightfully directed toward understanding the cellular and
'molecular mechanisms of diseases, but efforts have also been directed toward the devel-
‘opment of noninvasive, high-fesolution, In vivo Imaging technology. Specificay, over
the past 2 years in vivo molecular imaging has been identified by the National Cancer
Institute as an extraordinary opportunity for studying diseases noninvasively and, in
‘many cases, quantitatively at the molecular level. Although there still remains a scientific
gulf between the basic scientists who discover new genes and their function and the

‘ods, this gap is rapidly closing. With substantial funding now available in this new field,
investigators from diverse disciplines have been attracted and important inroads into
molecular that many presently
radiologists will engage in the field *hands on in the near future, it is imperative that they
Keep abreast of recent developments, help recruit the next generation of clinician scien-
tists, and support the transition of novel methods into clinical practice.

Molecular imaging is a growing research discipline aimed at developing and testing 3 4
novel tools, reagents, and methods to image specific molecular pathways in vivo, partic-

y




Molecular Imaging

Optical (fluorescenc
& bioluminescence )

microSPECT Ultrasound r:|1icroCT

Multimode molecular imaging

Theranostics, Theragnosis



How to realize the targeted imaging
and therapy of gastric cancer

? recepter or ligand )/

Successful development of safe and effective nanoprobes for
tumor targeting imaging and selective therapy is a great
challenge




BRCAAT1-antibody-conjugated Fluorescent
Magnetic Nanoprobes for in vivo targeted
iImaging of gastric cancer



BRCAA1 Structure and Function

1g42.1-g43. (AF208045)
B
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- ENENBOImi

Chromo LxCxE R2 CCTCTREERTGEGG

RBP-1 A-]a) ' ] A GGACATAACHEEEAC

58 114 241 314 409 452 593 633 957 961 1167 1257

Chromo R2
BN DICDs  s—
58 114 235 311 404 448 589 629 1210 1312

Cui, et al. Characterization of BRCAA1 and Its Novel Antigen Epitope Recognization. Cancer
Epidemiology Biomarkers and Prevention 2004; 13(7), 1136-1145.



Titers of BRCAA1 Monoclonal Antibodies in Ascites
Fluid Induced by Hybridoma Clone Cells by ELISA

Antibody titer*

Clone BRCAAL (C)-OVA ** BRCAAL (C)-BSA ** BSA ** OVA **
S-200-5 1,024,000 1,024,000 <1,000 <1,000
S-335-5 128,000 512,000 <1,000 <1,000

*The reciprocal of ascites fluid dilution, the first dilution of ascites

fluid was 1:1,000. **The antigens were coated on ELISA plate.
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65% gastric cancer tissues with BRCAA1 over-expression



Characterization of Fluorescent Magnetic Nanoparticles
(FMNPs)
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Characterization of BRCAA1-Monoclonal Antibody-
conjugated FMINPs [ BRCAA1-MNPs]



Coupling rate of FMNPs-BRCAA1

antibody

Total concentration of the | The concentration of BRCAA1 Coupling rate (%)
anti-BRCAAT1 antibody antibody in residual reaction mixture
(ng/pL) (ng/pL)

1000.0 197.3 80.27

1000.0 191.2 80.88

1000.0 203.0 79.70




Nanoprobes for Targeted In Vitro Gastric Cancer
Cells

Fluorescence Hochest Merge

FMNPs-BRCAAI
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MRI imaging of gastric cancer

mice model of in situ gastric cancer



FMNPs-labeled MSCs for
Targeted Imaging and
Therapy of Gastric Cancer



2 g
4 °: v"&
s ;-'-_i( <. 7138%

ST AR,

1 .

S—
10° 10° 10
FITC

10

Morphology and immunophenotypic characterization of MSCs. (A) The fibroblastic morphology of
passage 3 MSCs (Magnification= < 100); (B) MSCs stained with FITC conjugated CD29 antibody (200 X);
(C) MSCs stained with PE conjugated CD90 antibody (200 X); (D), (E), (F): MSCs analyzed by FACS for the
positive expression of CD29 (D), CD90 (E) and negative expression of CD45 (F); (G) Differentiated
osteoblasts tested with alkaline phosphatase staining (Magnification= X 100); (H) Differentiated
adipocytes characterized by oil red O staining (Magnification= X 100); (I) Differentiated chondrocytes
verified by toluidine blue staining (Magnification= < 100).
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Characterization of FMINPs. (A) TEM image of amino-modified FMNPs; (B) PL intensity
of amino-modified FMNPs; (C) Magnetic intensity curve of amino-modified FMNPs; (D)
Zeta-potential of FMNPs with amino group and Si-O group.
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Evaluation of FMNPs-labeled MSCs. (A) Cell nucleuses and FMNPs were visible in the
MSCs by fluorescent microscope observation (200X); (B) FMNPs-labeled MSCs were
detected by using Prussian blue staining(100 X); (C) non-labeled MSCs were detected by
using Prussian blue staining (100 X); (D) The TEM image of non-labeled MSCs; (E) The
TEM image of FMNPs-labeled MSCs illustrate that amino-modified FMNPs were
randomly distributed in the cytoplasm of MSCs (6000 X); (F) The magnification image of
FMNPs distributed in the cytoplasm of MSCs (12000 X).
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Labeled stability of the FMMPs-labeled MSCs. (A) MR imaging of MSCs after
being labeled FMNPs 7 and 14 days. (B) Fluorescent microscope images of MSCs
after being labeled FMINPs 7 and 14 days (200 X).
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Effects of amino-modified FMNPs on MSCs. The survival rates of MSCs after
being labeled with FMNPs keep increasing from day 1 to day 7. Mean values
+ standard deviation (SD) of independent experiments are shown. Asterisk
represents P < 0.05.



Fluorescent imaging of FMINPs-labeled MSCs targeting gastric cancer cells in vivo. (A)
The in vivo fluorescent images show that tumor sites of the mice in test group had
fluorescent signals after post-injection FMNPs-labeled MSCs 7 and 14 days (right), and

tumor sites of the mice in control group had no fluorescent signal after post-injection
FMNPs 7 and 14 days (left)
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MR imaging of FMINPs-labeled MSCs targeting gastric cancer cells. The coronal and
transected images of MRI show that MSCs firstly presented in the tumor tissue at 7
days post-injection, and then gradually accumulated in the tumor tissue and reached

peak value at 14 days post-injection.
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Ex vivo analysis of major tissues. (A) Immunofluorescence staining analysis show that
the tumor tissue slices in test group had obvious fluorescent signals, and that in control
group had no fluorescent signal; (B) Prussian blue staining results show that the tumor
tissue slices in test group had blue iron particles, and that in control group had no iron
particle; (C) The ICP-MS results show that FMINPs mainly distributed in the tumor tissues
of the test group. (D) distribution of labeled MSCs



100 - 160 -
——FNINPs Test group
—=—FMNPs labelled MSC's 211 e controlerosn |
il = 20 control group
£ == control group I
7~ 0 T
& g 2 100
= =
= = 80
G 40 L
= 407 5 60 -
e
£ 40 -
20 =
T 20 A
‘) L] L] L] L] L] 0 T L] 1 1 1
0 2 4 6 8 10 B 1 2 3 4 S
A Time (min) Time(week)

Effects of alternating magnetic field on the gastric tumor size. (A) Time-temperature
curve of FMINPs-labeled MSCs under an alternating magnetic field with 63 kHz and
7kA/m; (B) The growth of tumors was inhibited under hyperthermia Therapy.



Potential Mechanism of MSCs Targeted Tumor
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Analysis of chemokine receptors and chemotaxis

(A) The expressions of CXCR4 and CCR7 on MSCs were determined by FACs

(B) The migration of MSCs to different concentrations of CXCL12 and CCL19
was evaluated by chemotaxis assay. [13.2+1.8 ng/mL, 5.5+0.7 ng/mL, ]

CCL19/CCR7 and CXCL12/CXCR4 axis loops may involve in MSCs motion.
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