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The term molecular imaging can be broadly defined as the in vivo characterization and 

measurement of biologic processes at the cellular and molecular level. 

In the future, molecular imaging can be clinically employed to 

detect and characterize disease at very earlier stage. In 

addition, molecular imaging can allow us to understand 

fundamental aspect of cause of disease  

Classical imaging  Molecular Imaging  

 Probe the end effects of molecular 

alterations 

 Probe the molecular abnormalities that 

are the basis of disease  

Molecular Imaging  
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Figure 1. Schematic representation of molecular and genomic imaging. Conventional diagnostic 

imaging generally visualizes non-specific changes related to morphology (CT, MRI, ultrasound), 

physiology (MRI, ultrasound, PET, SPECT) or biochemistry (PET, SPECT, MRS) that could be caused 

by alterations in many different proteins or genes. In molecular and genomic imaging, the goal is to 

image the location and expression levels of specific genes and proteins that are thought to play an 

important part in the molecular pathways of disease. Targeted contrast agents normally are required to 

isolate the signal from the gene or protein of interest. 

R. Weissleder et al., Radiology, 2001, 219, 316ï333. 

Introduction   



T1 agents: Paramagnetic Gd(III) Complexes 

MRI contrast agent  

T2 agents: Superparamagnetic Iron Oxide  
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Peptide-based MRI contrast agent and near-infrared fluorescent probe for 
intratumoral legumain detection 

6 Biomaterials, 2014 , 35, 304-315. 



  Legumain is a lysosomal cysteine protease that is over-expressed in response to hypoxic stress 

on mammary adenocarcinoma, breast, colorectal cancer, proliferating endothelial cells, and 

tumor-associated macrophages. 

Cancer Res. 2003, 63, 2957-2964. 

. 
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Introduction 



Inner-sphere relaxivities calculated 

as a function of tm and tR  at 0.5 T (21 

MHz) 

Paramagnetic Gd(III) Complexes 
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V In this study, a new MRI contrast agent ([Gd-NBCB-TTDA-Leg(L)]) and a NIR 

fluorescent probe (CyTE777-Leg(L)-CyTE807) for in vitro and in vivo detection of 

legumain activity. 

V Many studies have clearly revealed that proteases may also be used as markers to predict 

tumor recurrence and prognostic survival. 
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J. Am. Chem. Soc. 2013, 135,174-182. 

Biomaterials, 2014 , 35, 304-315. 



Scheme 2. Synthetic scheme of contrast agent ([Gd-NBCB-TTDA-Leg(L)]), and control contrast agent ([Gd-NBCB-TTDA-

Leg(D)]).  

GdCl3 

R = L form, [Gd-NBCB-TTDA -Leg(L)] , 9 

R = D form, [Gd-NBCB-TTDA -Leg(D)], 10 (control contrast agent) 
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Synthetic Scheme of MRI contrast agent 

Asparagine (Asn) 

Alanine (Ala) 



Scheme 2. Synthetic scheme of contrast agent ([Gd-NBCB-TTDA-

Leg(L)]), and control contrast agent ([Gd-NBCB-TTDA-Leg(D)]).  

R = L form, [Gd-NBCB-TTDA -Leg(L)]  

R = D form, [Gd-NBCB-TTDA -Leg(D)] (control contrast agent) 
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Asparagine (Asn) 

Alanine (Ala) 

Figure 9. Cell cytotoxicity of [Gd-NBCB-TTDA-Leg(L)] (A) and [Gd-

NBCB-TTDA-Leg(D)] (B), as function of different concentrations 

(62.5 to 1000 ɛM) in MTT assay. 

Structure of MRI Contrast Agent and Cell Cytotoxicity Studies  



Figure 10. (A) In vitro T1-weighted MR images of legumain-expressing 3T3 (legumain+) and 3T3 cells treated with 0.25 mM 

of [Gd-NBCB-TTDA-Leg(L)] and [Gd-NBCB-TTDA-Leg(D)] in the presence and absence of HSA; (B) color-map of MR 

imaging. 

[Gd-NBCB-TTDA-Leg(L)] showed marked contrast enhancement compared to the 

control contrast agent ([Gd-NBCB-TTDA-Leg(D)]) (73.5 ǰ 2.4% vs. 28.4 ǰ 1.1%, in 

presence of legumain activity and HSA),  likely due to D-form asparagine in the 

peptide sequence of the control probe renders the peptide resistant to hydrolysis by 

legumain. 
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In Vitro MR Imaging Study 



Figure 11. In vivo T1-weighted MR images of mice bearing CT-26 (legumain+) xenografts pre- 

and post-injection of [Gd-NBCB-TTDA-Leg(L)] (A) and [Gd-NBCB-TTDA-Leg(D)] (B) (0.1 

mmol/kg). MR imaging was performed on 7.0-T Biospec MR scanner by fast spin echo pulse 

sequence (TR/TE = 400/15). 

CT-26 (legumain+) 

 tumor 

(A) 

(B) 

[Gd-NBCB-TTDA-Leg(L)] 

[Gd-NBCB-TTDA-Leg(D)] 

(control contrast agent) 

CT-26 (legumain+) 

 tumor 
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In Vivo MR Imaging Study of Contrast Agent 



Peptide-based MRI contrast agent and near-infrared fluorescent probe for 
intratumoral legumain detection 

14 Biomaterials, 2014 , 35, 304-315. 



Scheme 1. Synthetic scheme of NIR fluorescence probe (CyTE777-

Leg(L)-CyTE807) and control probe (CyTE777-Leg(D)-CyTE807).  

R = L form, CyTE777-Leg(L)-CyTE807, 13 

R = D form, CyTE777-Leg(D)-CyTE807, 14 (control probe) 

(ex/em = 777/812) (ex/em = 807/840) 
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Asparagine (Asn) 

Alanine (Ala) 

CyTE777 CyTE807 

Figure 2. Cell cytotoxicity of CyTE777-Leg(L)-CyTE807 (A) and 

CyTE777-Leg(D)-CyTE807 (B) as function of different concentrations 

(0.01 to 10 ɛM) in MTT assay. 

Structure of NIR Fluorescent Probes and and  
Cell Cytotoxicity Studies 



Figure 3. Fluorescent spectra of CyTE777-Leg(L)-CyTE807 incubated with legumain-transduced 3T3 

(legumain+) cell lysate (solid line) and CyTE777-Leg(L)-CyTE807 alone (dotted line) in 0.1 M PBS 

(excitation: 745 nm). 

CyTE777-Leg(L)-CyTE807 alone  

CyTE777-Leg(L)-CyTE807 / 3T3 (legumain+) 

820 nm 

840 nm 
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Fluorescence Spectrum Studies  



CyTE777-Leg(L)-CyTE807 alone  

CyTE777-Leg(L)-CyTE807 / 3T3 (legumain+) 

CyTE777-Leg(L)-CyTE807 / 3T3 

CyTE777-Leg(D)-CyTE807 alone  

CyTE777-Leg(D)-CyTE807 / 3T3 (legumain+) 

CyTE777-Leg(D)-CyTE807 / 3T3 
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(A) (B) 

pre 24 h pre 24 h 

In Vitro and In Vivo Optical Imaging Study 

(A) CyTE777-Leg(L)-CyTE807 

(B) CyTE777-Leg(D)-CyTE807  

CT-26 (legumain+) tumor 



VThe contrast agent ([Gd-NBCB-TTDA-Leg(L)]) and the 

NIR fluorescent probe (CyTE777-Leg(L)-CyTE807) can 

specifically and efficiently target legumain-expressing 

cancers in vivo.  

VThis development of MRI contrast agent and optical probe 

may be useful for in vivo legumain detection in biomedical 

studies. 

Biomaterials, 2014 , 35, 304-315. 
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Conclusions 



Inorg. Chem.  2012, 51, 12426-12435.  
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Development of a Gd(III)-Based Receptor-Induced Magnetization 
Enhancement (RIME) Contrast Agent for  

ɓ-Glucuronidase Activity Profiling 



Therefore, MRI contrast agents that can facilitate noninvasive visualization of ɓ-glucuronidase 

are of great importance to detect ɓ-glucuronidase-overexpressing tumors.   

20 

üThe ɓ-glucuronidase is a key marker enzyme for 

lysosomal activity. 

ü Studies have shown that tumors contain relatively 

higher concentration of lysosomal enzymes as 

compared to normal tissue. 

üElevated ɓ-glucuronidase activity has been observed in 

the breast, head, neck, and pancreatic cancer. 

Motivation  



 Representative T1-weighted (TR/TE 100/13 ms) MR images of mice bearing CT26 and 

CT26/mɓG-eB7 xenografts after injection of contrast agents. Upper panel shows mice injected 

with [Gd(DOTA-FPɓGu)], and lower panel shows mice injected with [Gd(DTPA)]2ï: (A) 

precontrast images, or at (B) 5 min, (C) 10 min, (D) 90 min, after intravenous injection of 0.1 

mmol/kg contrast agents. 
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 In Vivo MR Images 
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In vivo MR/optical imaging for gastrin releasing 

peptide receptor of prostate cancer tumor using  

Gd-TTDA-NP-BN-Cy5.5 

Bioorg. Med. Chem., 2011, 19, 1085ς1096 



The gastrin-releasing peptide receptor (GRPR) is a seven-
transmembrane G-protein coupled receptor that is a 
member of the bombesin (BN) receptor family and is 
overexpressed on a number of human tumors including 
breast cancer and prostate cancer . 
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Gastrin-releasing peptide receptor (GRPR) overexpression 

PC-3 ( Human Prostate Cancer Cell Line) 

 
Without gastrin-releasing peptide receptor (GRPR) overexpression 

KB ( Human Oropharyngeal Cell Line) 

Cell Line 

Both cell were cultured in RPMI medium (GIBCO), which supplemented with 

10 % fetal bovine serum, sodium bicarbonate (1.5 g/L), sodium pyruvate (1.0 

mM) and non-essential amino acid (0.1 mM). Both cell were cultured at 37.0 ° 

0.1 C̄ in a humidified 5 % CO2 atmosphere.  



25 

In vitro  MR Imaging 

PC-3 PC-3 KB KB 

Without contrast agent 

[Gd(DTPA)]2- 

Gd-NP-TTDA-BN 

Gd-NP-TTDA-BN 
+4-fold BN peptide 

Figure 6. The T1-weighted images of PC-3 and KB cell after the treatment without or 

with  [Gd(DTPA)]2-, [Gd(NP-TTDA)]2-, Gd-NP-TTDA-BN and Gd-NP-TTDA-BN 

with excess amount  BN peptide. 

[Gd (NP-TTDA)]2- 
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In vivo MR Imaging 

Figure 8. T1-weighted MR images of mice bearing PC-3(right) and KB (left) xenografts before 
contrast and postinjection 1 h of Gd-NP-TTDA-BN (0.1 mmole/Kg) MRI was performed with a 
clinical 3.0-T MR scanner and animal coil, scanned by a  Fast gradient echo pulse sequence 
(TR/TE = 800/12). 
 

KB PC-3 

KB PC-3 

KB KB 

KB 
KB 

PC-3 

PC-3 

PC-3 

PC-3 

Gd-NP-TTDA-BN Gd-NP-TTDA Gd-NP-TTDA-BN+4³BN 

Pre-inject 

Post-inject 

Gd-NP-TTDA 

(1) (3) (2) 

(5) (4) (6) 



Figure 10. Mice bearing human prostate cancer xenograft (PC-3)  and  human nasopharyngeal 
cancer xenograft (KB) were injected Gd-NP-TTDA-BN-Cy5.5(10 nmol).  

In vivo Optical Imaging 
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A Switch-On MRI Contrast Agent for Noninvasive 

Visualization of Methylmercury  

Chem. Commun. 2015, 51, 12032-12035.  



I. Methylmercury (CH3Hg+) is a potent 

neurotoxin that affects the human central 

nervous system.  

II. Because of lipid solubility CH3Hg+ can 

readily pass through biological 

membranes, including placental barrier 

during pregnancy 

III. Consumption of fish and marine 

mammals is the major source of human 

exposure to CH3Hg+ 

IV. About one billion people rely on seafood 

as their primary source of protein (FAO, 

2000). 

Motivation  



Methylmercury lyase (MerB) acts 

on (protonolyzes) methylmercury 

(CH3Hg+) to release less toxic ionic 

mercury Hg(II). Methyl mercury is 

the most dangerous form of mercury 

because it is efficiently 

biomangified in food webs. Mercury 

reductase (MerA) acts on 

(electrochemically reduces) Hg(II) 

to less toxic volatile metallic Hg(0). 

Neither Hg(II) or Hg(0) are 

biomagnified to any significant 

extent. 

Relevance  
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Hg2+ and CH3Hg+-induced desulfurization of rhodamine thiosemicarbazide.  

Time dependent fluorescence intensity changes of rhodamine thiosemicarbazide (10 ɛM) with 

CH3Hg+ and Hg2+ in PBS-buffer (DMSO 1%) at pH 7.4 (excitation at 500 nm, emission at 560 

nm). 

Fluorescent probe for detection of CH3Hg+  



Hg2+ ion promoted deprotection reaction of dithioacetal  is 

most commonly used reaction mechanism for the design and 

development of Hg2+ ion fluorescent sensors. Methyl mercury 

is expected to show similar reaction mechanism. 

H2O 

+ H2O 

Hypothesis  
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Ex vitro MR imaging studies  

Fig. CH3Hg+-mediated enhancement of MR images. Images were acquired at 3.0 T (TR 200: 

TE 16.3). Tube A and B were control and contain HEPES buffer (20 mM) and Gd-DO3A-o-

diThioAc (0.6 mM), respectively. Tubes C-F contained Gd-DO3A-o-diThioAc (0.6 mM)  with 

CH3Hg+ added at 1, 2, 3, and 4 equiv. Images were acquired instantaneously after addition of 

CH3Hg+.  

20 mM HEPES buffer  

0.6 mM CA + 

0 equiv. CH3Hg+  

0.6 mM CA + 

1 equiv. CH3Hg+  

0.6 mM CA + 

2 equiv. CH3Hg+  

0.6 mM CA + 

3 equiv. CH3Hg+ 

0.6 mM CA + 

4 equiv. CH3Hg+  



Representative T1-weighted MR images of 

BALB/c nude mice after injection of 

[Gd(DO3A-o-diThioAc)] at the dose of 0.1 

mmol/kg. Upper and lower panels show 

precontrast and postcontrast, respectively. 

Images were acquired at 7.0 T (TR/TE/ flip  

angle = 400/15/10ǯ).    

In vivo MR imaging studies  

Table MR signal enhancement percentage 

in liver (L), intestine(I), and kidney(K)  

  -CH3Hg+      + CH3Hg+ 

  

ROI 

Enhanceme

nt (%) ROI 

Enhanceme

nt 

  

Liver  

ROI 1 +1.1± 0.1 % ROI 8 +5.2±0.6% 

ROI 2 +1.3±0.1 % ROI 9 +20.5±2.7% 

  

 Intesti

ne  

ROI 3 +0.2±0.4 % ROI 10 +23.8±4.3% 

ROI 4 +6.9±0.3 % ROI 11 +18.4±2.7% 

ROI 5 +3.8±0.2 % ROI 12 +24.7±2.1% 

  

Kidney  

ROI 6 +4.4±0.5 % ROI 13 +18.8±1.2% 

ROI 7 +4.7±1.1 % ROI 14 +11.5±3.6 % 



I. A newly designed MRI CA was successfully synthesized 

and characterized for the selective detection of toxic 

CH3Hg+.  

II. The practical usability of CA was  demonstrated by in vivo 

MR imaging study on BALB/c nude mice intravenously 

exposed to CH3Hg+.  

III. We believe that results presented in this report will push the 

limit of designed probe towards the practical utility in 

preclinical research endeavor focusing on various aspects of 

CH3Hg+ toxicity.  

Conclusion 

Chem. Commun. 2015, 51, 12032-12035.  



MRI   

T2 agents 

Superparamagnetic Iron Oxide Nanoparticles (SPIO)  

 



Targeted Herceptin ɬdextran iron oxide nanoparticles for noninvasive  
imaging of HER2/neu receptors using MRI  

 
 

Scheme 1  The synthetic scheme of Herceptin -nanoparticles. 

Fig. 3  T2-weighted  images before and after injection of Herceptin - 
nanoparticles. A gray-level MRI ; B color-map MRI . 

Fig. 2 T2-weighted  images of positive  and negative cells for  HER2/neu 
expression after the treatment with  or without  0.3 mM  Herceptin - 
nanoparticles. a KB cells, b BT-474 cells, c SKBR-3 cells, d MDA -MB-
231 cells, and e MCF-7 cells. 

HER2/neu expressing cells: 
KB > BT-474 > MCF-7 > MDA -MB -231 > SKBR-3 

2013,  US Patent 8, 344, 102 B2 
J Biol  Inorg  Chem, 2009, 14 ,253-260 
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Intensity: KB > HT1080  

Targeted folic acid -PEG nanoparticles for noninvasive imaging  
of folate  receptor by MRI  

Figure 1. The synthetic scheme of SPIO-PEG-FA. 

Figure 2. T2-weighted   images  of pre- and postinjection  of (a) 
SPIO-PEG (400) -FA and (b) SPIO-PEG (2000) -FA. 

Folate-binding protein overexpressed in various types  
of human tumors  

2009-2027, US Patent 7, 598, 335 B2 
J Biomed Mater Res A, 2008, 87, 165-175 

Figure 3. T2-weighted  images of KB and HT-1080 cells after the 
treatment with  or without  0.3 mmol  Fe of each contrast agent. (a) KB 
cells (control,  without  contrast agent); (b) KB cells incubated with  
SPIO-PEG (400)-FA; (c) KB cells incubated with  SPIO-PEG (2000)-FA; 
(d)  HT-1080 cells (control,  without  contrast agent); (e) HT-1080  cells  
incubated  with   SPIO-PEG (400)-FA; (f) HT-1080 cells incubated with  
SPIO-PEG (2000)-FA. 
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Targeted cRGD-nanoparticles for high -sensitive in vivo  
integrin receptor imaging  

 

Scheme 1. The synthetic scheme of cRGD-nanoparticles.  

Figure 2. (A)  The T 2 -weighted  MR images of cRGD-nanoparticles with  
various iron  concentrations and different  core sizes; (B) the color maps 
of (A) . The sizes of nanoparticles core were shown above each image.  

Figure 3. (A)  The T2-weighted  MR images of cRGD-nanoparticles with  
various iron  concentrations and different  core sizes; (B) the color maps 
of (A) . The sizes of nanoparticles core were shown above each image.  

Pre 

Post 

(A)  

(B) 

Contrast Media Mol  Imaging, 2012, 7, 7-18 

 ϔvϕ3 expressing cells(lung, breast and colon) : 
 

 MCF-7 > A549 > HT-29 > HT-1080 

40 

 MCF-7: breast cancer cell line 

A549: human carcinomic alveolar basal 
            epithelial cell line 
 HT -29: human colon carcinoma cell line 

HT -1080: human fibrosarcoma cell line 



Biomaterials 2013, 34, 4118-4127. 41 

Imaging Specificity of MR -Optical Imaging Agents 
Following the Masking of Surface Charge by 

Poly(Ethylene Glycol)  



12 nm 

r2: 216 mM-1s-1 r1: 26 mM-1s-1 

 

 101 emu/g 
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Synthetic scheme of silane-EA-mPEG 



(control)  (control)  
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35.1 ǰ 4.2 nm 

+ 17.3 ǰ 0.7 

21.5 ǰ 1.3 nm 

+ 45.3 ǰ 0.3 

Schematic representations of the NPs 

(control)  

48.2 ǰ 5.9 nm 

+ 7.1 ǰ 0.2 

36.7 ǰ 2.8 nm 

+ 31.4 ǰ 0.6 



(A) (B) 

(C) (D) 

Figure  3. Confocal microscopy analysis of the specificity  of the NPs. MnMEIO -silane-NH 2-(Her)-mPEG A), 
MnMEIO -silane-NH 2-(Her) (B), MnMEIO -silane-NH 2-mPEG NPs (C), and MnMEIO -silane-NH 2 (D)  were 
incubated (10 µ g/mL) with  cell lines at 37 C̄ for  1 hr. Cells were counterstained for  cytoplasm (with  
HiLyteFluor TM 594 in red) and nuclei (with  DAPI  in blue), then observed under  a confocal microscopy using 
appropriate  filters .  

MnMEIO -silane-NH 2-(Her)  MnMEIO -silane-NH 2-(Her)-mPEG 

MnMEIO -silane-NH 2 MnMEIO -silane-NH 2-mPEG NPs  

NPs 
HiLyte  

Fluor TM  594 
DAPI  Merge NPs 

HiLyte  
Fluor TM  594 

DAPI  Merge  

NPs 
HiLyte  

Fluor TM  594 
DAPI  Merge NPs 

HiLyte  
Fluor TM  594 

DAPI  Merge 

45 

Confocal fluorescent microscopy 



Figure  6. In vivo optical  images of nude mice bearing subcutaneous tumor  xenografts of A431 and Colo-205 tumor  cells after 
intravenous  injection of MnMEIO -silane-NH 2-(Erb)-mPEG NPs and control  probe (MnMEIO -silane-NH 2-mPEG NPs, MnMEIO -
silane-NH 2-(Erb) NPs, and MnMEIO -silane-NH 2 NPs) (10 mg/kg) . Images were acquired at pre-injection and various time points (2 
and 24 hrs) post-injection. 
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MnMEIO -silane-
NH 2-(Erb) 

MnMEIO -silane-
NH 2-mPEG  

MnMEIO -silane-
NH 2 

In vivo optical imaging study 

MnMEIO -silane-
NH 2-(Erb)-mPEG  

Colo-205 A431 



In vitro MR imaging study 

Figure 4. EGFR-dependent contrast enhancement. MR images of EGFR positive  cell lines 
(A431 and PC-3 cells) and negative cell lines(Colo-205 cells) incubated with  MnMEIO -
silane-NH 2-(Erb)-mPEG NPs (10 µ g/mL). 

 -97.1%  -49.7%  -2.8% 
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Figure  5. MR images of nude mice bearing subcutaneous tumor  xenografts of A431 and Colo-205 tumor  cells 
before and after injection of MnMEIO -silane-NH 2-(Erb)-mPEG NPs and control  probe (MnMEIO -silane-NH 2-
mPEG NPs, MnMEIO -silane-NH 2-(Erb) NPs, and MnMEIO -silane-NH 2 NPs) (10 mg/kg) . Images were acquired at 
pre-injection and various time points (2 and 24 hrs) post-injection. 

Colo-205 A431 
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In vivo MR imaging study 



Biomaterials 2013, 34, 4118-4127. 
49 

In summary,  we have successfully developed a nanocarrier, MnMEIO -
silane-NH 2-mPEG NPs, to mask positive  charges on the surface of the 
nanocarriers to prevent its nonspecific binding .  

The results demonstrated that masking surface charges could significantly  
reduce nonspecific binding  and increase the imaging  specificity  of 
MnMEIO -silane-NH 2-(Erb)-mPEG NPs to tumor  cells. 

Based on these results, masking of the non-conjugated -NH 2 groups on 
nanocarriers is a promising  strategy for  the development  of nano-scale 
diagnosis and therapy. 

Conclusions 



J. Med. Chem. 2013, 56, 9100-9109.  50 

Development of a mucin4-targeting SPIO contrast agent for effective 
detection of pancreatic tumor cells in vitro and in vivo  



Introduction  

V Pancreatic cancer with  a 5-year survival  rate of less than 5%, has a little  progress in 
early diagnosis of pancreatic tumors  using traditional  techniques 

V To develop imaging  agents and diagnostic methods for  detecting this tumor  at an 
early pre-symptomatic  stage is urgently  required . 

V Previous study  showed that mucin4 was detected in 11 of 15 (73%) of the pancreatic 
cancer cell lines. This indicates that mucin4 is over-expressed in pancreatic tumor  
cells. 

51 

Introduction 
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Table 1 Expression of MUC genes in pancreatic tumor cell lines by RT-PCR analysis 

Clin Cancer Res, 2001, 7, 4033-4040. 


