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Limited by current clinical diagnosis techniques, gallbladder cancer remains a highly lethal disease and is associated with 

an extremely poor prognosis and treatment outcome. In an effort to overcome these severe obstacles, targeted nano-

scale contrast agents have been developed and used in the past to increase the sensitivity and specificity of cancer 

detection. The development of targeted nano-scale contrast agents would offer an even more promising approach for 

gallbladder cancer diagnosis and subsequent treatment. In this study, a targeted nanoscale contrast agent was developed 

by conjugation of a CLIC1 antibody to carboxylated multi-walled carbon nanotubes (MWCNTs). Using a gallbladder cancer 

tumor xenograft model, it could be shown that intravenous injection of this tumor-targeted contrast agent to tumor-

bearing mice exhibited a rapid photoacoustic signal with high intensity, leading to contrast enhancement of the entire 

tumor region. Mice injected with an untargeted contrast agent did not exhibit obvious tumor enhancement. We were able 

to show that CLIC1 antibody-conjugated to nano-scale contrast agents prove to be highly beneficial for this fast and 

sensitive imaging technique for gallbladder tumors. Taken in concert, the results obtained indicate that the development 

of targeted nanoscale imaging probes offers a promising approach for the early detection and subsequent treatment of 

gallbladder cancer. 

1. Introduction 

Gallbladder cancer (GBC) represents the most frequently 

occurring malignancy of the biliary system. The tumorous 

lesions prove to be highly aggressive, often associated 

with an early onset of metastasis due to the genetic 

characteristics displayed by this cancer type.
1
 Early 

identification and precise diagnosis, together with radical 

surgical resection are currently the only efficient 

treatment modalities available for GBC. 
2,3

 However, due 

to limited ways to identify lymph node metastasis states 

or near organ invasions of disease stage conditions, GBC 

remains highly lethal and is often associated with an 

extremely poor prognosis.
4
 Even though great 

improvements of abdominal imaging modalities have 

been made in recent years, including high resolution 

computer tomography or magnetic resonance imaging 

systems,
5,6

 the precise diagnosis of the metastasis state of 

GBC still remains a critical goal. Therefore, an urgent need 

exists for the development of innovative approaches 

providing high sensitivity and accuracy in the early 

diagnosis of GBC. The use of contrast enhancing imaging 

agents may increase the sensitivity of a given imaging 

technique. In particular, nano-scale contrast enhancing 

agents have been shown to potentially offer high 

resolution and enhanced sensitivity of cancer diagnosis 

due to enhanced permeation and retention (EPR) effects 

resulting in the desired accumulation of the contrast 

agent in solid tumors.
7-16

 Moreover, nano-scale contrast 

enhancing agents may be covalently linked to 

biorecognition molecules such as peptides, antibodies and 

nucleic acids to target tumor tissues through ligand-

receptor interactions.
17-28

 Such efforts are especially 

important for the enhancement specificity and sensitivity 

of cancer detection and may further assist in accurate 

tumor staging for the appropriate selection of subsequent 

treatment modalities.  

CLIC1 (Chloride Intracellular channel, CLIC）belongs to 

the family of chloride intracellular channel that have been 

demonstrated recently to feature profound physiological 

functions.
29-31

 In particular, it was found that CLIC1 can 

exist in different forms and in various positions, which has 

been shown to be closely related to malignant tumor 

types.
32,33

 Furthermore, it has been reported that CLIC1 
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plays an important role in malignant tumor invasion and 

metastasis.
34

  Our previous study demonstrated that the 

expression of CLIC1 is significantly up-regulated in the 

highly metastatic gallbladder cancer cell and the 

overexpression is also associated with poor prognosis in 

gallbladder cancer.
32,35

  Therefore, this channel represents 

an interesting target and effective biomarker for 

predicting the prognosis of gallbladder cancer. 

Nano-scale contrast enhancing agents combined with 

the CLIC1 antibody might be of great value in the 

diagnosis of gallbladder cancer via accurate prediction of 

the prognosis and subsequent selection of a suitable 

therapeutic regimen. Due to their intrinsic optical 

properties, carbon nanotubes (CNTs) have been shown to 

be potentially useful as contrast agents to be used in a 

variety of biomedical imaging techniques.
36-40

 In 

particular, the strong absorbance features in the near-

infrared (NIR) region render CNTs potentially useful as 

photoacoustic imaging contrast agents. 
39, 40

 In this 

present study, we selected carbon nanotubes conjugated 

with CLIC1 antibodies as photoacoustic imaging contrast 

agents in an effort to explore the potential for the 

development of targeted nano-probes that could be used 

to visually diagnose gallbladder cancer in vivo. To evaluate 

the potential of nano-scale contrast agents combined with 

the CLIC1 antibody for the diagnosis of gallbladder cancer, 

an in vivo gallbladder cancer xenograft tumor model in 

nude mice was selected. We could demonstrate that the 

intravenous administration of the tumor-targeted contrast 

agent to tumor-bearing mice results in a rapid and strong 

enhancement of the photoacoustic signal in the tumor. No 

significant signal enhancement could be observed in mice 

injected with an untargeted contrast agent. The results 

obtained indicate that a sufficient amount of the nano-

scale contrast agent covalently linked with CLIC1 

antibodies may rapidly accumulate in the tumor, 

potentially useful for sensitive gallbladder cancer imaging. 

Taken in concert, the findings presented here provide 

precious insights into the overall understanding of using 

CLIC1 antibody-conjugated contrast agents to increase 

enhancement specificity and sensitivity in the detection of 

GBC. The results obtained may assist in accurate tumor 

staging for the selection of efficient treatment strategies. 

2. Materials and methods 

2.1  Materials 

Carboxylated multi-walled carbon nanotubes (carboxylic 

acid MWCNTs, diameter = 20-30 nm, length = 0.5-2 μm, -

COOH content = 1.23 wt%) were purchased from Chengdu 

organic chemicals company (China); Polyethyleneimine 

(PEI, Mn=10000), 1-ethyl-3-[3-(dimethylamino) 

propyl]carbodiimide hydrochloride (EDC, Mw = 191.7 g 

mol
−1
≥ 99%), N-hydroxysulfosuccinimide sodium salt 

(Sulfo-NHS, Mw = 217.1 g mol
−1

, ≥99%) and anti-CLIC1 

antibody( produced in mouse) were purchased from 

Sigma-Aldrich (St. Louis, USA). Poly (ethyleneglycol) 

distearoyl phosphatidylethanolamine (PEG-DSPE, 

Mn=5000) was purchased from Shenzhen Xingjiafeng 

Technology Co. Ltd. (China). Phosphate-buffered saline 

(PBS) was purchased from Shanghai Yuanye biological 

technology company (China). Deionized water was used as 

the solvent in all aqueous solutions. Fetal bovine serum, 

DMEM and William's medium E cell culture medium were 

purchased from Gibco. The human GBC cell lines were 

purchased from the Cell Bank of the Chinese Academy of 

Sciences (Shanghai, China). 

2.2 Preparation of PEI-MWCNTs 

30 mg of carboxylated multi-walled carbon nanotubes 

were dispersed in 50 mL deionized water by sonication for 

30 minutes and 1 g of branched PEI was dispersed in 100 

ml deionized water under stirring. Next, the dispersed 

MWCNTs solution was added to the PEI aqueous solution 

(10 mg mL
-1

) dropwise under stirring. The mixed solution 

was then transferred into a round-bottom flask and 

reacted at 60 ˚C using an oil bath for 24 hours. After 

reaction, the suspension was cooled to room temperature 

and was washed with deionized water three times and 

was centrifuged at 10,000 rpm to remove any residual PEI. 

The resulting PEI-MWCNTs aqueous solution was stored at 

low temperature (4˚C). 

2.3 Preparation of PEG-DSPE/PEI-MWCNTs 

20 mg of PEG-DSPE powder was dissolved in 20 mL 

deionized water. Upon stirring, the dispersed PEI-

MWCNTs were added dropwise to the resulting aqueous 

solution of PEG-DSPE (1 mg mL
-1

). After reaction for 20 

hours, the suspension was washed with deionized water 

and centrifuged at 8,000 rpm to remove any residual PEG-

DSPE. The resulting solution of PEG-DSPE/PEI-MWCNTs 

was stored at low temperature (4˚C). 

2.4 Preparation of PEG-DSPE/CLIC1 antibody- PEI-

MWCNTs 

Briefly, EDC (8 mg, 40 µmol) and sulfo-NHS (5 mg, 40 

µmol) were dissolved in 3 ml deionized water at 0 °C 

before addition of the antibody solution (100 μL, 1 mg mL
–

1
). After 30 minutes, the aqueous solution of PEI-MWCNTs 

was added and stirred at room temperature for 12 hours. 

EDC in the presence of sulfo-NHS converts the carboxylic 

acid groups on the CLIC1 antibody to amine-reactive sulfo-

NHS esters. These esters may then further react with any 

available amine groups on the surface of PEI-MWCNTs, 

thus conjugating the antibody to the PEI functionalized 

MWCNTs via formation of stable covalent amide bonds. 

After the reaction was completed, the resulting samples 

were added dropwise to the aqueous solution of PEG-

DSPE (1 mg mL
-1

) and were stirred for 2 hours. The 

reaction mixtures were then centrifuged at 8000 rpm for 

10 minutes and the resulting PEG-DSPE/CLIC1 antibody- 

PEI-MWCNTs were resuspended in PBS and were stored at 

low temperature (4˚C) until further use. 

2.5 Characterization of contrast agents  

The dispersions of carboxylated MWCNTs, PEI-MWCNTs 

and PEG-DSPE/PEI-MWCNTs were first characterized using 

a digital camera, and were further studied via 

transmission electron microscopy (TEM, FEI, Japan). The 

samples for TEM analysis were prepared by placing 0.5 ml 

of the suspensions onto a plain copper grid and air-drying 

the grid at room temperature. TEM analysis was then 

performed on a JEM-1200EX TEM, operating at 200 kV in 

bright field mode. The chemical structures of the samples 

were analyzed via X-ray  
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Scheme 1. Schematic representation of the preparation 

process of PEG-DSPE/CLIC1 antibody- PEI-MWCNTs. 

 

photoelectron spectroscopy (XPS) and fourier transform 

infrared spectroscopy (FTIR). The chemical composition of 

the samples was provided by an ESCALAB MARK 

spectrometer by using Mg Ka exciting radiation. High-

resolution spectra of C1s, N1s, and O1s were obtained. 

FTIR spectra were recorded on a Bruker EQUINOX55 

spectrometer and samples were pressed into potassium 

bromide (KBr) pellets.  

2.6 Tumor xenograft model 

The media for cell lines were supplemented with 10% fetal 

bovine serum (FBS) and 1% penicillin-streptomycin 

(10,000 U/ml penicillin and 10 mg/ml streptomycin). The 

GBC cells were incubated at 37°C in a humidified 

atmosphere with 5% CO2. Male immunodeficient BALB/c 

nude mice (6 weeks old) were purchased from the 

Shanghai Laboratory Animal Centre of the Chinese 

Academy of Sciences and raised in the experimental 

animal centre of Xinhua Hospital and all experiments were 

performed in accordance with the guidelines of the 

Institutional Animal Care and Use Committee of Shanghai 

Jiao Tong University. 

A subcutaneous xenograft metastasis tumor model was 

established as following: well status GBC  cells were 

cultured in vitro. The cells were collected and digested 

using trypsin (0.25% (w/v) Trypsin- 0.53 mM EDTA 

solution) when grown to 75-85% area of the culture 

medium. In this study, 5×10
6
 cells were subcutaneously 

inoculated in the left oxter of 6 week old male nude mice. 

The tumor volume was determined using calipers every 3 

days and the total volume was calculated according to the 

following formula: tumor volume (mm
3
) = (L × W2)/2 (L 

and W represent the length and width of the tumors, 

respectively). When the tumor reached 5-20 mm in 

diameter, the mass could be detected via photoacoustic 

imaging.  

2.7 Photoacoustic imaging  

Ten tumor-bearing nude mice were randomly and equally 

classified into 2 groups, and then contrast agents were 

injected into the tail vein of the tumor-bearing mice at a 

dose of 0.2 mL. Photoacoustic imaging was performed on 

a Nexus 128 system (ENDRA Inc., Ann Arbor, MI, USA) at 

pre-injection, at 5 minutes, at 1 hour, at 2 hours, and at 24 

hours post-injection. Light with wavelengths of 800 nm,  

 
 

 
 

 
Figure 1. XPS survey scan spectra for different modified 

MWCNTs. 

 

830 nm and 890 nm were generated using a wavelength-

tuneable laser to excite the photoaccoustic signals. 

3. Results and discussion 

The entire conjugation procedure of the CLIC1 antibody 

onto the surface of MWCNTS can be found summarized in 

Scheme 1. Polyethyleneimine (PEI) was covalently 

conjugated onto carboxylated MWCNTs via amide 

formation between the amine groups and the carboxylic 

acid groups. Upon covalent amide formation, the 

MWCNTs were equipped with more primary amines, 

suitable for further covalent conjugation of the antibody. 

The CLIC1 antibody was then bioconjugated to the PEI 

functionalized MWCNTs using 1-ethyl-3-[3-

(dimethylamino) propyl]carbodiimide hydrochloride (EDC) 

as a crosslinking agent in the presence of N-

hydroxysulfosuccinimide sodium salt (sulfo-NHS). To 

further increase the circulation half-life and 

simultaneously reduce the nonspecific accumulation rate 

in healthy tissue, polyethylene glycol (PEG) groups were  
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Figure 2. FT-IR spectra for MWCNTs and PEI-MWCNTs. 

 

introduced to the surface of the antibody-conjugated 

MWCNTs via non-covalent modification with phospholipid 

poly (ethylene glycol) (PL-PEG). 

XPS is a surface-sensitive quantitative chemical analysis 

technique that can be used to analyze the surface 

chemistry of a material in its as-received state or upon 

treatment. Here, the structural parameters of the 

modified MWCNTs were first characterized by X-ray 

photoemission spectroscopy (XPS). Figure 1 shows the XPS 

spectra for the carboxylic acid MWCNTs, PEI-MWCNTs and 

PEG-DSPE/PEI-MWCNTs. As can be seen by inspection of 

Figure 1a, the carboxylic acid MWCNTs exhibit two main 

peaks, corresponding to C1s and O1s, while the 

appearance of an N peak in the XPS survey spectrum for 

PEI-MWCNTs compared to that of carboxylic acid 

MWCNTs provides evidence for the adsorption of PEI 

chains onto the surface of MWCNTs. As expected, a new 

peak corresponding to P2p appears in the XPS survey 

spectrum for PEG-DSPE/PEI-MWCNTs and the ratio of 

O1s/C1s also improved compared to that of PEI-MWCNTs 

or carboxylic acid MWCNTs. The latter finding 

demonstrates that both PEI and PEG-DSPE are successfully 

introduced onto the surface of MWCNTs, as outlined in 

Scheme 1. The chemical structures were further 

characterized by FT-IR. As shown in Figure 2, the typical 

absorption peaks of the amide bond (amide I 

band: νC=O=1638 cm
−1

, amide II band: νN–H=1530 cm
−1

, 

amide III band:νC–N=1275 cm
−1

) were observed in the 

spectrum of the PEI-MWCNTs which demonstrated the PEI 

molecules was successfully introduced onto the surface of 

MWCNTs via the amide formation between the amine 

groups and the carboxylic acid groups. 

The dispersed properties of the as-obtained conjugates 

were characterized using a digital camera. Optical images 

of the dispersion of carboxylic acid MWCNTs, PEI-

MWCNTs and PEG-DSPE/MWCNTs in phosphate butter 

solution are shown in Figure 3. Pristine carboxylic acid 

MWCNTs could be dispersed in aqueous solution and 

prove to be stable for approximately 3days (data not 

shown here). However, in PBS the carboxylic acid 

MWCNTs precipitate immediately. The formed dispersion 

of PEI-modified MWCNTs and PEG-DSPE/PEI-MWCNTs in 

PBS was shown to be stable without the occurrence of any 

obvious precipitation, even after several weeks of storage. 

Precipitation of the carboxylic acid MWCNTs is most likely   

 

Figure 3. Images of different modified MWCNTs dispersed in 

PBS solution. 

 

      Figure 4. TEM images of different modified MWCNTs. 

caused by ionic properties from dissociated salts in PBS, 

leading to a reduction of the electrostatic repulsion 

between the carboxylic MWCNTs. In PBS, the ionic 

strength also reduces the electrostatic repulsion of PEI 

molecules; however, the PEI molecule chain features 

primary, secondary and tertiary amino groups. These may 

be protonated depending on the pH and the individual 

pKa value of the amines, potentially leading to a stronger 

electrostatic repulsion of the PEI molecules and a stable 

dispersion of MWCNTs in PBS. Further adsorption of the 

non-ionic surfactant (DSPE) onto the surface of PEI-

MWCNTs could not only improve the dispersion 

characteristics of the MWCNTs, but also leads to a 

decreased effect of the ionic strength in the dispersion.  

The effect of surface modification on the dispersion of 

MWCNTs was further studied using TEM. As shown in 

Figure 4, MWCNTs that were directly dispersed in 

deionized water formed large bundles and were prone to 

aggregation. After PEI and DSPE functionalization, the 

MWCNTs were found to be mostly separated into 

individual nanotubes. Similar results were found for 

MWCNTs in solution. The results obtained from TEM 

analysis indicate that the modified MWCNTs exhibit a 

well-defined nano-structure, representing another crucial 

feature for the development of nano-scale contrast 

enhancing agents.  

The specificity and efficacy of the CLIC1 antibody-

conjugated nano-scale contrast agent were evaluated in 

living mice. Mice bearing tumor xenografts were 

administered 200 μL of either PEG-DSPE/PEI-MWCNTs 

(untargeted control) or PEG-DSPE/CLIC1 antibody-PEI-

MWCNTs (targeted) at a concentration of 0.5 mg ml
-1

 

viatail vein injection. Imaging was performed for more 

than120 minutes post-injection of the contrast agent to 

determine in vivo dynamics. 
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Figure 5. Photoacoustic images of a gallbladder metastatic 

tumor before (A) and after (B) injection of PEG-DSPE/PEI-

MWCNTs.  

 

 

Figure 6. Photoacoustic images of a gallbladder metastatic 

tumor before (A) and after (B) injection of PEG-DSPE/CLIC1 

antibody- PEI-MWCNTs.  

As indicated in Figure 5A, the photoacoustic signals in the 

tumors (wavelengths 800, 830, and 890 nm) using the 

control were found to be weak and only vague structural 

tumors silhouettes could be detected in combination with 

several bright long strips (i.e. main blood vessels) scattered 

across the whole region. The photoacoustic signal in the 

tumor before injection is primarily caused by the high blood 

content in the tumor region. Exemplary images of the 

tumor 5 minutes post-injection of PEG-DSPE/PEI-MWCNTs 

show no obvious changes compared to the images of the 

control (cf. Figure 5B). The photoacoustic signal in the 

tumors appears to be somewhat improved 1 hour post-

injection, as shown in Figure 5. However, compared to the 

control, the photoacoustic signal in the tumor proves to be 

significantly more intense in mice injected with PEG-

DSPE/PEI-MWCNTs 2 hours post-injection. The overall 

silhouette of the tumor becomes more distinct and can 

clearly be identified. At later stages (i.e. 24 hours post-

injection), however, this situation was found to be reversed, 

with the photoacoustic signal in the tumor found to be  

almost similar to that of the control and the early stage (i.e. 

5 minutes post-injection). 

Interestingly, 5 minutes post-injection of the PEG-

DSPE/CLIC1 antibody- PEI-MWCNTs, the photoacoustic 

signals in the tumor (wavelengths 800, 830 and 890 nm) 

were found to be significantly intensified and the outline 

of tumor could also be clearly identified, as shown in 

Figure 6. Furthermore, it should be noted in this context 

that in contrast to mice injected with PEG-DSPE/PEI-

MWCNTs, the photoacoustic signal in the central area of 

the tumor proves to be very intense, exhibiting a 

continuously bright area. As a consequence, no obvious 

long strips stemming from blood vessels could be 

detected. The photoacoustic signal in the tumor was 

further improved at the 1 hour time point post-injection 

and the outline of tumor also becomes clearer, as 

indicated in Figure 6. After 2 hours post-injection, a more 

intense photoacoustic signal was detected, with almost 

the entire silhouette of the tumor region clearly 

enhanced. The photoacoustic signal in the tumor 24 hours 

post-injection of PEG-DSPE/CLIC1 antibody-PEI-MWCNTs 

also decreased similarly to that of the control sample.  

Commonly accepted in the literature is the fact that 

nanomaterials can penetrate the tumor vasculature 

through a permeable endothelium. The general lack of 

lymphatic drainage in tumors often results in the 

accumulation of extravascular nanomaterials within the 

tumor tissues. This so-called enhanced permeation and 

retention (EPR) effect may enable nanomaterials to 

passively target tumor tissues. Upon injection of PEG-

DSPE/PEI-MWCNTs as passively targeted probes, the 

construct is believed to accumulate in the tumor via this 

EPR effect. The time-dependent increase in signal 

amplitude indicates that the PEG-DSPE/PEI-MWCNTs have 

gradually travelled into the blood stream and nearby 

tissues. This result indicates that the accumulation of PEG-

DSPE/PEI-MWCNTs follow a progressive EPR-mediated 

effect. However, it should be noted in this context that no 

signs of early and rapid tumor localization could be 

detected and the enhanced photoacoustic signal proves to 

be mainly limited to the corresponding blood vessels and 

nearby tissues. Instead, intravenous injection of PEG-

DSPE/CLIC1 antibody-PEI-MWCNTs in tumor-bearing mice 

immediately led to significant photoacoustic signal 

enhancements. The signal also breaks through the overall 

shape of the blood vessels to form a continuously large 

bright area. Therefore, the boundaries of the entire tumor 

region could be also clearly identified.  

It is generally appreciated that solid tumors comprise of 

two interdependent compartments: the parenchyma 

(neoplastic cells) and the stroma where the neoplastic 

cells are found to be dispersed. The stroma includes 

connective tissues, blood vessels, as well as inflammatory 

cells. Blood vessels represent only one component of the 

tumor stroma and are usually only a minor component of 

the overall stromal mass. The interactions of 

nanomaterials with the intracellular and/or extracellular 

targets within the tumor environment play a key role in 

the accumulation of extravascular nanomaterials within 

tumor tissues. Without these interactions, nanomaterials 

extravasated from the blood vessels could be easily 

cleared out from the interstitial space in the tumor in a 
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relatively short time frame and therefore mainly exist in 

blood vessels and nearby tissues. For PEG-DSPE/PEI-

MWCNTs, there is no specific interaction between the 

contrast agent and the tumor tissue. Therefore, the 

enhanced photoacoustic signal mainly reflects the blood 

vessel of stroma. However, in the case of the PEG-

DSPE/CLIC1 antibody-PEI-MWCNTs, the CLIC1 antibody 

may actively target the CLIC1 receptor on the cell 

membranes of the tumor. As a consequence, it is likely 

that the binding and internalization of the PEG-

DSPE/CLIC1 antibody-PEI-MWCNTs in CLIC1 expressing 

tumor cells facilitates the distribution and accumulation of 

the PEG-DSPE/CLIC1 antibody-PEI-MWCNTs not only in 

the stroma, but also in the parenchyma of the tumor. 

Presumably, a sufficient amount of the targeted PEG-

DSPE/CLIC1 antibody-PEI-MWCNTs can rapidly accumulate 

in the tumor, allowing for sensitive tumor imaging.  

Enhanced imaging signals disappeared in tumors upon 

injection of PEG-DSPE/PEI-MWCNTs or PEG-DSPE/CLIC1 

antibody-PEI-MWCNTs 24 hours post-injection. This 

finding is most likely due to the fact that gallbladder 

tumors prove to be highly invasive and readily 

disseminate into surrounding tissues. Thus, the interstitial 

pressure of the tumor may not be high enough to 

generate a strong retention effect which ultimately results 

in the contrast agents being cleared out of the interstitial 

space of the tumor in a relatively long time frame. The 

time-dependent and slow increase in signal amplitude 

upon injection of PEG-DSPE/PEI-MWCNTs provides further 

support for this hypothesis. 

Taken together, the above results clearly indicate that 

conjugating CLIC1 antibodies to nano-scale contrast 

agents is crucial for the accumulation of a sufficient 

amount of the targeted contrast agent in the tumor tissue 

and therefore potentially offers a sensitive gallbladder 

cancer imaging and efficient diagnosis technique. 

4. Conclusions 

In summary, CLIC1 targeted nano-scale contrast agents 

were developed by conjugating CLIC1 antibodies to PEI 

functionalized MWCNTs. We have successfully 

demonstrated that the synthesized CLIC1 antibody-

conjugated nano-scale contrast agent provides a more 

intense photoacoustic signal in tumors immediately upon 

intravenous injection of PEG-DSPE/CLIC1 antibody-PEI-

MWCNTs in tumor-bearing mice. The result obtained 

indicates that active targeting of the CLIC1 receptor 

present on tumor cells represents a crucial factor for the 

sufficient accumulation of the targeted nano-scale 

contrast agent in the GBC tumor for sensitive tumor 

imaging. These findings demonstrate that CLIC1 antibody-

conjugated nano-scale contrast agents may be used in the 

future as powerful targeted molecular imaging probes for 

gallbladder cancer diagnosis. Further experimental studies 

to substantiate this latter notion are currently underway 

in our laboratory. 
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CLIC1 antibody-conjugated nano-scale contrast agents exhibit a fast and sensitive detection of 

gallbladder tumors and may be used in the future as powerful targeted molecular imaging probes 

for gallbladder cancer diagnosis. 
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