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is less than CD20 on the surface of the lymph node, the 
new tracer could only stay in SLN and make it imaging. 
If the statue of connection reaches saturation, the number 
of Rituximab in the new tracer is more than CD20, the 
new tracer could drainage to second-tier lymph nodes 
continually (Figure 6). In the animal study of SLN 
imaging, only SLN imaging was found in the group of 
injection dose with 10 μL and second-tier lymph nodes 
were detected in other groups (50 μL and 100 μL) appeared 
24 hours after injection. The appropriate injection 
dose of ICG-Rituximab for SLNB in mice is 10 μL  

(0.05 mg Rituximab, 0.0125 mg ICG), and its appropriate 
injection dose for human SLNB should be retested before 
its clinical application. Positive fluorescence SLN was 
detected 12  minutes after injection with the optimal 
injection dose. The imaging of SLN was stable and clear 
for 20–24 hours without other organs imaging. More 
ICG was gathered in SLN than lymphatic vessel, and 
the fluorescence situation of SLN would be brighter than 
the thin vessel. Surgeons just need to find and dissect the 
positive fluorescence SLN easily without following the 
weak fluorescence imaging lymphatic vessel. If the new 

Figure 4: In the near-infrared fluorescence imaging, the situation of positive fluorescence SLN was identified 12 minutes 
(A) and 20 hours (B) after injection with 10 μL new tracer. (skin of leg and abdomen, organs in abdominal and pelvic cavity were 
dissected; circle is SLN; yellow arrow is injection point).

Figure 5: The fusion image of the near-infrared fluorescence and the cyclone storage phosphor system. The location of SLN 
detected by the new tracer was consisted with the location of SLN detected by the radiotracer. (circle is SLN; yellow arrow is injection point).
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tracer for SLNB is applied in clinical practice, the surgeon 
could prepare and evaluate the new tracer independently 
without coordination of other department and detect the 
positive fluorescence SLN easily without finding the thin 
fluorescence imaging lymphatic vessel. The clinical study 
of the new tracer was approved by the Institutional Ethics 
Committee of Shandong Cancer Hospital Affiliated to 
Shandong University and was undergoing in our breast 
cancer center. The results of our preliminary study showed 
that the new tracer might be useful for improving SLN 
imaging and worth further clinical study. SLNB with the 
new tracer could be a convenient method for detecting 
SLN and would become a standard performance in clinical 
practice.

In sum, the produce method of the new SLN tracer 
is simple, effective, and no radioactive burden. The new 
tracer could be used in SLN visualization for breast cancer 
patient. However, the appropriate injection dose for 
SLNB in the patient should be retested before its clinical 
application.

Materials and methods

Rituximab was procured from F. Hoffmann-La 
Roche, Ltd (100 mg, Basel, Switzerland). Indocyanine 
green for injection was purchased from Dandong 
Yichuang Pharma, Ltd (25 mg, Dandong, Liaoning, PR 
China). Cyclone storage phosphor system was provided 
by the Department of Nuclear Medicine, Shandong 
University (Jinan, PR China). Dialysis tube was 
purchased from Spectrum Laboratories, Inc (Flat Width 
24 mm, Molecular Weight Cut Off 3.5–5.0 kD, Rancho 
Dominguez, USA). Electrophoresis apparatus was 
procured from Bio-Rad Laboratories, Inc (Richmond, 
CA, USA). Silica gel plate for thin layer chromatography, 
enzyme linked immune sorbent assay (ELLAS) kit, and 
cell culture mediums were obtained from Sigma-Aldrich 
(Shanghai, PR China). All chemicals and reagents were 
of analytical grade.

Animal model

Six-week-old male BALB/c mice were ordered 
from Shandong University Laboratory Animal Center 
(Jinan, Shandong, PR China). The BALB/c mice were 
bred under specific pathogen-free conditions in the Basic 
Laboratory, Shandong Cancer Hospital Affiliated to 
Shandong University for one week. After anesthesia with 
isoflurane, 50 μL solution of 1% (10 mg/mL) methylene 
blue was injected into the mouse hind foot paw [40].  
This technique identifies lymph noeds involved in 
lymphatic drainage from the hind limb, with the ipsilateral 
popliteal, iliac, and renal lymph nodes consistently 
visualized within 15 minutes after injection (Figure 7). 
The popliteal lymph node was identified SLN and the other 
lymph nodes were identified the second-tier lymph nodes. 
All animal experiments were carried out after obtaining 
approval from the Shandong Cancer Hospital Affiliated to 
Shandong University Animal Ethics Committee.

ICG near-infrared fluorescence imaging

The near-infrared fluorescence images were 
obtained using an MDM-I fluorescence imaging system 
(Mingde Biotech, Ltd, Langfang, PR China) consisting of 
photodynamic eye and TV monitor. The ICG absorbs light 
at a wavelength of 745 nm with emission of a fluorescent 
signal. The fluorescent signal was captured by the 
photodynamic eye which is composed of a series of light 
emitting diodes, a lens and a filter with the detector being 
a charge coupled device camera filtering out wavelength 
at 770–800 nm. The fluorescent signal appears on a TV 
monitor. The new tracer was transferred into a 0.2 mL 
eppendorf tube in vitro detection. The distance between 
the fluorescence detector and the tube was same at 1 cm 
before the tube. In the experiment of SLN imaging in 
mice, the distance between the fluorescence detector and 
the skin was approximately 10 cm at the middle before 
the body.

Figure 6: The statue of antibody-receptor connection does not reach saturation. The number of Rituximab is less than CD20 
on the surface of the lymph node. The new tracer could only stay in SLN and make it imaging in the near-infrared fluorescence imaging.
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Preparation of the new tracer

At ambient temperature and sterile condition 
(pH  7.5), 100 mg Rituximab was dissolved into 10 
mL sterile injection water to get 10 mg/mL Rituximab 
solution, and 25 mg ICG was dissolved into 10 mL sterile 
injection water to get 2.5 mg/mL ICG solution. The 
solutions were then stored at 2–8°C shading condition 
prior to use. Rituximab solution was dissolved into ICG 
solution slowly. The reaction volume was 10 mL, and the 
solution was reacted for 5 minutes at ambient temperature. 
The concentration of ICG was 2.5 mg/L, and the mass 
ratios of ICG to Rituximab in the reaction solution was 
1:3, 1:4, 1:12, 1:16, and 1:32. If sediment was found in the 
solution after combination reaction, the reaction solution 
should be centrifuged to remove the sediment (3,000 rpm,  
20 minutes). After centrifugation, supernatant of the 
solution was purified using the dialysis tube. If no 
sediment was found, the reaction solution should be 
purified using the dialysis tube directly. The dialysis 
volume was 500 mL, and the solution was reacted at 
ambient temperature and shading condition. The volume 
ration of reaction mixture: sterile injection water was 
1:200. The dialysate was changed every 2 hours, and 
detected by fluorescence imaging system to identify free 
ICG washed from reaction solution. After purifying, the 
synthesis of Rituximab combined ICG (ICG-Rituximab) 

was collected and stored at 2–8°C shading condition prior 
to use.

Labeled rate of the new tracer

The labeled rate of new tracer was analyzed by 
instant thin-layer chromatography-silica gel. In the 
reaction system 1, the volume ratio of pyridine: ethanol: 
water was 5: 2: 1. The reaction system 2 was acetone. The 
critical of the reaction result: if using the reaction system 
1, ICG would be at base point but the new tracer would be 
at the front of the test strip; if using the reaction system 2, 
Rituximab and the new tracer would be at base point but 
ICG would be at the front of the test strip. 

Molecular integrity and immune activity of the 
new tracer

The molecular integrity was analyzed by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis. 
Rituximab was regarded as a positive control to identify the 
molecular integrity of antibody in the new tracer. Scanning 
electron microscopy (provided by School of Physics and 
Electronic, Shandong Normal University) was used to 
evaluate the microstructure and morphology of the new 
tracer. The molecular immune activity was analyzed by 
enzyme linked immune sorbent assay. ELISA was performed 
in high protein binding capacity polystyrene plates.

Figure 7: Lymphatic drainage of mouse footpad after methylene blue injection (red arrow). Lymph nodes staining with 
methylene blue were found from the ipsilateral popliteal lymph node (PO) to the iliac (IL) and renal (RE) lymph nodes after hind footpad 
injection.
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Bacteria detection

The new tracer was incubated in cell culture 
mediums at 37°C for one week to identify no bacteria 
existence.

Pyrogen detection

The bacterial endotoxin of the new tracer was 
detected by Limulus tests. E. coli endotoxin was used as 
positive control, and sterile injection water was used as 
negative control. If the reaction solution was jelly like, the 
new tracer should contain pyrogen. If the reaction solution 
was clarified, the new tracer should no pyrogen.

Toxicity test

Six-week-old male BALB/c mice were divided into 
five groups with four mice in each group. Five different 
mass ratios of ICG-Rituximab were injected intradermally 
into the mouse hind paw with a dose of 1.2 mg per kg 
and a dose of 12 mg per kg (10 and 100 times as human 
injection dose). After injection, the mouse was bred under 
specific pathogen-free conditions in the Basic Laboratory, 
Shandong Cancer Hospital Affiliated to Shandong 
University and observed for two weeks.

SLN mapping and imaging

ICG-Rituximab was injected intradermally into the 
mouse hind paw with the dose of 10 μL, 50 μL, and 100 μL 
after anesthesia. Fluorescence images of the lymph node of 
mice were acquired by the MDM-I fluorescence imaging 
system. The images were monitored from 1  minute to 
24 hours. The imaging time of SLN and other lymph 
nodes was recorded in detail. The standard SLN tracer  
(99mTc-sulfur colloid, 10 μL, 10 μCi, 185kBq) was injected 
intradermally into the same hind paw of the ten mice 
which identified SLN by the new tracer (10 μL, 0.05 mg 
Rituximab, 0.0125 mg ICG). The location of inguinal SLN 
was identified by Neoprobe 2000 gamma detection system 
(Johnson & Johnson, New Brunswick, USA) two minutes 
after injection. Then, radiotracer images of inguinal SLN 
were acquired by the cyclone storage phosphor system. By 
this method, SLN identified by new tracer was observed 
whether consist with the radiotracer method.

Statistical analysis

Analysis was performed with using the Statistical 
Program for Social Science (SPSS version 17.0) for 
Windows XP. Differences were considered to be 
statistically significant at P < 0.05 (t-test).
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