
Int J Clin Exp Med 2015;8(2):1726-1736
www.ijcem.com /ISSN:1940-5901/IJCEM0004940

Original Article
Detection of pulmonary metastases with the novel  
radiolabeled molecular probe, 99mTc-RRL

Ning Yao1, Ping Yan1, Rong-Fu Wang1, Chun-Li Zhang1, Chao Ma1, Xue-Qi Chen1, Qian Zhao2, Pan Hao1

1Department of Nuclear Medicine, Peking University First Hospital, West District, Beijing 100034, China; 
2Department of Nuclear Medicine, General Hospital of Ningxia Medical University, Xingqing District, Yinchuan 
750004, Ningxia, China

Received December 16, 2014; Accepted February 12, 2015; Epub February 15, 2015; Published February 28, 
2015

Abstract: Background: To improve the detection of pulmonary metastases, experimental blood-borne pulmonary 
metastasis mouse models were established using three intravenously administered cell lines. In a previous study we 
demonstrated that 99mTc-radiolabeled arginine-arginine-leucine (RRL) could be used to non-invasively image malig-
nant tumors. Methods: 99mTc-RRL was prepared and injected intravenously in mice with pulmonary metastases that 
arose from the intravenous injection of HepG2, B16, and Hela cells. The bio-distribution and imaging of 99mTc-RRL 
were determined in different pulmonary metastases mouse models and in normal mice. Results: 99mTc-RRL exhibit-
ed higher uptake values in the lungs of pulmonary metastatic mice compared to normal mice (P<0.05; 3.92±0.48% 
ID/g 2 h post-injection and 3.89±0.36% ID/g 4 h post-injection in metastatic hepatic carcinoma [HepG2]-bearing 
lungs; 5.49±0.84% ID/g 2 h post-injection and 5.11±0.75% ID/g 4 h post-injection in metastatic melanoma [B16]-
bearing lungs; 3.72±0.52% ID/g 2 h post-injection and 3.51±0.35% ID/g 4 h post-injection in metastatic cervical 
carcinoma [Hela]-bearing lungs; 2.38±0.20% ID/g 2 h post-injection and 2.11±0.24% ID/g 4 h post-injection in 
normal lungs). The pulmonary metastatic lesions were clearly visualized using 99mTc-RRL. Conclusions: 99mTc-RRL 
exhibited favorable metastatic tumor targeting and imaging properties, thus highlighting its potential as an effec-
tive imaging probe for detection of pulmonary metastases. 99mTc-RRL can be used as a reasonable supplement to 
18F-FDG imaging in the non-invasive imaging of tumor angiogenesis.
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Introduction

Cancer incurs tremendous economic burden 
and mental anguish in the affected. At present, 
the types of cancer that occur in different 
regions and countries fluctuate slightly, but 
there is no reduction in the number of cancer 
patients [1]. Although it would be ideal to diag-
nose cancer as early as possible, the unfortu-
nate fact is that most cancers are still diag-
nosed and treated at an advanced stage. 
Molecular functional imaging can systemati-
cally evaluate cancer patients and be used to 
effectively diagnose the number and staging of 
primary tumors and metastases, which can in 
turn provide information for the management 
of cancer patients [2-5].

Metastasis is the late stage of tumor angiogen-
esis and the major cause of death in cancer 

patients. Therefore, detecting tumor metasta-
sis is receiving more attention [6-10]. Me- 
tastasis is a complex and multistep process in 
which cancer cells not only invade the surround-
ing tissues and translocate through the blood 
stream to capillaries of distant tissues, but also 
survive in blood and adjust to the microenviron-
ment before proliferating and forming tumor 
metastases [11]. Tumor angiogenesis is very 
important in the growth and metastasis of 
malignant tumors. Tumor cell survival and 
amplification in metastatic sites requires induc-
tion of angiogenesis. Therefore, angiogenesis is 
essential for the initiation as well as develop-
ment of metastases [12, 13]. Recently, report-
er-based visualization of cancer cell migration 
during the metastatic process has been report-
ed in many publications, but few studies have 
imaged distant metastases using radiolabeled 
probes.
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The most common agent used for imaging 
tumors, 18F-FDG, is not tumor-specific and 
accumulates in areas where glucose metabo-
lism is increased. For example, 18F-FDG uptake 
is often masked by surrounding inflammatory 
changes [14-17], and 18F-FDG shows high phys-
iologic uptake in brain and heart tissues [18, 
19]. Detection of tumor growth and metastasis 
using a probe that specifically targets tumor-
induced angiogenesis is a promising direction 
for new molecular imaging modalities [29, 30]. 
Brown [21] first identified a tumor vasculature-
specific binding peptide (RRL) from a phage 
peptide display library. In vitro binding experi-
ments with tumor-derived epithelial cells 
(TDECs) were carried out. Fluorescein FITC-
labeled RRL peptide had the brightest staining 
and specificity for TDECs. Gregory [22] conju-
gated microbubbles (MBs) to RRL via avidin/
biotin bridging chemistry. MBs were success-
fully targeted to tumor-derived cells, but not 
normal endothelial cells to aid in tumor imag-
ing. Our earlier study demonstrated that RRL 
targeted neovascularization [24]. Previously, 
we redesigned, radiolabeled, and imaged a 
novel 99mTc-labeled RRL and demonstrated that 
this new molecular probe has the potential for 
imaging tumor angiogenesis in malignant liver 
carcinoma [20]. In the current study we tested 
the ability of this imaging agent to detect pul-
monary metastases in three different meta-
static models and determined whether or not 
99mTc-RRL imaging could be effective in tumor 
xenografts and metastases models. We also 
determined whether or not 99mTc-RRL could be 
used as a supplement to 18F-FDG imaging in the 
non-invasive imaging of tumor angiogenesis. 

Materials and methods

Ethics statement

Our study was conducted in rigorous compli-
ance with official recommendations. All animal 
experiments were approved by the authority of 
Peking University Animal Studies Committee in 
accordance with the Guidelines for the Care 

and Use of Research Animals (Peking University, 
China) (Approval ID: J201312). Mice were 
housed and maintained in a specific pathogen-
free colony using standard bedding, diet, and 
environment with free access to food and drink-
ing water according to the guidelines. Mice 
were sacrificed by cervical dislocation under 
anesthesia (to minimize suffering).

Radiosynthesis and purification of 99mTc-RRL 

Before the experiments were performed, 0.2 M 
ammonium acetate buffer was prepared and 
RRL (50 μg) was dissolved in phosphate buffer 
(PB; 50 μL of 0.5 M [pH 7.4]). Fresh SnCl2 solu-
tion (0.25 mg/mL) was dissolved in 50 mM 
hydrochloric acid (HCl), and sodium tartrate (10 
mg/mL) was prepared just prior to use. The 
fresh 99mTc-pertechnetate elute was obtained 
from a 99Mo-99mTc radionuclide generator (China 
Institute of Atom Energy, Beijing, China). 
Radiosynthesis was performed as previously 
described [20]. Briefly, RRL was radiolabeled 
using a one-step method. At room temperature, 
7.4 MBq 99mTcO4-eluant (50 μL) was added to 
50 μL of SnCl2 solution, 100 μL of ammonium 
acetate buffer, and 50 μL of RRL. 

After 60 min, the labeled product was purified 
on a Sephadex G25 gel filtration column with 
0.05M PB (pH 7.4) as the eluent. The gel filtra-
tion column first eluted with 1% bovine serum 
albumin, and eluted with phosphate-buffered 
saline (PBS, 0.05 M [pH 7.4]). The radioactivity 
of all fractions was detected with radioactivity 
meters (National Institute of Metrology, Beijing, 
China). To control the quality of labeling, dou-
ble-phase paper chromatography (Xinhua no. 1 
filter paper; Beijing Safelab Technology Ltd, 
Beijing, China) was performed to measure 
labeling efficiency and radiochemical purity 
(Table 1). The mobile phase was acetone and 
ethanol: ammonia: water (2:1:5).

Cell lines and reagents

All cell lines used in this study were generous 
gifts from the Department of Pathology of 

Table 1. Radio frequency (Rf) values (two kinds of developing solvent)
Immobile Phase Mobile Phase Rf 

99mTcO4- 99mTcO2·nH2O 99mTc-RRL
Xinhua no. 1 filter paper Ethanol: Ammonia: Water (2:1:5) 0.9~1.0 0~0.1 0.8~1.0

Acetone 0.9~1.0 0~0.1 0~0.1
Table shows radio frequency values of the various radio labeled compounds as measured using a radioactivity meter.
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Peking University First Hospital, and were main-
tained in the recommended media. The tumor 
cell lines included the human HepG2 hepato-
cellular carcinoma cell line (ATCC No. HB-8065; 
[Rockefeller, Maryland, USA]), the human Hela 
cervical cancer line (ATCC No. CCL-2), and the 
mouse B16/F10 melanoma cell line (ATCC CRL 
No. 6322). HepG2 and Hela cells were cultured 
in Dulbecco’s modified Eagle medium (DMEM)/
high glucose medium containing 10% fetal 
bovine serum (Invitrogen; [New York, New York 
State, USA]), 2 mmol/L glutamine, and 4500 
mg/L glucose. B16 cells were cultured in RPMI-
1640 medium supplemented with 10% fetal 
bovine serum and 1 mmol/L glutamine. All 
commercially available chemical reagents were 
used without further purification. All cells were 
grown at 37°C in a humidified atmosphere con-
taining 95% air and 5% CO2. The cell growth sta-
tus was visualized by inverted microscopy with 
phase contrast (Olympus, Tokyo, Japan), and 
the cells were used in the logarithmic phase of 
growth.

Biodistribution

All animal studies complied with the Guidelines 
for the Care and Use of Research Animals 
established by the Peking University Animal 
Studies Committee. BALB/c nu/nu female mice 
(20±3 g, 3-4 weeks old; Department of 
Laboratory Animal Science, Peking University 
First Hospital) were used in this study. The 
human HepG2 cell line, the human Hela cervi-
cal cancer line, and the mouse B16 melanoma 
cell line were used to simulate pulmonary 

metastases. Pulmonary metastases models 
were generated by injecting 1×106 HepG2 cells, 
Hela cells, or B16/F10 cells into BALB/c nu/nu 
mice through the tail vein. All pulmonary metas-
tases mice were used for bio-distribution stud-
ies 8 weeks after the injection of cells. The 
mice were housed and maintained in a SPF 
colony. The bio-distribution studies for female 
mice were performed as follows.

Forty BALB/c nu/nu mice (6 groups) were used 
in this study (Figure 1). There was one normal 
group, which was not implanted with any can-
cer cells. The other 5 groups (3 experimental 
groups, 1 blocking group, and 1 control group) 
were injected with different cell lines as 
described above. The experimental groups con-
sisted of 1 pulmonary metastasis HepG2-
bearing group, 1 pulmonary metastasis Hela-
bearing group, and 1 pulmonary metastasis 
B16/F10-bearing group. The blocking and con-
trol groups were both implanted with HepG2 
cells. Three experimental groups and 1 normal 
group containing 8 mice were divided into 2 
subgroups of 4 mice each. The three experi-
mental groups were treated with 99mTc-RRL, 
and the control group was only administered 
Na 99mTcO4. The blocking group was treated 
with unlabeled RRL (500 mg dissolved in 50 
mL of 0.5M PB [pH = 7.4]) from the lateral tail 
vein 30 minutes before injection of 99mTc-RRL. 

The three experimental groups and one normal 
group were treated with 99mTc-RRL as follows. A 
single dose of 1,850 kBq of 99mTc-RRL was 
injected into each mouse via the lateral tail 

Figure 1. Schematic of groups analyzed for biodistribution. Forty BALB/c nu/nu mice were used in this study. There 
was one normal group, which was not implanted with any cancer cells. The other five groups (three experimental 
groups, one blocking group, and one control group) were injected with different cell lines. The experimental groups 
consisted of one pulmonary metastases HepG2-bearing group, one pulmonary metastases Hela-bearing group, 
and one pulmonary metastases B16/F10-bearing group. The blocking and control groups were both planted with 
HepG2. Three experimental groups and one normal group consisting of eight mice were divided into two subgroups 
of four mice each. 
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vein. Groups of 4 mice per time point were sac-
rificed at 2 or 4 h after injection for the bio-dis-
tribution studies. The organs of interest (heart, 
liver, spleen, lung, kidney, bone, stomach, mus-
cle, intestine, urine, and blood) were harvested, 
weighed, and counted. The results are expre- 
ssed as the percentage injected activity per 
gram (% ID/g) of tissue, corrected for back-
ground and decay.

Imaging of pulmonary metastatic tumors with 
99mTc-RRL 

Fifteen BALB/c nu/nu mice with pulmonary 
metastatic tumors were divided into 5 groups 
of 3 mice each, consisting of 3 experimental 
groups (Hela, HepG2, and B16/F10 groups), 1 
blocking group, and 1 control group. All groups 
were imaged by planar gamma.

In experimental groups, the mice received 
99mTc-RRL (7.4 MBq, 100 μL [pH = 7.4]) and 
were imaged. 99mTc-RRL were purified and sepa-
rated by on a Sephadex G25 gel filtration col-
umn. In the control group, mice were adminis-
tered 7.4 MBq Na99mTcO only, and in the block-
ing group 500 mg of unlabeled RRL was inject-
ed into each mouse 30 min before injection of 
99mTc-RRL. All injections were successful with 

no leakage. The imaging time points were cho-
sen based on our previous study [20], in which 
uptake was maximized. Whole-body planar 
imaging was performed 2 and 4 h after injec-
tion in the Department of Nuclear Medicine of 
Peking University First Hospital using a SPECT 
instrument (SPR SPECT; GE Healthcare, Inc., 
[Fairfield, Conn, USA]) equipped with a low-
energy, high-resolution, parallel-hole collima-
tor. Planar images were acquired at 200 k 
counts with a zoom factor of 2.0. The images 
were digitally stored in a 256×256 matrix size.

Statistical analysis

Statistical analysis was performed using one-
way ANOVA analysis. The software used was 
SPSS 19.0. All results are expressed as the 
mean ± SD. A 95% confidence level was chosen 
to determine statistical significance, with a 
P<0.05 considered to be statistically signi- 
ficant.

Results

Biodistribution of 99mTc-RRL in pulmonary me-
tastases mice

The bio-distribution data are shown in Table 2 
and Figures 2 and 3. The biodistribution of 

Table 2. Biodistribution of 99mTc-RRL in HepG2, B16, and Hela pulmonary metastases and normal 
mice

% ID/g
2 h 4 h

Lung metastases Normal Lung metastases Normal
Tissue HepG2 B16 Hela HepG2 B16 Hela

Heart 1.60±0.07 1.66±0.11 1.68±0.07 1.70±0.05 1.44±0.09 1.47±0.08 1.44±0.07 1.55±0.07

Liver 1.40±0.06 1.38±0.06 1.38±0.12 1.30±0.07 1.22±0.09 1.26±0.13 1.33±0.08 1.23±0.08

Spleen 1.06±0.10 1.01±0.22 1.13±0.16 1.09±0.19 1.03±0.03 0.93±0.06 0.98±0.10 1.06±0.09

Lung 3.92±0.48* 5.49±0.84* 3.72±0.52* 2.38±0.20 3.89±0.36* 5.11±0.75* 3.51±0.35* 2.11±0.24

Kidney 9.05±0.59 9.15±0.81 9.23±0.87 8.18±0.50 7.57±0.39 7.99±0.89 7.94±0.70 7.30±0.48

Bone 3.61±0.57 3.60±0.29 3.86±0.45 3.34±0.38 3.04±0.19 3.21±0.38 2.99±0.45 3.21±0.36

Stomach 9.01±0.52 9.81±0.46 8.82±0.44 9.51±0.40 8.06±0.67 8.27±0.85 7.89±1.16 8.02±0.65

Muscle 0.60±0.05 0.59±0.10 0.57±0.08 0.56±0.07 0.49±0.06 0.55±0.09 0.42±0.07 0.51±0.08

Intestine 1.65±0.23 1.43±0.11 1.77±0.23 1.64±0.14 1.21±0.25 1.06±0.13 1.02±0.22 1.30±0.17

Bladder 2.76±0.39 2.65±0.36 3.11±0.66 3.03±0.46 2.52±0.35 2.40±0.25 2.24±0.23 2.49±0.28

Blood 2.08±0.15 2.07±0.14 2.15±0.11 2.09±0.18 1.43±0.14 1.42±0.13 1.56±0.14 1.48±0.20

Uptake rate of tumor/normal tissue

Lung/heart 2.45 3.31 2.21 1.40 2.70 3.48 2.14 1.36

Lung/kidney 0.43 0.60 0.40 0.29 0.51 0.64 0.44 0.29

Lung/blood 1.88 2.64 1.73 1.14 2.72 3.57 2.25 1.43

Lung/muscle 6.53 9.31 6.52 4.25 7.94 9.28 8.36 4.14

Uptake rate of tumor-bearing lung/normal lung (TL/NL)

TL/NL 1.65 2.31 1.56 1.84 2.42 1.66
*P<0.05, significant differences among levels of 99mTc-RRL in HepG2, B16, and the Hela pulmonary metastases mouse model and the 99mTc-RRL normal mouse model. 
The experimental data were analyzed with single factor analysis of variance (one-way ANOVA), Means in multiple samples were compared between two groups of com-
pletely randomized design, and it was deduced whether the overall means of two groups of data are equal. Data are presented as the % ID/g (mean ± SD; n = 4).
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99mTc-RRL was determined in HepG2, B16, and 
Hela pulmonary metastases mice and com-
pared with normal nu/nu mice 2 and 4 h after 
injection (Table 2), and the control and blocking 
groups 2 h after injection.

99mTc-RRL exhibited specific uptake values in 
the lungs of pulmonary metastases mice, and 
99mTc-RRL also exhibited significantly higher 
lung uptake values in pulmonary metastases 
mice than normal mice (P<0.05; Table 2) 2 and 

Figure 2. Bio-distribution of 99mTc-RRL in the HepG2, B16, and Hela pulmonary metastases models and in normal 
mice (4 h). Data are expressed as the mean ± SD (n = 4). The uptake by the lung in pulmonary metastasis mice is 
much higher than normal mice. 

Figure 3. Bio-distribution of 99mTc-RRL in the HepG2 pulmonary metastasis model at 4 h. Comparison of % ID/g of 
organs of interest among experimental, blocking, and control groups 6 h post-injection is shown. Data are expressed 
as the mean ± SD (n = 4). The uptake by the lung in the pulmonary metastasis group is higher than by the blocking 
and control groups. 
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4 h after injection. The lung uptake values were 
3.92±0.48 and 3.89±0.36% ID/g in pulmonary 
metastases HepG2-bearing mice, 5.49±0.84 
and 5.11±0.75 in % ID/g pulmonary metasta-
ses B16-bearing mice, 3.72±0.52 and 3.51± 
0.35% ID/g in pulmonary metastases Hela-
bearing mice, and 2.38±0.20 and 2.11±0.24% 
ID/g in normal mice at 2 and 4 h, respectively. 
The 99mTc-RRL uptake values in the pulmonary 
metastases HepG2-bearing lungs were 1.65 
and 1.84 times the lung uptake values in nor-
mal group 2 and 4 h after injection, respective-
ly. The uptake values of the B16-bearing lungs 
were 2.31 and 2.42 times the values in normal 
mice at 2 and 4 h, respectively. The 99mTc-RRL 

uptake values in the Hela-bearing lungs were 
1.56 and 1.66 times the values in normal mice 
at 2 and 4 h, respectively. 99mTc-RRL displayed 
higher lung-to-normal organ uptake ratios (rate 
of tumor/normal tissue) in the three pulmonary 
metastases mice compared with normal mice. 

In the control group, uptake of the radiolabeled 
probe was similar to the experimental group in 
the blood, heart, spleen, muscle, and stomach 
(P>0.05). The data of tumor-bearing lung 
showed a significant difference between the 
experimental and control groups (P<0.05), but 
were similar to that of the blocking group 
(P>0.05). In the blocking group, the radiola-

Figure 4. Planar imaging of pulmonary metastasis Hela-bearing mice. Images of the pulmonary metastases Hela 
model 2 h post-injection of the 99mTc-RRL are shown. The metastatic lesion in the lung is visible. (A) Immunohisto-
chemical staining of the tumor, (B) HE staining of the tumor (×200) and (C) the dissected tumor specimen.

Figure 5. Planar imaging of the pulmonary metastasis B16-bearing model. Images of B16 pulmonary metastasis 
model 2 h post-injection of the 99mTc-RRL is shown. The metastatic lesions in the lung are visible. (A) Immunohisto-
chemical staining of the tumor, (B) HE staining of the tumor (×200) and (C) the dissected tumor specimen.



99mTc-RRL aids in pulmonary metastasis detection

1732 Int J Clin Exp Med 2015;8(2):1726-1736

beled probe had a greater distribution in the 
heart, spleen, stomach, and small intestine, 
but a lower distribution in tumor-bearing lung 
(P<0.05; Figure 3).

Planar imaging

Mice bearing different pulmonary metastatic 
tumors were injected with 99mTc-RRL through 
the tail vein to image metastatic deposits. 
Planar imaging data acquisition began 1 h after 
administration. The whole-body images of three 

different tumors are presented in Figures 4-6. 
The different pulmonary metastatic lesions 
were all clearly imaged after the administration 
of 99mTc-RRL. In the control and blocking groups, 
the tumors were not detected after injection of 
99mTc-RRL at any time (Figure 7). 

Detection of tumor by HE staining

The metastases were confirmed via necropsy 
after completion of the imaging study. The 

Figure 6. Planar imaging of the pulmonary metastasis HepG2-bearing model. Images of HepG2 pulmonary metas-
tasis model 2 h post-injection of the 99mTc-RRL is shown. The metastatic lesions in the lung are visible. (A) Immu-
nohistochemical staining of the tumor, (B) HE staining of the tumor (×200) and (C) the dissected tumor specimen.

Figure 7. Comparison images of the pulmonary metastases HepG2-bearing models. In the blocking group immu-
nohistochemical images, the tumors in the lung are not shown clearly at any time (B), but the experimental model 
shows clear uptake at 2 h (A). Control group also shows a vague imaging of the tumor (C). 
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results of hematoxylin/eosin staining are shown 
in Figures 4-6.

Discussion

We have previously reported that 99mTc-RRL can 
be used in the imaging of tumor xenografts. We 
now show that 99mTc-RRL can also be used to 
image pulmonary metastases and 99mTc-RRL 
can supplement 18F-FDG PET imaging. We have 
demonstrated 99mTc-RRL imaging in three dif-
ferent pulmonary metastases models. Our data 
support the use of 99mTc-RRL to detect tumor 
metastases by targeting tumor angiogenesis. 

In a previous study, Brown [21] first identified a 
tumor vasculature-specific binding peptide 
(RRL) using an in vitro bacterial peptide display 
library panned against tumor cells. In vitro bind-
ing experiments with tumor-derived epithelial 
cells (TDECs) were carried out. FITC-labeled 
RRL peptide showed the brightest staining and 
specificity for TDECs. Gregory [22] conjugated 
MBs to the peptide RRL via avidin/biotin bridg-
ing chemistry. MBs were successfully targeted 
to tumor-derived, but not normal endothelial 
cells. Our team then redesigned RRL and radio-
labeled the peptide with 131I. The bio-distribu-
tion of 131I-RRL and in vivo imaging showed the 
potential of this imaging agent in BALB/c nude 
mice bearing PC3 human prostate carcinoma 
xenografts [23]. A further study confirmed that 
the adherence between RRL and different 
tumor cell lines, including B16, HepG2, and 
SKOV3, to be highly specific and this result was 
consistent with in vivo 131I-RRL SPECT imaging. 
We concluded that it was unlikely that VEGFR-2 
was the only binding ligand for tRRL targeted to 
tumor angiogenic endothelium, and suggested 
that radio iodinated tRRL can be a non-invasive 
method for functional molecular imaging of 
tumor angiogenesis [24]. In a subsequent 
study, Qian Zhao [20] radiolabeled the peptide 
with 99mTc and showed that 99mTc-RRL had 
potential as a molecular probe for imaging 
tumor angiogenesis in malignant liver carcino-
ma. Currently, many researchers are studying 
the visualization of cancer cell migration during 
the metastatic process [25-27], but few re- 
searchers have focused on imaging distant 
metastasis using radiolabeled agents. In the 
current study, we employed three different 
tumor cell models (B16, HepG2, and Hela), and 
demonstrated the visualization of distant 
metastasis using the novel probe, 99mTc-RRL. 

As reported in our previous study [20], bio-dis-
tribution data in pulmonary metastases mice 
showed quick blood clearance, as most of the 
tracer was cleared within 4 h post-injection. In 
addition, the uptake rates of the tracer were 
determined in three types of tumor-bearing 
lungs. The lung uptake values and the times of 
tumor-bearing lung-to-normal lung were 3.89 
and 1.84% ID/g in pulmonary metastases 
HepG2-bearing mice, 5.11 and 2.42% ID/g in 
B16-bearing mice, and 3.51 and 1.66% ID/g in 
Hela-bearing mice at 4 h, respectively. The bio-
distribution data of 99mTc-RRL demonstrated 
that the lung uptake values in all pulmonary 
metastatic mice were significantly higher than 
normal mice (P<0.05). The above data demon-
strate that 99mTc-RRL is a superb radiotracer for 
non-invasive imaging of pulmonary metasta-
ses. Compared with the experimental groups, 
the % ID/g value of tumor-bearing lung in the 
blocking group was significantly lower than that 
of the experimental group, and there was no 
statistically significant difference between the 
blocking and control groups (P>0.05). The bio-
distribution results illustrated the specificity of 
99mTc-RRL targeting tumors.

At present, the most commonly used contrast 
agent for cancer imaging is 18F-fluorodeoxy- 
glucose (18F-FDG) because most tumors have 
characteristically high glucose metabolism. 
Unfortunately, pulmonary metastases may 
often be masked by surrounding inflammation 
and other benign lesions on 18F-FDG imaging, 
making this method less effective in detecting 
pulmonary metastatic tumors clinically [28]; 
however, probes targeting tumor-induced an- 
giogenesis, such as Arg-Gly-Asp (RGD), can 
avoid this shortcoming [29, 30]. Our study dem-
onstrated rapid blood clearance and high tumor 
uptake of 99mTc-RRL, which was similar to the 
results on cyclic RGD in our previous study [20], 
and 99mTc-RRL has potential as a targeting 
probe for imaging tumor angiogenesis in malig-
nant liver carcinoma. The 99mTc-RRL performa- 
nce allowed the recognition of pulmonary and 
mediastinal metastases. The targeting probe, 
RRL, can complement the insufficiency of 18F-
FDG. Additionally, SPECT (single photon emis-
sion computed tomography) examination is 
much cheaper than PET (positron emission 
tomography). Examination by SPECT is more 
feasible for the treatment of patients with lim-
ited economic resources. These bio-distribu-
tion results show that the probe, 99mTc-RRL, 
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images pulmonary metastatic tumors, and can 
be used as a suitable supplement to 18F-FDG 
imaging.

Three types of pulmonary metastatic lesions 
were clearly imaged using planar imaging with 
99mTc-RRL. The images results corresponded to 
the bio-distribution results in pulmonary metas-
tases (Table 2); however, not all individual met-
astatic foci were visible with 99mTc-RRL due to 
the resolution limitations of the instrument 
used. The metastases were confirmed on nec-
ropsy after completion of the imaging study. In 
the blocking imaging, the tumors were not 
shown after injection of 99mTc-RRL at any time. 
It was shown that the excess RRL blocked the 
radioactive uptake in tumor-bearing lungs, 
which illustrated specific affinity of the peptide 
with liver carcinoma. Images and bio-distribu-
tion data of 99mTc-RRL showed that the radio-
tracer also accumulated in the kidneys and 
stomach for the reasons mentioned previously 
[20], which may influence the imaging of 
abdominal tumors and metastases. To follow 
these results, our team could change the single 
peptide structure of RRL to solve this problem. 
In the current study, we investigated pulmonary 
metastases images and bio-distribution re- 
sults, which indicated that 99mTc-RRL had the 
potential to be a candidate for imaging distant 
metastasis in the lung. Combined with our pre-
vious studies [20, 22, 23], 99mTc-RRL is a strong 
candidate imaging agent for specifically target-
ing tumor angiogenesis. RRL can successfully 
image both tumor xenografts and pulmonary 
metastases.

It is well known and established that the occur-
rence and final formation of metastasis is influ-
enced by hypoxia and angiogenesis [31]. 
Imaging with 99mTc-RRL targeting tumor-induced 
angiogenesis can reveal the dynamics and 
sites of tumor angiogenesis, which could allow 
the guidance of anti-angiogenic drug therapy. 
Imaging plays a very important role in the man-
agement of patients with metastatic tumors. 
The timely identification of metastatic lesions 
can reduce patient morbidity and ultimately 
prolong survival. In the current study, pulmo-
nary metastatic tumors could be imaged 8 
weeks after cell injection. Future studies will be 
necessary to identify the minimal time within 
which imaging metastatic tumors is possible 
and to evaluate the capability of 99mTc-RRL in 
monitoring the progression of lung metastasis.

Conclusion

This bio-distribution and image study clearly 
demonstrated that 99mTc-RRL is an appropriate 
radiotracer for non-invasive imaging of pulmo-
nary metastatic tumors. In combination with 
previous findings, we determined that 99mTc-
RRL can image tumor xenografts and pulmo-
nary metastatic tumors successfully. 99mTc-RRL 
targets tumor angiogenesis, thus allowing for 
SPECT molecular imaging and could serve as 
an adaptive complement to 18F-FDG PET imag-
ing in detecting metastatic tumors in the lung.
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