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Abstract 

Background: Long non-coding RNA (LncRNA) HOTAIR was amplified and overexpressed in many human carcino-
mas, which could serve as a useful target for cancer early detection and treatment. The 99mTc radiolabeled antisense 
oligonucleotides (ASON) could visualize the expression of HOTAIR and provide a diagnostic value for malignant 
tumors. The aim of this study was to evaluate whether liposome-coated antisense oligonucleotide probe 99mTc-
HYNIC-ASON targeting HOTAIR can be used in in vivo imaging of HOTAIR in malignant glioma xenografts.

Methods: The ASON targeting LncRNA HOTAIR as well as mismatched ASON (ASONM) were designed and modified. 
The radiolabeling of 99mTc with two probes were via the conjugation of bifunctional chelator HYNIC. Then probes 
were purified by Sephadex G25 and tested for their radiolabeling efficiency and purity, as well as stability by ITLC 
(Instant thin-layer chromatography) and gel electrophoresis. Then the radiolabeled probes were transfected with lipo-
fectamine 2000 for cellular uptake test and the next experimental use. Furthermore, biodistribution study and SPECT 
imaging were performed at different times after liposome-coated 99mTc-HYNIC-ASON/ASONM were intravenously 
injected in glioma tumor-bearing mice models. All data were analyzed by statistical software.

Results: The labeling efficiencies of 99mTc-HYNIC-ASON and 99mTc-HYNIC-ASONM measured by ITLC were (91 ± 1.5) 
% and (90 ± 0.6) %, respectively, and both radiochemical purities were more than 89%. Two probes showed good 
stability within 12 h. Gel electrophoresis confirmed that the oligomers were successfully radiolabeled no significant 
degradation were found. Biodistribution study demonstrated that liposome-coated antisense probes were excreted 
mainly through the kidney and bladder and has higher uptake in the tumor. Meanwhile, the tumor was clearly shown 
after injection of liposome coated 99mTc-HYNIC-ASON, and its T/M ratio was higher than that in the non-transfection 
group and mismatched group. No tumor was seen in mismatched and blocking group.

Conclusion: The liposome encapsulated 99mTc-HYNIC-ASON probe can be used in the in vivo, real-time imaging of 
LncRNA HOTAIR expression in malignant glioma.
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Glioma is the most proliferative and reversible primary 
brain tumor in human beings [1]. Approximately 80% of 
the malignant tumors of the central nervous system are 
gliomas [2]. Although treatment approaches such as sur-
gery, radiotherapy, and chemotherapy have been widely 
used, the median survival time of glioma patients is still 
limited to about 14 months [3, 4]. Therefore, new and 
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more effective approaches are urgently needed. LncRNA, 
a kind of mRNA-like transcripts as 200 nt to 100 kilo-
bases (kb), have no protein-coding potential, however 
its roles in gene transcription, translation, heredity and 
epigenetic regulation in tumors has gained increasing 
attention in recent years [4]. It was found that LncRNA 
is widely expressed in human cancers, indicating that it 
may be associated with cancer onset and progression [5]. 
Zhang et  al. [6] identified 129 LncRNAs, which were at 
least 2-fold higher in gliomas than in normal brain tis-
sue. Of these, HOTAIR were up-regulated with ascend-
ing malignancy grades, and its expression level in high-
grade astrocytoma is significantly higher than that in 
normal brains, suggesting its potential roles in the occur-
rence and development of gliomas. HOTAIR, as the first 
LncRNA with trans-regulatory function, silencing tumor 
suppressor genes by mediates recruitment of polycomb 
repressive complex 2 (PRC2) [7, 8]. Previous literature 
reported that HOTAIR can affect the cell cycle, and the 
decrease of HOTAIR expression will lead to a significant 
increase in G0/G1 phase cells [3]. Meanwhile, HOTAIR 
is positively correlated with tumor cell proliferation, sur-
vival, invasion and resistance to treatment via molecules 
such as chromatin modifiers and ubiquitin ligases [9]. 
Previous studies have been found that the expression of 
HOTAIR is significantly higher in cancer tissues than in 
matched tumor-adjacent healthy tissues [9]. Thus, these 
studies suggested that HOTAIR is stable and measurable 
in body fluids, and the high expression of HOTAIR is a 
biomarker of tumor diagnosis, metastasis, drug resist-
ance and poor prognosis. Therefore, it has diagnostic and 
prognostic value for gliomas [10, 11].

Antisense imaging is an attractive and non-invasive 
method to detect the expression of HOTAIR in gliomas. 
Because the antisense oligonucleotide sequence can com-
bine with the target gene through base complementary 
pairing, we attach radionuclides to antisense oligonucleo-
tides so that radiolabeled oligonucleotides can noninva-
sively detect the expression of HOTAIR with SPECT and 
directly express and quantify biological processes at the 
cellular or subcellular level [12, 13].

Antisense oligonucleotide (ASON) technique uses a 
completely (or nearly complete) complementary single 
strand of 15 to 25 nucleotides that binds to the target 
gene, which can lead to gene silencing or interfere with 
the processing or translation of RNA [14, 15]. In addition, 
preclinical studies have shown that after chemical syn-
thesis and modification of ASON (Antisense oligonucle-
otide), the nuclease degradation rate is decreased, while 
enhanced the affinity of plasma binding protein, the tis-
sue biological distribution is rapid, thus makes ASON 
a good biological effect and stability [16, 17], which can 
be used as a feasible strategy for glioma treatment and 

detection. Compared with MRI, CT and other traditional 
imaging techniques for the diagnosis of gliomas, anti-
sense imaging detects the expression of specific genes 
rather than anatomical variation [13]. As a molecular 
imaging technology, it has attracted much attention 
because of its high sensitivity, high resolution, and short 
acquisition time [18]. At the same time, compared with 
surgery, antisense oligonucleotide probe is non-invasive 
and would reveal the molecular changes of glioma at rela-
tively early stages.

Considering the role of HOTAIR in tumorigenesis and 
treatment, as well as the efficiency, specificity, and irre-
versibility of antisense oligonucleotides binding to the 
target, the objective of the present study was to explore 
the 99mTc labeled antisense oligonucleotide probe tar-
geting HOTAIR, evaluate its characteristics in vitro, and 
observe whether it can be used in the imaging of gliomas.

Materials and methods
The 19-base oligonucleotide probes targeting LncRNA 
HOTAIR were chemically synthesized and modified from 
Shanghai Shangon Bioengineering Co., Ltd. The ASON 
(Antisense oligonucleotide) sequence was designed as 
5′- AAT TCT TAA ATT GGG CTG G − 3′, which was com-
pletely complementary to the HOTAIR fragment, and 
the ASONM (mismatched antisense oligonucleotides) 
sequence was 5′-AAT ACTTA GATT AGGC AGG-3′ (The 
underlined part is the substituted nucleosides). Two 
probes were modified with 2′ methylation (2′-O-methyl) 
at both ends of the sequences, two bases at each end were 
phosphonothioate modified to improve their stability, 
 NH2C6 is connected to 5′ end. Ultimately, the synthetic 
structure was 5′-NH2C6-ASON/ASONM-3′. 99mTc is 
obtained from the 99mTc radionuclide generator pro-
duced by China Atomic Energy Research Institute.

Synthesis and labeling of the probe
0.2 mg ASON (Antisense oligonucleotide) dissolved 
in 50 μL buffer (2 mol/L NaCl, 0.5 mol/L  NaHCO3, 
2 mmol/L EDTA), 1 mg HYNIC (TriLink, US) dissolved 
in 100 μL DMF solution. Mixed them at a molar ratio of 
25:1(HYNIC: ASON) and avoid light for 1 h. Then the 
mixture above were added with 60% methanol to the total 
volume of 500 μL, using an ultrafilter tube (Sartorius, 
GER) and centrifuged 10 min at 13000×g (ensure that the 
volume after centrifugation was less than 50 μL) to obtain 
HYNIC-ASON. Next, 100 μL Tricine(100 mg/mL), 20 μL 
99mTc(222 MBq) as well as 4 μL fresh  SnCl2•2H2O (1 mg/
mL) were added to HYNIC-ASON in turn and reacted 
for 60 min. After the reaction, using Sephadex G25(GE, 
US) to separate and purify. Fifteen tubes of eluates were 
collected, then the radioactivity counts and nucleic acid 
concentration of each tube were detected respectively. 
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The tube with the highest radioactivity counts and 
nucleic acid concentration was taken for follow-up 
experiments. ASONM (mismatched ASON) probes were 
prepared by the same method.

Serum stability
Fresh human serum was provided by volunteers in our 
department. All the volunteers obtained verbal consent. 
The study was approved by the review committee and 
the ethics committee of the General Hospital of Ningxia 
Medical University. 99mTc-HYNIC-ASON was incubated 
in saline and fresh human serum at 37 °C and room tem-
perature, respectively (the volume ratio of the probe to 
serum/saline was 1:1). The radiochemical purity was 
detected by ITLC (Instant thin-layer chromatography) at 
0, 2, 4, 6, 8, 12 h.

Agarose gel electrophoresis
To identify the integrity of 99mTc-HYNIC-ASON and 
eliminate the degradation after labeling. 1% agarose 
gel was configured, followed by an unbonded ASON 
(Antisense oligonucleotide) sample, 99mTc, 99mTc-
HYNIC-ASON before and 99mTc-HYNIC-ASON after 
purification. The voltage was 120 V, electrophoresis for 
20 min, then the band was observed under UV.

Cell culture and transfection
U87 glioma cells were purchased from the Chinese Acad-
emy of Sciences, and cultured in DMEM (Invitrogen, US) 
medium containing 15% fetal bovine serum (ABW, CHN) 
and 1% antibiotics in a  CO2 incubator at 37 °C for 24 h, 
then passaged when the cell density reached 90%.

Transfection for animal experiments (Lip-99mTc-
HYNIC-ASON and Lip-99mTc-HYNIC-ASONM). 
Liquid A: 10 μg purified 99mTc-HYNIC-ASON 
 (or99mTc-HYNIC-ASONM) were added to 300 μL 
DMEM without serum and antibiotics; Liquid B: 25 μL 
Lipofectamine 2000 (Invitrogen, US) were added to 
275 μL DMEM, then liquid A and B were placed at room 
temperature for 5 min respectively, then mixed two of 
them for 20 min to complete transfection.

Cellular uptake
U87 cells were inoculated in a 12-well plate at 5 ×  105 
density and cultured overnight in DMEM containing 
15% FBS without antibiotics. The cells were divided into 
liposome transfected and non-transfected groups. In the 
transfection group, a mixture containing 200 μL DMEM, 
0.5 μg 99mTc-HYNIC-ASON (or 99mTc-HYNIC-ASONM) 
(37 kBq) and 3 μL Lipofectamine 2000 was added into 
each well; In the non-transfection group, 0.5 μg 99mTc-
HYNIC-ASON (or 99mTc-HYNIC-ASONM) (37 kBq) 
in 200 μL DMEM was added directly into the medium. 

After cultured in the 37 °C incubator, the samples were 
collected at 0.5 h, 2 h, 4 h and 6 h, each well was washed 
three times with 100 μL PBS for 3 times, the counts of 
radioactive medium and PBS were defined as Cout. Then 
the cells were lysed with trypsin containing EDTA and 
washed for 3 times, the radioactivity counts of cells, lysis 
solution and PBS were defined as Cin. The radioactivity 
counts of Cin and Cout were measured by γ radioim-
munoassay counter (Chinese Academy of Metrology), 
and the uptake rate of cells to the probe at each time was 
calculated. Calculation formula: cell uptake rate = Cin/ 
(Cin + Cout) × 100%.

Animal xenograft model
BALB/c nu/nu mice (female, weight ± SD, 20 ± 6 g, age 
3 ~ 4wk) were fed in the Experimental Animal Center 
of Ningxia Medical University. Malignant glioma U87 
cells (5 ×  1011) were subcutaneously injected into the 
right fore axilla of each mouse. When the tumor reached 
1.5–2.0 cm, it was used in the follow-up experiment. All 
animal experiments have passed the ethical review of the 
Animal Experimental Center of Ningxia Medical Univer-
sity, and were conducted under the guidelines of the Ani-
mal Welfare Committee.

Biodistribution studies
Twenty nude mice were randomly divided into 5 groups 
with 4 mice in each group. Lip-99mTc-HYNIC-ASON (or 
Lip-99mTc-HYNIC-ASONM) 1 μg, 2.59 MBq (100 μL) was 
injected into the tail vein. Then the mice were euthanized 
by cervical dislocation at 1 h, 2, h 3 h, 4 h and 6 h after 
100 μL of blood was taken from the ophthalmic vein. 
After that, tissues like heart, liver, spleen, kidney, stom-
ach, small intestine, bladder, muscle, bone, and tumor 
were removed and weighed, then radioactivity counts 
were measured. The distribution results were recorded 
as the percentage of radioactivity per gram of tissue (% 
ID/g).

SPECT imaging
Images were performed by a SPECT scanner at 1 h, 2 h, 
4 h, 6 h, and 8 h respectively. 4 μg, 14.8 MBq (150 μL) Lip-
99mTc-HYNIC-ASON (or Lip-99mTc-HYNIC-ASONM) 
probe were injected into the tail vein. 4 μg, 14.8 MBq 
(150 μL) 99mTc-HYNIC-ASON for non-transfected group. 
In the blocking group, 10 μg liposome-transfected ASON 
was injected 2 h in advance to block, and then Lip-99mTc-
HYNIC-ASON was injected. The collection counts were 
100,000 and stored as a 64 × 64 matrix at 3.2 zooms, then 
ratio of T/M (Tumor/Muscle) and T/A (Tumor/Abdo-
men) were calculated over the regions of interest.
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Statistical analysis
All data are processed by SPSS22.0 statistical software, 
variables are represented by X ± SD . T test was used for 
comparison between the two groups. P < 0.05 is consid-
ered to be statistically significant.

Results
Synthesis and labeling of the probe
ITLC (Instant thin-layer chromatography) used saline 
as the developer, the radioactivity of the antisense probe 
before and after purification remained in the same posi-
tion (1.18 Minutes) (Fig.  1). The labeling rate of 99mTc-
HYNIC-ASON and 99mTc-HYNIC-ASONM measured by 
ITLC were (91 ± 1.5) % and (90 ± 0.6) %, respectively, and 
both radiochemical purities were more than 89% after 
purification.

Radioactivity counts and nucleic acid concentration
In Fig. 2b, the unbonded ASON (Antisense oligonucleo-
tide) fragments were filtered out by 1–4 tubes, and the 
eluent of 4–8 tubes were 99mTc-HYNIC-ASON, which 
were coincided with the peak of radioactivity counts in 
Fig. 2a.

Serum stability and agarose gel electrophoresis
The radiochemical purity of 99mTc-HYNIC-ASON 
reached more than 80% in 12 h, and there was no signifi-
cant difference between saline and fresh human serum 
(Fig. 3a). Figure 3b shows brighter bands before and after 
purification, indicating that the oligonucleotide probe has 
integrity and there is no obvious degradation, no band 
was seen in 99mTc control group. The results showed that 
99mTc-HYNIC-ASON had good tolerance and stability in 
serum at 37 °C, which were similar to that in vivo.

Cellular uptake
The uptake rate of Lip-99mTc-HYNIC-ASON in tumor 
cells reached the highest at 2 h (3.2%), while the uptake 
rate of non-transfection probes was only 1.2%. The 
results show that liposome can effectively carry the probe 
into the cell. Meanwhile, at each time point, the uptake 
rate of the transfection group was higher than that of the 
non-transfection group, and the highest cell uptake rate 
of Lip-99mTc-HYNIC-ASONM was only 0.6%, indicating 
that the antisense oligonucleotide probe had high speci-
ficity, while the mismatched probe could not bind specifi-
cally. (P < 0.01) (Fig. 4).

Fig. 1 ITLC (Instant thin-layer chromatography) retention time of 99mTc (a); ITLC retention time of 99mTc-HYNIC-ASON before purification (b) and 
after purification (c). (ASON: Antisense oligonucleotide)
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Fig. 2 The radioactivity count (a) and nucleic acid concentration (b) of each tube of 99mTc-HYNIC-ASON purified by Sephadex G25. (ASON: 
Antisense oligonucleotide)

Fig. 3 Probe stability identification. Radiochemical purity of 99mTc-HYNIC-ASON incubated in saline and fresh serum during 6 h, at room 
temperature (RT) and 37 °C (a). The probe integrity was detected by agarose gel (from left to right: ASON sample, 99mTc, 99mTc-HYNIC-ASON before 
purification, 99mTc-HYNIC-ASON after purification) (b). (full-length gel is presented in Supplementary Fig. 1.) (ASON: Antisense oligonucleotide)

Fig. 4 The in vitro cellular uptake rates of 99mTc-HYNIC-ASON and mismatched probes with or without transfection at 30 min, 1 h, 2 h, 4 h and 6 h . 
(ASON: Antisense oligonucleotide)
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Biodistribution studies
Lip-99mTc-HYNIC-ASON and mismatched probes had 
similar biological distributions except for the tumor radi-
oactivity uptake. (listed in Tables 1 and 2). In the tumor, 
the concentration of mismatched probes was signifi-
cantly lower than antisense probe concentration. At the 
same time, with the clearance of blood, the uptake of the 
two probes by the tumor decreased gradually. However, 
until 6 h after injection, the tumor uptake of Lip-99mTc-
HYNIC-ASON remained at a relatively high level.

The two probes were mainly concentrated from the 
kidney and bladder, followed by the stomach and small 
intestine, indicating that the probes were cleared through 
the urinary and digestive systems. Secondly, for the 
organs with rich blood supply, such as the heart, liver, 
spleen, and lung, the uptake of the two probes decreased 
gradually due to the effect of blood clearance. Skeletal 
muscle and bone showed lower uptake of the probes. 
With the extension of time, after injection of Lip-99mTc-
HYNIC-ASON, the radioactivity in the kidney decreased 
rapidly, from (6.25 ± 1.31) % to (2.63 ± 0.55) %, while the 
radioactivity in the tumor decreased slowly in 6 h, from 
(1.73 ± 0.13) % to (0.58 ± 0.1) %. The results suggested 
that the Lip-99mTc-HYNIC-ASON can be specifically 
aggregated in the tumor, which were also confirmed by 
the ratio of tumor to non-tumor (T/NT) of Lip-99mTc-
HYNIC-ASON (Fig. 5).

SPECT imaging
The static images were obtained within 8 h after injec-
tion. The tumor could be clearly shown after injection of 
Lip-99mTc-HYNIC- ASON, and the best acquisition time 
was at 2 h.In contrast, the tumor was not shown within 
8 hours in mismatched and blocking group (Fig.  6). At 
the same time, we injected the non-transfected probe for 

comparison, the tumor was shown within 8 h, however 
the T/M (Tumor/Muscle) ratio in non-transfected group 
(2.5%) was significantly lower than that in the liposome 
transfected group (4.8%) (Fig.  7), which was consistent 
with the results of cellular uptake experiment. And mis-
matched group also had a lower T/M (Tumor/Muscle) 
ratio when compared with liposome transfected group.

Discussion
With the successful application of antisense imaging 
combined with radionuclide tracer technique, precise 
tracking method at the molecular level is used for tumor 
localization and therapy. In the present study, we suc-
cessfully radiolabeled antisense oligonucleotide probe 
targeting LncRNA HOTAIR to track the expression 
of HOTAIR in glioma cells. We found that, in the labe-
ling experiment, the chemically synthesized probes can 

Table 1 Biodistribution (%ID/g) of Lip-99mTc-HYNIC-ASON in Tumor-Bearing Mice

Each value represents average of 4 mice ± SD

Tissue 1 h 2 h 3 h 4 h 6 h

Heart 1.68 ± 0.38 1.73 ± 0.33 1.32 ± 0.1 0.82 ± 0.15 0.59 ± 0.21
Blood 1.37 ± 0.5 0.81 ± 0.58 0.56 ± 0.4 0.66 ± 0.17 0.18 ± 0.27
Liver 1.22 ± 0.42 1.28 ± 0.52 0.83 ± 0.32 0.88 ± 0.08 0.61 ± 0.29
Spleen 0.61 ± 0.05 0.45 ± 0.05 0.38 ± 0.14 0.29 ± 0.04 0.21 ± 0.04
Lung 1.5 ± 0.24 1.37 ± 0.35 1.01 ± 0.37 0.58 ± 0.08 0.37 ± 0.22
Kidney 6.25 ± 1.31 5.36 ± 1 5.38 ± 1.52 3.95 ± 0.67 2.63 ± 0.55
Stomach 2.3 ± 1.29 2.86 ± 0.46 2.7 ± 0.57 1.46 ± 0.14 1.31 ± 0.43
Small intestine 3.43 ± 0.82 3.17 ± 0.35 3.06 ± 0.82 2.21 ± 0.66 2.14 ± 0.67
bladder 11.89 ± 0.9 11.7 ± 0.75 9.81 ± 1.62 9.12 ± 1.66 8.75 ± 0.95
Skeletal muscle 0.81 ± 0.06 1.73 ± 0.23 2.68 ± 2.35 1.01 ± 0.48 1.76 ± 2.37
Bone 0.63 ± 0.32 1.96 ± 1.53 0.46 ± 0.32 0.87 ± 0.6 0.66 ± 0.6
Tumor 1.73 ± 0.13 1.22 ± 0.1 1.06 ± 0.22 0.82 ± 0.22 0.58 ± 0.1

Table 2 Biodistribution (%ID/g) of Lip-99mTc-HYNIC-ASONM in 
Tumor-Bearing Mice

Each value represents average of 4 mice ± SD

Tissue 2 h 4 h

Heart 0.31 ± 0.13 0.35 ± 0.16
Blood 0.03 ± 0.01 0.06 ± 0.04
Liver 0.52 ± 0.25 0.6 ± 0.13
Spleen 0.19 ± 0.1 0.31 ± 0.07
Lung 0.43 ± 0.38 0.54 ± 0.14
Kidney 3.21 ± 0.54 2.73 ± 0.48
Stomach 0.42 ± 0.18 0.64 ± 0.19
Small intestine 0.21 ± 0.1 0.22 ± 0.13
bladder 2.62 ± 3.82 1.26 ± 0.77
Skeletal muscle 0.2 ± 0.13 0.45 ± 0.13
Bone 0.31 ± 0.14 0.3 ± 0.19
Tumor 0.43 ± 0.28 0.3 ± 0.1
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successfully connect with 99mTc and obtain a higher labe-
ling rate; At the cellular level, liposomes can effectively 
carry the probes to tumor cells; From imaging results, the 
tumors were clearly imaged within 8 h after injection of 
antisense probe. While, the tumors were not apparent at 
any time after injection of the mismatched probe.

In this study, we changed the ratio of HYNIC to ASON 
(25:1) and replaced the buffer solution (2 mol/L NaCl, 
0.5 mol/L  NaHCO3, 2 mmol/L EDTA) that dissolved 
ASON (Antisense oligonucleotide) to improve the labe-
ling rate. The effect is obvious. The labeling rate of the 
antisense probe and mismatched probe were both more 
than 90%, but the radiochemical purity is lower than that 
of other literature [19, 20].

One of the main factors affecting the binding of anti-
sense probe is the low uptake rate of antisense oligo-
nucleotide (ASON) probe in tumor cells [21]. Thus, 
we chose liposome as the carrier. As a cationic carrier, 
liposomes bind to anionic oligomers by simple charge 
attraction, which makes lipophilic oligonucleotides easily 
pass through the cell membrane. Therefore, the increase 
of antisense oligonucleotides can be observed in cells 
[22].

In this study, we compared liposome-transfected and 
non-transfected antisense probes, the results showed 
that the highest uptake rate of Lip-99mTc-HYNIC-
ASON in tumor cells was 3.2%, while that of non-trans-
fected probes was only 1.2%. It shows that the liposome 
can effectively carry the probe into the cell. At the same 
time, the transfer of liposomes on the cell membrane is 
not a one-way street, because the mismatched probes 
encapsulated by liposomes do not bind specifically and 

do not accumulate a large amount of radioactivity in the 
cells can explain this problem. According to the biolog-
ical distribution study, Lip-99mTc-HYNIC- ASON has 
clearly accumulated in the tumor, meanwhile, the most 
radioactivity is accumulated in the kidney and bladder, 
indicating that the probe is mainly excreted through 
the urinary and digestive system. However, there is not 
much radioactivity accumulation in the liver, which is 
different from other reports that the liver has the high-
est radioactivity uptake in all organs [12, 13, 20, 23]. 
The reason might be that the molecular of Lip-99mTc-
HYNIC-ASON probe is small and does not need to be 
digested by macrophages when passing through the 
liver, hence, the radiolabeled antisense probe we devel-
oped caused a short retention time and mild potential 
toxicity to the liver.

In the imaging experiment, in the antisense group of 
liposome transfection, the tumor was clearly visible, and 
there was a lot of radioactivity in the abdomen and blad-
der, which was consistent with the biological distribution. 
No tumor was found in the blocking group within 8 h, 
indicating that this antisense oligonucleotide sequence 
targeting HOTAIR is highly specific, which can block 
the binding of 99mTc-HYNIC-ASON to HOTAIR. The 
fact that there is no imaging in the mismatch group also 
shows the specificity of the antisense probe. Secondly, 
although the non-transfected antisense probe is also 
clustered in the tumor site, the T/M ratio of the non-
transfected antisense probe is significantly lower than 
that of the transfected antisense probe, indicating the 
importance of liposomes in imaging.

Fig. 5 T/NT (Tumor/Non tumor tissues) ratio of Lip-99mTc-HYNIC-ASON in different tissues of glioma nude bearing mice xenografts at 1 h, 2 h, 3 h, 
4 h, and 6 h after injection. (ASON: Antisense oligonucleotide)



Page 8 of 10Ren et al. BMC Cancer           (2022) 22:79 

In summary, these results demonstrated that 99mTc-
HYNIC-ASON can be successfully synthesized and used 
for glioma-specific imaging via transfected with lipo-
fectamine. However, there are still some deficiencies and 
problems in this study that need to be addressed in future 
investigations. First of all, by changing the volume of 
the reaction solution, the concentration of  SnCl2 ·2H2O 
as well as the reaction time, the radiochemical purity of 
the probes was still lower than that of other experiments 
(more than 98%). We will make further experiments, 
such as changing the reaction temperature and reac-
tion concentration to improve the radiochemical purity. 

Secondly, the high uptake of radioactive probes by the 
bladder and kidney will blur the display of the tumor and 
affect the image quality. Furosemide, as a highly effective 
diuretic, has a strong diuretic effect and can quickly and 
briefly dilate renal blood vessels. Therefore, the applica-
tion of furosemide may help to accelerate radioactive 
excretion and make the tumor develop more clearly. 
Third, high uptake of stomach and small intestine can 
cause radiation damage to tissue and lead to dysfunction. 
We speculate that the use of paroles is helpful to reduce 
high uptake and mucosal radiation damage.

Fig. 6 SPECT Imaging at 1 h, 2 h, 4 h, 6 h and 8 h after injected to glioma nude bearing mice models. a: Lip-99mTc-HYNIC-ASON; b: 
99mTc-HYNIC-ASON c: Lip-99mTc-HYNIC-ASONM; d: Blocked; e: Tc-control. Tumor (arrow) was clearly visualized after injection of 
Lip-99mTc-HYNIC-ASON, meanwhile, the tumor could seen after injection of 99mTc-HYNIC-ASON, while tumor were not imaged at any time in 
mismatched、Blocked as well as Tc-control group. (ASON: Antisense oligonucleotide)
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Conclusion
The liposome coated 99mTc-HYNIC-ASON probe can be 
used for real-time imaging of LncRNA HOTAIR expres-
sion in malignant gliomas in  vivo. The probe has good 
stability and targeting ability, which is a new type of non-
invasive probe.

Abbreviations
LncRNA: Long non-coding RNA; ASON: Antisense oligonucleotide; ASONM: 
Mismatched antisense oligonucleotide; ITLC: Instant thin-layer chromatogra-
phy; T/NT ratio: Tumor / non-tumor ratio; T/M ratio: Tumor /muscle ratio; T/A 
ratio: Tumor /Abdomen ratio.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12885- 022- 09170-7.

Additional file 1 : Supplementary Fig 1. Full-length of gel.

Acknowledgements
We thank He Yong and Li Chongjiao from the people’s Hospital of Wuhan Uni-
versity for their help. This study was supported by the National Natural Science 
Foundation of China (NSFC 81560292).

Authors’ contributions
QZ designed the experiment. Material preparation, data collection were 
performed by JYR, XYZ, JC, JLT, JL, YPY. Analysis were performed by QZ, JYR, 
FKW. The first draft of the manuscript was written by JYR. Final approval of the 
version to be published was performed by QZ, and all authors commented on 
previous versions of the manuscript. All authors read and approved the final 
manuscript.

Funding
This study was supported by the National Natural Science Foundation of 
China (NSFC 81560292). The funders had no role in study design, data collec-
tion and analysis, decision to publish, or preparation of the manuscript.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article [and its supplementary information files].

Declarations

Ethics approval and consent to participate
Approval for animal experiments
BALB/c nu/nu mice (female, weight ± SD, 20±6 g, age 3 ~ 4wk) were 
purchased and fed in the Experimental Animal Center of Ningxia Medical 
University. All animal experiments have passed the ethical review of the 
Animal Experimental Center of Ningxia Medical University and are conducted 
in accordance with the guidelines of the Animal Welfare Committee. All the 
experimenters follow the ARRIVE guidelines. The experimental operation 
is described in detail in the method section of the article. All animals were 
euthanized by cervical dislocation.

Fig. 7 T/M (Tumor/Muscle) ratio of antisense probes with or without tranfection; T/M (Tumor/Muscle) ratio of liposome transfected antisense 
probes and mismatched probes. At all time, ratio of T/M of Lip-99mTc-HYNIC-ASON is significantly higher than non-transfection groups and 
mismatched groups. (ASON: Antisense oligonucleotide) 

https://doi.org/10.1186/s12885-022-09170-7
https://doi.org/10.1186/s12885-022-09170-7


Page 10 of 10Ren et al. BMC Cancer           (2022) 22:79 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Human Subjects
The human serum came from volunteers, and all the volunteers obtained 
verbal consent. The study was approved by the review committee and the 
ethics committee of the General Hospital of Ningxia Medical University. All 
experiments involving humans are carried out in accordance with the Helsinki 
Declaration.

Consent for publication
Not applicable.

Competing interests
There are no conflicts of interest to disclose to this article.

Author details
1 Department of Nuclear Medicine, General Hospital of Ningxia Medical 
University, Yinchuan 750004, China. 2 Graduate School of Ningxia Medical 
University, Yinchuan 750004, China. 3 XiangYa School of Medicine, CSU, Chang-
sha 410006, China. 

Received: 8 May 2021   Accepted: 31 December 2021

References
 1. Li D, Patel CB, Xu G, Iagaru A, Zhu Z, Zhang L, et al. Visualization of diag-

nostic and therapeutic targets in glioma with molecular imaging. Front 
Immunol. 2020;11:592389.

 2. Zhang L, He A, Chen B, Bi J, Chen J, Guo D, et al. A HOTAIR regula-
tory element modulates glioma cell sensitivity to temozolomide 
through long-range regulation of multiple target genes. Genome Res. 
2020;30(2):155–63.

 3. Shi J, Lv S, Wu M, Wang X, Deng Y, Li Y, et al. HOTAIR-EZH2 inhibitor 
AC1Q3QWB upregulates CWF19L1 and enhances cell cycle inhibi-
tion of CDK4/6 inhibitor palbociclib in glioma. Clin Transl Med. 
2020;10(1):182–98.

 4. Zhang J, Chen G, Gao Y, Liang H. HOTAIR/miR-125 axis-mediated hexoki-
nase 2 expression promotes chemoresistance in human glioblastoma. J 
Cell Mol Med. 2020;24(10):5707–17.

 5. Wu L, Shi Y, Liu B, Zhao M. Expression of lncRNA-HOTAIR in the serum of 
patients with lymph node metastasis of papillary thyroid carcinoma and 
its impact. Oncol Lett. 2020;20(1):907–13.

 6. Zhang X, Sun S, Pu JK, Tsang AC, Lee D, Man VO, et al. Long non-coding 
RNA expression profiles predict clinical phenotypes in glioma. Neurobiol 
Dis. 2012;48(1):1–8.

 7. Sun G, Wang Y, Zhang J, Lin N, You Y. MiR-15b/HOTAIR/p53 form a 
regulatory loop that affects the growth of glioma cells. J Cell Biochem. 
2018;119(6):4540–7.

 8. Li Y, Ren Y, Wang Y, Tan Y, Wang Q, Cai J, et al. A compound AC1Q3QWB 
selectively disrupts HOTAIR-mediated recruitment of PRC2 and enhances 
cancer therapy of DZNep. Theranostics. 2019;9(16):4608–23.

 9. Yuan C, Ning Y, Pan Y. Emerging roles of HOTAIR in human cancer. J Cell 
Biochem. 2020;121(5–6):3235–47.

 10. Qu X, Alsager S, Zhuo Y, Shan B. HOX transcript antisense RNA (HOTAIR) in 
cancer. Cancer Lett. 2019;454:90–7.

 11. Tan SK, Pastori C, Penas C, Komotar RJ, Ivan ME, Wahlestedt C, et al. Serum 
long noncoding RNA HOTAIR as a novel diagnostic and prognostic 
biomarker in glioblastoma multiforme. Mol Cancer. 2018;17(1):74.

 12. Zhao X, Wang N, Ren X, Zhang J, Wang J, Han J, et al. Preparation and 
evaluation of (99m)Tc-epidermal growth factor receptor (EGFR)-peptide 
nucleic acid for visualization of EGFR messenger RNA expression in malig-
nant tumors. J Nucl Med. 2014;55(6):1008–16.

 13. Fu P, Shen B, Zhao C, Tian G. Molecular imaging of MDM2 messenger RNA 
with 99mTc-labeled antisense oligonucleotides in experimental human 
breast cancer xenografts. J Nucl Med. 2010;51(11):1805–12.

 14. Southwell AL, Skotte NH, Bennett CF, Hayden MR. Antisense oligonucleo-
tide therapeutics for inherited neurodegenerative diseases. Trends Mol 
Med. 2012;18(11):634–43.

 15. Niu C, Prakash TP, Kim A, Quach JL, Huryn LA, Yang Y, et al. Antisense 
oligonucleotides targeting mutant Ataxin-7 restore visual function 

in a mouse model of spinocerebellar ataxia type 7. Sci Transl Med. 
2018;10:eaap8677.

 16. Yu RZ, Geary RS, Monteith DK, Matson J, Truong L, Fitchett J, et al. Tissue 
disposition of 2′-O-(2-methoxy) ethyl modified antisense oligonucleo-
tides in monkeys. J Pharm Sci. 2004;93(1):48–59.

 17. Fattal E, Bochot A. State of the art and perspectives for the delivery of 
antisense oligonucleotides and siRNA by polymeric nanocarriers. Int J 
Pharm. 2008;364(2):237–48.

 18. Kim BS, Naito M, Chaya H, Hori M, Hayashi K, Min HS, et al. Noncovalent 
stabilization of vesicular polyion complexes with chemically modified/
single-stranded oligonucleotides and PEG-b-guanidinylated polypep-
tides for Intracavity encapsulation of effector enzymes aimed at coopera-
tive gene knockdown. Biomacromolecules. 2020;21(10):4365–76.

 19. Jiang Y, Gai Y, Long Y, Liu Q, Liu C, Zhang Y, et al. Application and evalua-
tion of [99mTc]-labeled peptide nucleic acid targeting MicroRNA-155 in 
breast cancer imaging. Mol Imaging. 2020;19:1–10.

 20. Fu P, Tian L, Cao X, Li L, Xu P, Zhao C. Imaging CXCR4 expression with 
(99m)Tc-radiolabeled small-interference RNA in experimental human 
breast cancer xenografts. Mol Imaging Biol. 2016;18(3):353–9.

 21. Zhang HL, Wang P, Lu MZ, Zhang SD, Zheng L. c-Myc maintains the 
self-renewal and chemoresistance properties of colon cancer stem cells. 
Oncol Lett. 2019;17(5):4487–93.

 22. Zheng JG, Tan TZ. Antisense imaging of colon cancer-bearing nude mice 
with liposome-entrapped 99m-technetium-labeled antisense oligonu-
cleotides of c-myc mRNA. World J Gastroenterol. 2004;10(17):2563–6.

 23. Jia F, Figueroa SD, Gallazzi F, Balaji BS, Hannink M, Lever SZ, et al. Molecu-
lar imaging of bcl-2 expression in small lymphocytic lymphoma using 
111In-labeled PNA-peptide conjugates. J Nucl Med. 2008;49(3):430–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Radiosynthesis of a novel antisense imaging probe targeting LncRNA HOTAIR in malignant glioma
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Materials and methods
	Synthesis and labeling of the probe
	Serum stability
	Agarose gel electrophoresis
	Cell culture and transfection
	Cellular uptake
	Animal xenograft model
	Biodistribution studies
	SPECT imaging
	Statistical analysis

	Results
	Synthesis and labeling of the probe
	Radioactivity counts and nucleic acid concentration
	Serum stability and agarose gel electrophoresis
	Cellular uptake
	Biodistribution studies
	SPECT imaging

	Discussion
	Conclusion
	Acknowledgements
	References


