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Purpose: The expression of Cbp/p300-interacting transactivator with Glu/Asp-rich carboxy-
terminal domain 1 (CITED1) is upregulated in papillary thyroid carcinoma (PTC) and
mediates cell proliferation and migration. To facilitate early diagnosis and monitoring of
recurrent or metastatic PTC, we designed '”’Lu-labeled antisense peptide nucleic acid (PNA)
targeting CITED1 mRNA to evaluate the therapeutic potential, while analyzing its distribu-
tion in nude mice and the characteristics withsingle-photon emission-computed tomography/
computed tomography (SPECT/CT) imaging.

Materials and Methods: '"’Lu-DOTA-anti-CITED1-PNA ('"’Lu-asPNA) was obtained by
indirect labeling. High-performance liquid chromatography (HPLC) and thin-layer chromato-
graphy (TLC) were used to determine the labeling rate and radiochemical purity. The stability of
77Lu-asPNA was evaluated by TLC, and the radioactivity count was measured by a y counter to
calculate its uptake capacity in K1 cells. To analyze the distribution of '7’Lu-asPNA in body
tissues and organs of nude mice, static single-photon emission-computed tomography (SPECT)
imaging and SPECT/CT image fusion were performed. Then, the therapeutic effects of probes
were explored by tumor growth curves and survival analysis.

Results: Our probe showed a radiochemical purity of 96.5+0.15% at 1 hr and specific
activity of 8.7+£0.53 MBg/ug. The uptake rate in the !”’Lu-asPNA group was much higher
than that in the '"’Lu-DOTA-nonsense-PNA ('”’Lu-nonsense-PNA) and '"’Lu-DOTA
groups (P<0.05). The biological distribution showed that the tumor/muscle ratio was at its
highest at 24 h (4.98+0.34) post-inoculation, with SPECT/CT imaging showing clear tumor
development. By measuring tumor volume of tumor-bearing nude mice, the '’’Lu-asPNA
group showed a significant difference in tumor size 9 days after injection (P < 0.05). Kaplan-
Meier survival curves showed that the overall survival rate in the '”"Lu-asPNA group was
significantly different from those in the DOTA-anti-CITEDI-PNA (asPNA) and saline
groups (P = 0.002, log-rank test).

Conclusion: '""Lu-asPNA was developed successfully, showing a high labeling rate and
good stability. SPECT/CT imaging demonstrated tumor growth in nude mice, which was
effectively inhibited by our probe, thus prolonging survival.

Keywords: antisense therapy, SPECT/CT imaging, papillary thyroid carcinoma, diagnosis

and treatment integration

Introduction

Papillary thyroid carcinoma (PTC) constitutes almost 80% of all pathological cases of
thyroid cancer.! Although the prognosis is generally good, it has been reported that
25% of the subjects will ultimately experience lymph node metastasis and
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postoperative recurrence,” with some dying due to disease
progression.4 Currently, fine-needle aspiration biopsy
(FNAB) is recommended for the diagnosis of thyroid
nodules, with the routine treatment being surgery and radio-
active iodine. However, due to limitations associated with the
puncture site and biopsy collection method, about 20% of the
thyroid nodules cannot be clearly diagnosed.>” In addition,
some patients exhibit degenerative changes in tumor cells
and function during the disease course, reducing the benefits
conferred by B treatment.®? Therefore, a non-invasive,
specific diagnostic method combined with an effective mole-
cular marker for targeted therapy is required for PTC.

At present, the sensitivity and specificity of preopera-
tive genetic screening for thyroid cancer molecular mar-
kers (such as classic BRAFY®"’) in predicting PTC are
about 70% and 80%, respectively, making it difficult to
accurately predict the malignancy and prognosis.'®"
Preclinical studies have demonstrated that the expression
of Cbp/p300-interacting transactivator with Glu/Asp-rich
carboxy-terminal domain 1 (CITEDI) in PTC was signifi-

d,'*"* thus promoting PTC cell prolif-

cantly up-regulate
eration, migration, and invasion.'* In recent years, the
rapid development of molecular imaging and radiophar-
maceuticals has led to the establishment of anti-gene ther-
apy as a viable therapeutic strategy.'® Peptide nucleic acid
(PNA) was developed from oligonucleotides (ODN),
which can block the function of RNA polymerase structu-
rally and thus interferes with gene transcription and down-
regulates the expression of target genes.'® Compared to
ODN, PNA has the characteristics of easy absorption,
strong specificity and high stability, which may facilitate
the treatment of tumors and blood diseases. Therefore,
blocking CITEDI1 expression by an antisense PNA
(asPNA) binding CITED]I mRNA may be one of the
effective methods for the diagnosis and treatment of iodine
resistance to PTC."” However, in addition to using chemi-
cally modified PNA, radionuclide-coupled PNA also can
enhance its lethality to some extent through synergistic
effects.'®!?

Studies have been reported PNA labeled with **™Tc for
imaging endogenous gene expression in breast cancer,
showing the broad prospect of combining peptide nucleic
acids with nuclides in the diagnosis of diseases by tumor
imaging.*° Considering the unique properties of PNA,
including resistance to enzymatic digestion, inhibition of
gene expression of interest appears to be an effective
method of cancer treatment.?' Different from 9ngc, 7Lu
is a long half-life (6.7d) nuclide that can simultaneously

emit B-particles and y-rays for targeted radionuclide therapy
(TRT) and single-photon emission computed tomography
(SPECT).*? For patients who are not susceptible to conven-
tional 131-iodine therapy or who have distant metastases,
"77Lu may constitute a good alternative nuclide for the
treatment of iodine-insensitive PTC. Due to the pro-
neoplasticity and micro-penetration of '"’Lu, it can be
used to detect tumors in patients with iodine insensitivity
and inflicts radiation damage on tumors without damaging
healthy bone marrow tissue.”® In this study, '’’Lu-labeled
antisense PNA was used to block the expression of CITEDI
in K1 cells and a PTC xenograft model compatible with
SPECT/CT imaging was used to evaluate its therapeutic
potential.

Materials and Methods
Cell Culture and Establishment of Nude

Mouse Model
K1 Cells were purchased from the Cell Bank at Shanghai
Institute of Cell Biology, Chinese Academy of Science
(Shanghai, China). K1 Cells were grown in Dulbecco’s
modified eagle medium (DMEM) supplemented with 10%
fetal bovine serum (FBS) (both from Gibco, Thermo
Fisher Scientific, Waltham, MA, USA) at 37°C in humi-
dified atmosphere containing 5% CO,, cells in the loga-
rithmic phase of growth were used for all experiments.
All animal experiments have been approved by the
Guidelines of Chongging medical University Biomedical
Ethics Committee (Ethics number 2019-190). K1 cells (5
x 10° 100 pL) were inoculated subcutaneously into the
right forelimb of female nude mice, the animals were used
for Biodistribution and SPECT/CT imaging studies when
the tumor volume reached >1 cm>. At the same time, when
the volume of tumors is larger than 0.05 cm®, the efficacy
evaluation experiment is performed.

Radiolabeling, Radiochemical Purity and

Stability Test

PNA (CITEDI (NC _000023.11) sequence:5-TAGTGCAG
AA-3") was synthesized by Beijing Saibaisheng Gene
Technology Co., Ltd. PNA was labeled by '"’Lu according to
previous studies.'® In brief, 185 MBq of '""Lu in 50 pL of
ammonium acetate (0.2 mmol/L, pH = 5.0), containing
approximately 1 mg/mL of gentisic acid and 0.1% Tween-80
was added to 50 pL asPNA/nonsense-PNA (20 pg). The reac-
tion mixture was incubated at 90°C for 30 min, with contin-
uous mixing. The reaction was stopped by adding 10 mmol/L
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diethylenetriamine pentaacetic acid (DTPA; pH = 6) and thor-
oughly mixed by incubating for 5 min at room temperature. To
increase the labeling rate of the metal ion '""Lu, the solvent
used was prepared with ultrapure water (18.2 MQ.cm, 25°C)
and deionized using Chelex-100. The Radiolabeling method of
""Lu-DOTA as fellow: 37 MBq of '""Lu in 50 pL of sodium
acetate (30 mmol/L, pH = 5.0) was incubated with 1 mg of
DOTA at 90°C for 30 min.

The labeling rate and radiochemical purity were deter-
mined as follows. Thin-layer chromatography (TLC)
plates were developed with saline and acetone (Volume
ratio 1:1), and radio-TLC detection was done using an AR-
2000 TLC imaging scanner (Bioscan, Washington DC,
USA). High-performance liquid chromatography (HPLC)
was performed on a C-18 chromatographic column
(4.6 mm x 250 mm; Waters, Milford, MA, USA) using
a UV detector (A260 nm; flow rate, 1 mL/min). Solvent
A was a 0.1% trifluoroacetic acid (TFA)/H,O solution and
solvent B was a 0.1% TFA/acetonitrile solution. The elu-
tion gradient was 0~50% (30 min). The labeling rate and
radiochemical purity of '”"Lu-asPNA and '"’Lu-nonsense-
PNA were determined by TLC and HPLC, and '"’Lu-
DOTA’s was determined by TLC.

The purified probes were tested for stability at room
temperature, and in human serum, at 1, 4, 12, 24, and 48
hrs. Specific activity (MBq/ug) was calculated according
to the following formula: ['""Lu total radioactivity (MBq)
x labeling rate (%)]/asPNA mass (ug).

In vitro Uptake and Retention Assay

For the uptake experiments, probes are divided into '"’Lu-
asPNA targeted to CITEDI, '"’"Lu-nonsense-PNA whose
sequences are non-homologous with CITED! in Basic
Local Alignment Search Tool (Blast), and '""Lu-DOTA
as blank control. K1 cells were seeded at 6 x 10° cells/
well in 6-well plates (5 wells/group). When K1 cells were
in logarithmic growth, 30 pL of '""Lu-asPNA, '""Lu-
nonsense-PNA and '""Lu-DOTA was added, respectively,
followed by culture for 2, 4, 6, or 8 hrs. The top layer of
liquid was collected into test tubes; cells were digested and
precipitants were collected. The formula for cellular
uptake (%) is as follows: precipitation/(supernatant +
precipitation).

For retention studies, 30 uL of three probes mentioned
above was added to each well with K1 cells, followed by
culture for 6 hrs in an incubator. Culture media was
replaced, cells were placed back into the incubator, and
culture was continued for 2, 4, 6, and 8 hrs to collect

supernatants and precipitants. The radioactivity of K1 cells
was calculated using a y-counter (Capintec, Ramsey, NJ,
USA). The formula for cellular retention (%) is as follows:
precipitation/(supernatant + precipitation).

Biodistribution Studies

Nude mice were randomly divided into four groups
according to sacrifice time (n = 3/group). Each mouse
was injected with 100 pL '"’Lu-asPNA (1.85 MBq) via
the tail vein. Mice were sacrificed at 4, 12, 24, and 48 hrs,
and blood, tumors, and heart, liver, spleen, lung, kidney,
stomach, intestine, brain, bone, and muscle tissues were
weighed and evaluated using the y-counter. The percentage
of injected dose per gram of tissue (%ID/g) was calculated
as follows: %ID/g = tissue radioactivity count/(radioactiv-
ity count of injected drug x tissue mass) x 100%.

SPECT/CT Imaging

Nude mice were injected with 100 pL of '”’Lu-asPNA (37
MBq) and placed in the prone position on a rat plate. Dual-
probe SPECT/CT imaging (SPECT/CT Symbia T2;
Siemens, Germany) was performed at 4, 12, 24, 48 hrs
after drug administration. The target/non-target (T/NT)
value was calculated based on the region of interest
(ROI) and SPECT/CT image fusion was done when the
tumor image was most clear. The SPECT acquisition con-
ditions were as follows: high-energy collimation; energy
peaks of 113 and 208 keV; and matrix is 256 x 256. Scans
were acquired over a 10-min period.

Therapeutic Evaluation

Mice with tumors larger than 0.05 cm?® were randomly
divided into three groups (n = 5). Every 4 days, 100 uL
""Lu-asPNA (11.1 MBgq/5 pg), asPNA (5 pg) or 0.9%
saline was injected into the tail vein three times depending
on the group assignment. Following the injections, the
growth status, body weight, and tumor size of the three
groups were observed at the same time every day. The effect
of '7"Lu-asPNA on tumor-bearing mice was observed con-
tinuously for 45 days. Tumor size was calculated by the
following formula: a x b%2, where a is the long diameter
of the tumor and b is the short diameter of the tumor.

Statistical Methods

All experimental data were analyzed using the statistical
software SPSS 22.0 (IBM Corp., Armonk, NY, USA), and
each experiment was repeated 3 times independently. The
measurement data were expressed by X+S, a Student’s
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t-test was used for the comparison of two sample means,
the comparison between the mean of multiple groups was
analyzed by one-way ANOVA, repeated measurement var-
iance analysis was used to compare tumor growth curves,
and nonparametric logarithmic rank (Log-rank) test was
used to compare the distribution of two or more survival
curves, a value of P < 0.05 was considered significant.

Results
Radiolabeling, Radiochemical Purity and
Stability Test

PNA was labeled successfully with '7"Lu using an indirect
labeling method. Figure 1A shows the chemical formula for
DOTA-anti-CITED1-PNA. The TLC data showed that the Rf
value of '"’Lu-asPNA (Figure 1B) and '”’Lu-nonsense-PNA
(Figure 1C) ranged from 0.9 to 1.0, while the Rf value of

purity of '”’Lu-asPNA (Figure 1E) and '""Lu-nonsense-PNA
(Figure 1F) was 96.5 + 0.15% and 95.8 + 0.57% according to
HPLC. Due to the close linkage between metal and chelating
agent marking and high marking rate. Due to the close bind-
ing of metal and chelating agent, the labeling rate of '’"Lu-
DOTA was >98%, so HPLC was not used to detect the
radiochemical purity.

Figure 2 shows the radiochemical purity of three
groups of probes after storage at room temperature and
serum at different time points. The labeling rate of '’ "Lu-
asPNA and '"’Lu-nonsense-PNA was above 91% at both
room temperature and in human serum, indicating that
both probes have good stability in vivo and in vitro. The
radiochemical purity of '"’Lu-DOTA has been lower than
90% at 48 hrs, which may be related to the absence of the
radiation protection agent gentisic acid during the labeling

""Lu-DOTA (Figure 1D) is around 0.8. The radiochemical  process.
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Figure | (A) the chemical formula for DOTA-anti-CITED I-PNA (asPNA; MW: 3452.4). The TLC data of '7’Lu-asPNA (B), '”’Lu-nonsense-PNA (C) and '”’Lu-DOTA (D);
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Figure 2 The room temperature and serum stability test of '’’Lu-asPNA (A, B), '”’Lu-nonsense-PNA (C, D) and '"’Lu-DOTA (E, F); specific radiochemical purity values

for |, 4, 12, 24, and 48 hrs are given here.

In vitro Uptake and Retention Assay

As shown in Figure 3A, the '7"Lu-asPNA and '”’Lu-nonsense
-PNA gradually increased within the first 6 hrs, with peak
uptake rates at 6 hrs of 8.59 + 0.62% and 3.32 + 0.22%,

respectively. The uptake rate of the '""Lu-asPNA group at
each time point was significantly higher than that of the '""Lu-
nonsense-PNA(P<0.01) and '""Lu-DOTA groups at all time
points (P<0.001).
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Figure 3 In vitro analysis of uptake (A) and retention (B) levels in K| cells after treatment with '7’Lu-asPNA, '"’Lu-nonsense-PNA and '7’Lu-DOTA, respectively, at 2, 4, 6,

and 8 hrs. #P<0.01, ¥*P<0,001, **P<0.0001, compared with '”’Lu-asPNA group.

Cell retention experiments (Figure 3B) demonstrated
that '""Lu-asPNA and '"’Lu-nonsense-PNA undergo rapid
removal between 0 and 2 hrs, followed by a slow decrease in
the retention rate. The removal rate was significantly higher in
the '”’Lu-nonsense-PNA (P<0.01) and '""Lu-DOTA groups
(P<0.0001) than the '""Lu-asPNA group. This indicates that
'7"Lu-asPNA is specifically taken up by K1 cells, and remains
in these cells for an extended period of time.

Biodistribution Studies

Four weeks after injecting K1 cells, a nude mouse model of
PTC was established. The biodistribution data are shown in
Table 1. Radioactivity was high within the tumor tissues,

Table | Biodistribution (%ID/g) of '7’Lu-asPNA in Tumor-

Bearing Nude Mice (n=3)
Tissue 4h 12h 24h 48h
Blood 9.45+1.10 5.76+0.46 | 1.98+0.41 1.77£0.99
Lung 4.21+£0.27 1.86+0.87 | 1.66+0.52 | 1.07+0.41
Heart 3.67+0.82 3.33+£0.25 | 1.53+0.36 | 0.54+0.39
Liver 13.2+1.26 2.42+0.13 | 1.81+0.41 1.53+0.23
Spleen 10.96+1.07 | 4.62+0.58 | 2.07+0.62 | 1.14+0.14
Kidney 13.83£1.46 | 5.96+1.32 | 2.06+0.49 | 0.87+0.41
Stomach 4.92+0.26 2.34+0.42 | 2.05+1.03 | 0.58+0.27
Intestines 4.92+0.45 3.17+1.50 | 3.03+0.87 | 0.85+0.27
Bone 2.58+0.63 1.51£0.55 | 1.03+0.68 | 0.52+0.23
Brain 1.53+0.68 0.42+0.36 | 0.39+0.77 | 0.33+0.59
Muscle 2.13+0.37 1.21£0.69 | 0.99+0.21 | 0.75+0.18
Tumor 5.78+0.87 547+1.03 | 4.93+0.47 | 3.05+0.66
Tumor/Blood 0.61%1.24 0.95+0.97 | 2.49+1.33 | 2.65+0.73
Tumor/Muscle | 2.71+0.28 4.52+0.69 | 4.98+0.34 | 4.06+0.22

liver, spleen, kidney, and blood at 4 hrs after injection. The
liver and kidneys showed the highest radioactivity uptake,
suggesting that these are the major organs involved in radio-
active marker metabolism. No significant radioactive marker
uptake in brain tissue was seen, indicating that the drug could
not cross the blood-brain barrier. Tumor/Blood value showed
aratio of about 2.5 at 24 hrs and 48 hrs. Previously, the ratios
were less than 1 due to the long accumulation of probes in the
blood pool. There was no significant decrease in the tumor
7"Lu-labeled PNA concentration and the Tumor/Muscle
value was highest in the tumor of 4.98 at 24 hrs.

SPECT/CT Imaging

The ability of '""Lu-asPNA to detect K1 xenografts in vivo by
SPECT/CT was also investigated. Prominent uptake of '"Lu-
asPNA was observed in the liver and kidneys, suggesting that
the probes used are mainly excreted through the hepatobiliary
route. Some '’'Lu-asPNA was present in the tumor tissue at 4
hrs, along with a gradual decrease of liver and kidney radio-
activity. Tumor and muscle tissue probe concentrations were
highest at 24 hrs, and the highest T/NT value was 5.11
(Figure 4A). At this timepoint, the SPECT/CT fusion tumor
image was most clear (Figure 4B). At 48 hrs, the probe con-
centration in the tumor had decreased only slightly.

Therapeutic Evaluation

Figure 5A compares tumor size changes over 24 days after
treatment among the groups. A difference in tumor volume
among the groups was noted at 9 days after injection (P <0.05).
Eighteen days after injection, the tumor growth rate and
volume of the '”’Lu-asPNA group was much lower than that
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Figure 5 (A) Comparison of the size of tumor volume within 24 days treatment in '7’Lu-asPNA, asPNA and saline groups. *P<0.05, **P<0.01, **P<0.001, compared with
the group of '"’Lu-asPNA. (B) The comparison of Kaplan-Meier survival curve of three groups of tumor-bearing mice after treatment.

of the asPNA and saline groups. The tumor volume of the
asPNA group was lower than that of the saline group, but
not significantly (P > 0.05). These results show that the
'"7"Lu-asPNA can effectively inhibit tumor growth in nude
mice. Figure 5B shows the survival curve of each treatment
group, with a median survival time of the '"’Lu-asPNA,
asPNA and saline groups as 43 days, 30 days, and 27 days,
respectively. The overall survival rate of the '"’Lu-asPNA
group was significantly higher than that of the asPNA groups

(P =0.002, Log-rank test) and saline groups (P = 0.002, Log-
rank test). Taken together, these results indicate that '""Lu-
asPNA can effectively prolong the survival of tumor-bearing
nude mice.

Discussion

The pathogenesis of iodine-refractory thyroid cancer is
associated with mutations in BRAF and RAS genes, rear-
rangement of RET/PTC and PAX8/PPAR chromosomes,
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and activation of MAPK and PI3K/AKT signaling
pathways.®??* BRAFY*F is the most common type of
mutation, which is thought to be seen only in PTC, but the
detection of BRAFY?°F depends on the accurate location
of thyroid fine needle aspiration.”>*® Prasad et al
confirmed by RT-PCR and immunohistochemistry that
CITEDI1 in PTC was
regulated and could promote the proliferation of thyroid

expression significantly up-
papillary cancer cells by regulating related pathways.?’
Subsequently, several scholars confirmed that the expres-
sion of CITEDI in thyroid papillary carcinoma was much
higher than that in normal thyroid tissue.”**° These indi-
cate that CITEDI has potential application value in differ-
entiating PTC from benign thyroid lesions. In this study,
we showed that '”’Lu-labeled PNA can specifically aggre-
gate in papillary thyroid carcinoma, and can effectively
inhibit tumor growth and prolong the life cycle of nude
mice. We successfully developed a molecular probe with
a labeling rate of 94.7+0.83%, radiochemical purity of
96.5+0.15% at 1 hr, and specific activity of 8.7+0.53
MBq/ug. After incubation at room temperature and in
human serum, the radiochemical purity of the probe
remained above 91% at 48 hrs. The uptake rate of anti-
sense PNA reached a peak of 8.59% at 6 hrs, which was
5.27% higher than that of the nonsense PNA group. The
tumor/muscle radiation count peaked at 4.98 after 24 hrs,
consistent with the T/NT ratio of 5.11 seen at the optimal
timepoint for SPECT/CT imaging. After 18 days of treat-
ment, the average tumor volume of the '’’Lu-asPNA
group was about two-fold smaller than that of the asPNA
and saline groups, and the median survival time of the
77 u-asPNA group was at least 13 days longer than those
of the other two groups.

Since PNA is not negatively charged, there is no electro-
static repulsion between DNA and RNA, PNA is more
effective than ODN in binding to the mRNA of a target
gene.”! Against this background, we designed an anti-
CITED1-PNA that was complementary to the first 10 codons
of the open reading frame of CITED1 mRNA. This probe
stimulates degradation of CITED] mRNA and inhibits
further protein synthesis. In this study, to ensure high water
solubility, we controlled the content of purines in PNA
sequence below 60% and added up to three consecutive
purines in the probe; to increase absorption and stability,
PNA was modified with O-O linkers.'”*%*! We then used
"L u to label PNA with a chelating agent 1,4,7,10- tetraaza-
cyclododecane-N, N’, N, N’-tetraacetic acid (DOTA), the
PNA sequence is combined with DOTA and can be

incorporated into any position of the peptide-PNA coupling
and incorporated into the peptide that mediates cell penetra-
tion and PNA internalization.**** In cell internalization
experiments, the uptake rate of the '’’Lu-nonsense-PNA
group also increased slightly in the cellular uptake and reten-
tion experiments. It may be that '”’Lu-nonsense-PNA has
a certain non-specific binding in K1 cells, which is why the
retention rate of '”’Lu-nonsense-PNA has decreased so
quickly. In addition, after 8 hrs, the uptake of '”’Lu-asPNA
showed a downward trend. Combined with the results of
studies, it was shown that with the short-term decrease in
time, the cellular uptake of PNA tended to rise and I think this
may indicate that the process of PNA uptake by cells is not
a simple process of removing markers from cells, but may be
a gradual process. It can be seen that higher cell uptake rate
and slower cell clearance rate are specific manifestations of
antisense peptide nucleic acid in K1 cells, which support the
conclusion that antisense PNA can be used to modulate the
transcription and translation of tumor genes, and that their
high stability and strong binding affinity make these mole-
cules useful for detecting tumor cells.'®**

Preclinical studies of ®®GA-labeled ODNs for pulmon-
ary malignancies have been designed to target the acti-
vated human K-ras oncogene;>> an increasing number of
prospective studies have begun to apply antisense therapy
using '*°I or '"'In in patients with central nervous system
and cervical cancers.’®® This study once again confirmed
the feasibility of antisense imaging and further explored
the efficacy of antisense therapy using '’’Lu coupling,
which is based on study showed that PNA can be meta-
bolized in cells over several months.>® In vivo probe dis-
tribution and imaging results were consistent with
previous studies reporting PNA aggregation in tumor
sites.*” In nude mice distribution, a high tumor/blood
ratio can be achieved only 24 hrs, due to the continuous
concentration of '”’Lu-asPNA in the blood pool within 12
hrs. This trend of slow elimination from the blood pool is
also visible looking at the heart and muscle activity.
However, we believe that despite the slow metabolism of
the blood pool, the radioactive concentration of the tumor
gradually increases and a high tumor/blood ratio appears
after 24 hrs. This result is consistent with the highest 24-hr
tumor/muscle value, while the optimal time for imaging
was previously reported as 48 hrs, our results indicated
that it was closer to 24 hrs. A significant concentration of
"L u-labeled PNA remained in the tumor at 48 hrs(T/
NT=4.53), indicating continuous tumor development. In
addition, although the probe had a good imaging effect

submit your manuscript

494

Dove

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Li et al

on the tumor, with a T/NT ratio of 5.11, the slow excretion
in the body was also significant, which reduced the con-
trast of the image to some extent. Therefore, in order to
improve the gastrointestinal clearance rate, the available
strategies include replacing the peptide nucleic acids mod-
ified only by O-O linker with neutral hydrophilic serine
and aspartic acid residues. On the other hand, micro-PET
/CT with higher resolution and sensitivity or using kidney
blockers is also feasible.

At present, PTC is treated by a combination of surgical
resection of the lesion, 1311 radiation for removal of residual
thyroid, and inhibition of thyroid-stimulating hormone
(TSH).* However, some patients exhibited de-differentiation
during "*'I treatment, with the cells exhibiting progressive
degeneration in morphology and function. Studies have
shown that '*'I radiation can reduce the iodine uptake capacity
of PTC cells, but decrease the mRNA and protein expression
of sodium/iodide symporter (NIS) transporters.*' '""Lu has
a half-life similar to *'I and is also compatible with SPECT
and TRT, thus solving the problem of insufficient iodine
uptake by PTC cells; moreover, it could likely be applied to
other tumors in the future. Based on our results, the use of
'7"Lu-labeled PNA could pave the way to a new approach for
diagnosing and treating iodine-refractory thyroid cancer.
'7"Lu-labeled PNA had a positive effect with respect to inhi-
biting tumor volume and extending the life of nude mice; mice
survived at a 38% and 36% higher rate than the other two
groups, respectively. Our results were consistent with Boffa
and colleagues, who used PNA to down-regulate c-myc in the
treatment of cancer, thus suggesting the high potential of PNA
for cancer therapy.*?

In conclusion, we successfully targeted CITED1 mRNA
with '""Lu-labeled antisense PNA, achieving a high label-
ing rate and stability. Moreover, we confirmed that PNA
specifically accumulates in tumors, to inhibit the growth
thereof and thus prolong the life cycle of nude mice. This
suggests a possible alternative diagnostic and treatment
modality for PTC patients, which may be especially useful
for those showing no increase in iodine sensitivity after
multiple treatments.
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