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ARTICLE INFO ABSTRACT

Keywords: L-ascorbic acid (AA) was reported to have an anti-cancer effect over 40 years. In recent years, several ongoing
L-ascorbic acid clinical trials are exploring the safety and efficacy of intravenous high-dose AA for cancer treatment. The lack
SV(?TZ o of appropriate imaging modality limits the identification of potentially suitable patients for AA treatment. This
F;;lg:: emission tomography study focuses on identifying AA-sensitive tumor cells using molecular imaging. 6-Deoxy-6-['8F] fluoro-L-ascorbic

Acid (*8F-DFA), a structural analog of AA, was synthesized and labeled to visualize the metabolism of AA in vivo.
Colorectal cancer (CRC) cell lines with high and low expression of sodium-dependent vitamin C transporters 2
(SVCT2) were used for a series of cellular uptake tests. PET imaging was performed on xenograft tumor-bearing
mice. More AA uptake was observed in CRC cells with high SVCT2 expression than in cells with low SVCT2
expression. The substrate (unlabeled AA) can competitively inhibit the !8F-DFA tracer uptake by CRC cells. The
biodistribution of ®F-DFA in mice showed high radioactivity was seen in organs such as adrenal glands, kidneys,
and liver that were known to have high concentrations of AA. Both PET imaging and tissue distribution showed
that cancer cells with high SVCT2 expression enhanced the accumulation of 8F-DFA in mice after tumor forma-
tion. Immunohistochemistry was used to verify the corresponding results. As a radiotracer, '8F-DFA can provide
powerful imaging information to identify tumor with high affinity of AA, and SVCT2 can be a potential biomarker
in this process.

Colorectal cancer

Introduction

L-ascorbic acid (vitamin C, AA) is a water-soluble vitamin and one
of the most important antioxidants [1]. Several preclinical studies have
shown that pharmacological AA can kill cancer cells in vitro and inhibit
tumor growth in vivo [2, 3]. Recent studies have focused on the benefi-
cial effect of intravenous high-dose AA administration in cancer treat-
ment [4]. The mechanism by which AA selectively kills malignant tumor
cells while sparing normal cells remains unclear. It depends on a vari-
ety of factors, including different types of tumors, tumor heterogeneity,
and tumor dependency on specific pathways, considering a wide range
of processes affected by AA [2].

* Corresponding authors.

Two families of transporters [5], namely, solute carrier family 23
(SLC23), which is mainly composed of sodium-dependent vitamin C
transporters (SVCTs) 1 and 2, and solute carrier family 2 (SLC2) of glu-
cose transporters (GLUTSs), mediate the transport of AA into cells. GLUTs
transport the oxidized form of vitamin C (dehydroascorbic acid, DHA),
which exists at a negligible physiological level [6]. SVCT1 and SVCT2
can transport ascorbate from extracellular micromolar concentrations
to intracellular millimolar concentrations against a concentration gra-
dient [7]. SVCT2 is widely distributed in the body and is known to be
the major vitamin C transporter [8]. Mice with SVCT2 deficiency lack
AA and die at birth [9]. Studies have also shown that the expression
of SVCT2 is directly related to the anticancer activity of AA in cancer
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cells [10,11]. Cancer cells with high SVCT2 expression are more sen-
sitive to AA treatment than those with low SVCT2 expression. SVCT2
was considered to be a potential biomarker for AA and cetuximab treat-
ment in patients with colorectal cancer (CRC) [12]. Some studies have
also shown that increased expression of mitochondrial SVCT2 intracel-
lular form is a common feature of all human cancers [13]. Therefore, a
study of the mechanisms of extracellular and intracellular transport and
accumulation of AA can provide valuable insights on the therapeutic
anti-cancer effects of AA.

Molecular imaging is a non-invasive method for effectively monitor-
ing biomolecules at the cellular or subcellular level [14]. Positron emis-
sion tomography (PET) is ideal among the molecular imaging methods
currently available. PET can provide a new viewpoint for studying the
pathophysiology of the tumor-bearing organisms [15]. AA radiolabeled
compounds using PET imaging can reveal AA accumulation in organ
tissues [16]. In recent years, several studies have focused on AA struc-
tural analogs labeled with radionuclides emitting positrons such as 18F,
1251 1311 and 11C, 14C for this purpose [15,17-20]. The atomic coordi-
nates, bond lengths and angles, hydrogen coordinates, anisotropic and
isotropic displacement parameters of 6-Deoxy-6-fluoro-L-ascorbic acid
are similar to native AA [21]. Moreover, of 6-Deoxy-6-fluoro-L-ascorbic
acid has the same transport and accumulation mechanism as AA, but not
DHA [22]. Therefore, 6-deoxy-6-fluoro-L-ascorbic acid can be an ideal
compound to study the cumulative process of intracellular AA. One-pot
synthesis of 6-deoxy-6-[18F] fluoro-L-ascorbic acid (18F-DFA) is formed
by nucleophilic displacement of a cyclic sulfate with no-carrier-added
[18F] fluoride ion [15].

Currently, several ongoing clinical trials are investigating the safety
and efficacy of high-dose intravenous AA for the treatment of various
types of cancers [2]. With the revived clinical interest in AA as a cancer
therapy, we use 18F-DFA as a positron labeling analog of AA, aiming to
provide useful information to identify tumors suitable for high-dose AA
therapy. The results of in vitro and in vivo analyses of this novel metabolic
tracer are reported in this study.

Materials and methods
Tracer production

All reagents used for chemical synthesis were commercial products
and were used without further purification unless otherwise indicated.
The synthesis of precursor cyclic sulfate (2), reference standard com-
pound (3), and ['8F] DFA (['8F]3) is outlined in Scheme 1, as de-
scribed in previous reports [15]. The supplementary information con-
tains detailed procedures [23-25]. Chemical identification of the puri-
fied product co-injection with DFA was carried out by high-performance
liquid chromatography (HPLC), (3), using a UV/Vis detector at 254 nm
and a y-ray radio detector (Fig. S1). HPLC condition was used: As-
centis C18 column (150 x 4.6 mm, 5 um), Mobile phase: 50 mM
phosphate-buffered saline (PBS), pH = 6, 1 mL/min. Retention time:
[18F] DFA = 3.0-3.5 min, [18F] fluoride=1.5-2.0 min. The radiochemi-
cal yield was 20-33% (n = 10) with a radiochemical purity of > 99%.

Cell culture and reagents

The human CRC cell lines SW480, SW620, LoVo, HCT116, and
HCT8 were confirmed to be significantly different in SVCT2 expres-
sion in previous literature [12,26]. Cells provided by The Kunming Cell
Bank, Chinese Academy of Sciences. To authenticate all the cell lines,
short tandem repeats (STRs) profiling was used. They were cultured in
RPMI 1640 medium (HCT116 and HCTS8 cells), DMEM medium (SW480
cells), Ham'’s F-12 K medium (LoVo cells), and Leibovitz’s L-15 medium
(SW620 cells) supplemented with 10% fetal bovine serum (FBS) and
1% penicillin/streptomycin (MRC, China) according to the instructions
of the provider. All cell lines were cultured at 5% CO, in a humidi-
fied incubator at 37 °C and were routinely passaged at confluence. All
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reagents used in this study were sourced from Thermo Fisher Scientific
unless otherwise stated. All cell-based experiments were repeated twice.

In vitro cellular uptake and substrate-competitive inhibition studies

The cellular uptake of 18F-DFA was studied using various CRC cell
lines described earlier. Tumor cells were plated in 6-well plates at an
initial density of 3.0 x 105 cells per well. The medium was replaced
with PBS with the same pH containing Na™ after 24 h to 48 h; and
0.037MBq (1uGi) 18F-DFA was added to the individual wells and in-
cubated at 37 °C for 30 min. The medium was sucked out at the end
of the incubation and cells were washed twice using 1 mL of ice-cold
PBS to clean up free tracer. The aspirated medium and PBS were col-
lected into a tube and labeled as the extracellular fluid tube (Tube A).
Cells were detached from the well using 0.2 mL 0.25% trypsin (MRC),
washed twice with 1 mL of ice-cold PBS, and cell-containing fluid was
collected into another tube labeled as the cellular fluid tube (Tube B).
The radioactivity of each tube was measured using a 2480 WIZARD? y-
counter (PerkinElmer, USA). The ratio of Tube B activity counts to the
total counts of Tube A and Tube B was the cellular tracer uptake ratio.
BCA protein assay (CWBIO, China) using cells in Tube B was used to
determine the protein concentration. Finally, the percentage of cellu-
lar uptake was standardized to 100 ug of protein. To characterize the
transport of 18F-DFA, substrate-competitive inhibition studies using un-
labeled L-AA and structural analogs (dehydroascorbic acid, DHA) were
conducted in the five CRC cell lines listed above. The specific opera-
tion steps and the calculation method of uptake rate were performed as
described earlier

Animal models

The Committee on the Ethics of Animal Experiments of the First
Affiliated Hospital, Sun Yat-sen University approved the use of ani-
mals in this study (approval NO. 2019-431). All the experimental mice
were placed in a sterile environment with a normal light/dark circadian
rhythm; and access to food and water ad libitum. The 4-6 weeks female
BALB/c nude mice (n = 40) were prepared in the Nanjing biomedical
research institute of Nanjing University (License NO. SCXK2018-0008).
Approximately 7 x 106 HCT8 or SW620 cells were inoculated into the
bilateral anterior armpits of nude mice; and the mice were monitored
daily. It took 14-21 days for the tumors to reach a suitable size of 10 mm.
Before the experiments, all the animals were subjected to fasting for 8 h.
At the end of the image data collection, bilateral tumors were collected
for immunohistochemical analysis.

In vivo biodistribution study in normal mice

To test the 18F-DFA as a tumor PET imaging agent, this tracer was
first tested in normal male BALB/c nude mice (20-25 gs). For the biodis-
tribution analysis, five mice were used per group. The mice were anes-
thetized using 1.0% pentobarbital sodium (50 mg/kg, intraperitoneal
injection, i.p) and tail intravenous injection with 0.1 mL sterile water
containing 2.22MBq (604Ci) of 18F-DFA was performed. Then, these
mice with radiopharmaceuticals were sacrificed under anesthesia at 30,
60, 90, and 120 min. The organs of interest were removed, weighed,
and a 2480 WIZARD?2 y-counter was used to measure radioactivity of
organs. The percentage of the injected dose per sample gram (% ID/g)
was determined by comparing the tissue activity count to 1.0 percent
of the initial dose count. The initial dose consisted of 100-fold diluted
injected substance aliquots measured at the same rate.

In vivo biodistribution study in tumor-bearing mice
Bilateral xenograft tumor model was established as described earlier.

Ten tumor-bearing mice were used to evaluate the biological distribu-
tion of '8F-DFA; and the radiopharmaceuticals injection method was
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as mentioned above. The mice were sacrificed under anesthesia at 30
and 60 min, respectively. Bilateral tumors and organs of interest were
removed, weighed and the radioactivity measured using a 2480 WIZ-
ARD2 y-counter. The%ID/g was calculated using the method described
earlier.

Micro-PET studies and image analysis

A Micro-PET scanner (Siemens, Germany) equipped with the Inveon
Research Workplace 4.1 software was used to obtain the images of
tumor-bearing mice. Before imaging, all mice were anesthetized and
placed on a heating pad to maintain their body temperature through-
out the process. To analyze the dynamic PET imaging of tumor-bearing
mice (n = 2), 3.7 MBq (1004Ci) of 18F-DFA was injected. After intra-
venous tracer injection, data was collected continuously for 2 h (dy-
namic, 5 min/frame). Static PET imaging studies using 3.7 MBq of '8F-
DFA on tumor-bearing mice (n = 5) were conducted 60 min after injec-
tion. To obtain an imaging region-of-interest (ROI)-derived%ID/g, the
images were reconstructed by the previously described method [27].

Ex vivo PET study in mice bearing xenograft tumors

After fixing the tumor-bearing mouse, 3.7 MBq '8F-DFA was injected
intravenously. The mouse was sacrificed by cervical dislocation under
anesthesia, 60 min after injection. The bilateral tumors and organs of
interest were removed and placed on a 5.0 X 12.0 cm cardboard that
matched the size of the scanning bed. The cardboard containing the or-
gans was then placed in the micro PET scanner and imaging commenced.
After 10 min of scanning, data was analyzed and reconstructed using the
software from the vendor.

Western blot analysis

Western blot analysis was performed using the above-listed CRC
cells. Protein concentration was determined using the protein deter-
mination dye method based on bovine serum albumin (Merck, Ger-
many) after the cells were collected, washed, pelleted, and lysed. For
immunoblotting, 30 ug protein was separated from each lane on 8%
gradient ready-made SDS gel and transferred to polyvinylidene fluoride
membrane (Millipore, USA). The anti-SVCT2 antibody (ab229802, Ab-
cam, USA) was diluted to 1:1000 in a closed buffer; and incubated with
the membrane overnight at 4 °C. The membrane was then incubated
with the secondary antibody. A Pierce Quick Western Blot Kit was used
to develop the resulting imprint and then transmitted to film. In order to
ensure that the target band of SVCT2, we referred to the official instruc-
tions given by the antibody supplier Abcam and refer to the protein
database UniProt (www.uniprot.org). Finally, we determined that the
SVCT2 protein band should be near 70 kDa.

Statistical analysis

tion, and differences between the two groups were calculated using
independent-sample t-test (two-tailed) in Prism software (version 8;
GraphPad Software). Linear regression analysis (SPSS 22.0) was used
to show the relationship between the results of Western blotting and
radiotracer uptake of AA. Statistical significance was set at P < 0.05 *,
< 0.01 ** or < 0.001 *** representing significance between exposure
conditions.

Quantitative data were represented as mean + standard devia-

Results
Association of SVCT2 expression and 18F-DFA cellular uptake in CRC cells

In vitro cellular uptake experiments were conducted to examine the
uptake of 18F-DFA in various human CRC cell lines. To characterize the
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Table 1
In tissue biodistribution of 6-Deoxy-6-['8F] fluoro-L -ascorbic Acid
in BALB/c nude mice after intravenous injection.

Organ 30min 60min 90min 120min

Brain 0.51+0.25 0.60+0.19  0.64+0.05  0.67+0.08
Blood 0.48+0.20 0.42+0.12  0.38+0.05  0.29+0.03
Heart 1.27+0.19  1.36+0.47  1.39+0.28 1.28+0.35
Lung 6.23+2.29  8.35+1.34  8.64+0.46  8.05+1.13
Liver 8.02+1.35 6.99+1.16  5.71+0.67  5.47+0.76
Pancreas  2.79+0.92  2.60+1.70  2.71+0.28  2.55+0.69
Spleen 3.55+1.19  4.37+1.31 2.24+0.67  2.64+0.94
Adrenals 11.6+2.06 14.2+2.43 13.6+1.91 11.4+1.55
Kidneys 9.45+1.93  7.17+1.82  6.87+1.37  5.44+1.16
Intestine  7.69+1.63 8.33+0.93 7.75+0.43 7.63+1.19
Stomach 2.13+0.64 2.37+0.71 2.53+0.26  2.94+0.49
Muscle 0.49+0.18  0.55+0.19  0.64+0.16  0.57+0.16
Bone 1.02+0.39  1.12+0.11 1.30+0.08 1.44+0.16

Data represented as%ID/g, mean + SD (5 mice per time point).

difference of these cell lines, Western blot analyses was carried out and
the result revealed the different levels of SVCT2 expression in these CRC
cells. HCT8 and HCT116 cells had low expression, while SW620, SW480,
and LoVo cells had high expression of SVCT2 (Fig. 1a and Fig. S2).
Quantitative analysis also showed distinct expression patterns in these
cells (Fig. 1b).

In vitro findings for 18F-DFA cellular uptake showed that the rate of
uptake in SW480, SW620, and LoVo cells was significantly higher (ap-
proximately 2—4 folds) than that in HCT116 and HCT 8 cells (t = 8.683,
P < 0.001; Fig. 1c). Linear regression analysis showed that the protein
expression of SVCT2 was positively associated with tumor cellular up-
take of AA in CRC cells (r = 0.787, P < 0.001; Fig. 1d).

Substrate competitive inhibition studies were carried out in the pres-
ence of structural analogs (L-AA and DHA). Unlabeled AA caused a sig-
nificant reduction of 88% to 90% in the uptake of '8F-DFA in SW480,
SW620, and LoVo cells, whereas a reduced inhibition of 20% to 30% in
HCT116 and HCTS cells. Conversely, unlabeled DHA caused a slight re-
duction (8% to 17%) in the uptake of 18F-DFA; and most of these slight
changes were statistically insignificant (Fig. 1c).

In vivo biodistribution studies

The in vivo biodistribution of 8F-DFA was evaluated in normal
BALB/c nude mice (n = 5 per group). Adrenal glands displayed sig-
nificantly greater uptake of !8F-DFA than other tissues and organs
(14.2 + 2.43%ID/g at 60 min). This result is consistent with the pre-
vious in vivo AA distribution study [16]. The rapid uptake of '8F-DFA
was observed in kidneys, with an initially high concentration which
was excreted quickly over time. The liver displayed a moderate up-
take of 8F-DFA with a slow elution rate. Radioactive substance was
also present in the lungs, intestines, heart, and stomach. However, the
tracer uptake in these organs was constant up to 120 min. The radioac-
tivity ratio of tissue to blood was > 1 due to effective blood clearance.
In the biological distribution data, it was found that the accumulation
of 18F-DFA in the brain was low; from 0.51 + 0.25%ID/g at 30 min
to 0.67 + 0.08%ID/g (P = 0.2029) at 120 min after injection. The fe-
mur uptake rate slightly increased from 1.02 + 0.39%ID/g at 30 min
to 1.44 + 0.16%ID/g (P = 0.0415) at 120 min after injection; implying
that the compound underwent defluorination in vivo (Table 1 and Fig.
$3).

Tracer biodistribution experiments were also conducted in tumor-
bearing mice. Dissected tumor tissue detection showed that 18F-
DFA accumulated in bilateral tumors and the tumor uptake val-
ues were higher than those of the surrounding muscle tissues
(SW620:1.39 + 0.37 vs.0.44 + 0.20, P = 0.0028; HCT8: 1.05 + 0.17 vs.
0.44 + 0.20, P = 0.0033). A comparison of the tumor-to-muscle ratio
(TMR), showed that SW620 tumors with high SVCT2 expression had a
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Fig. 1. SVCT-2 expression and uptake of 8F-DFA with or without structural analogs in different CRC cell lines. (a) SVCT2 expression analyzed using Western blotting.
GAPDH was used as a loading control. (b) The ratio of protein expression of SVCT2 to GAPDH quantitatively analyzed. The value of SVCT2 expression is lower in
HCT8 and HCT116 cell lines than that in the other three cell lines. (c) Cellular '®F-DFA uptake in cells treated with or without L-AA or DHA. (d) Linear regression
analysis shows significant correlation between protein expression of SVCT2 and uptake of 8F-DFA in CRC cells (r = 0.787, P<0.001). Data are shown as mean =+ SD.
“P < 0.05, **P < 0.01 and ***P < 0.001, ns = non-significant. 8F-DFA = 6-Deoxy-6-['¢F] fluoro-L-ascorbic Acid; L-AA = L-ascorbic acid; DHA = dehydroascorbic
acid.

higher ratio than in HCT8 tumors which had low SVCT2 expression at

60 min (3.40 + 0.96 vs. 2.58 + 0.73 respectively, P = 0.0345) (Table 2). Table 2
In tissue biodistribution of 6-Deoxy-6-['8F] fluoro-L

-ascorbic Acid in BALB/c nude mice bearing tumor
PET imaging of 6-Deoxy-6-[18F] fluoro-L-ascorbic acid xenografts after intravenous injection.

Organ 30min 60min

Dynamic micro-PET scanning was carried out in the tumor-bearing

mice to further determine the distribution pattern of 18F-DFA. For vi- Brain 0.36+0.09  0.510.12
sual observation, animal PET images with a total of 120 min coronal Blood 0.42:0.08 ~0.49:0.05
: g 8 i ¢ Heart 1.11£022 117021
sections were selected. Clear tumor uptake was observed in the animal Lung 4.03+1.64  5.60+1.69
model (Fig. 2a). The time-activity curve of 18F-DFA can be drawn by cal- Liver 530+1.13  5.07+0.81
ibrating the ROI in the dynamic images. The tumor-to-brain (TBR) and Pancreas 1.65+0.62  1.65+0.37
TMR relative uptake ratios were then calculated at different intervals Spleen 211:046  2.48:+0.73
. b he initial . id Kk . lized and Adrenals 8.77+1.07 11.6+1.26
(Fig. 2b). In the initial 20 min, rapid tumor uptake was visualized an Kidneys 7384071  5.98+0.45
the maximum TBR uptake was reached after the 18F-DFA injection. The Intestine 591+1.01 6.92+1.44
highest SW620 TBR was 17.81 and the highest HCT8 TBR was 12.38. Stomach 2.28+0.64  2.54+0.29
The tumor maintained the tracer with a slow washout rate during the Muscle 0.40+0.14  0.44+0.20
subsequent scan (Fig. 2¢ and Fig. S4) Bone 081+022  1.03+0.33
quient scan LHIg. < 18- >%4). Tumor SW620 114£027  1.39+0.37
The distribution of "°F-DFA in various organs was observed when the Tumor to muscle ratio  3.08 3.40
interaction of overlapping tissues and organs in vivo was prevented. After Tumor to blood ratio 2.70 2.94
dissection, we performed ex vivo animal PET experiments in a tumor- Tumor HCT8 - 070£033  1.05£0.17
bearing mouse. Clear tumor uptake of 18F-DFA was visualized in the iuzor EO rbrlluszle rstlo }'é? ;?3
. . umor to ood ratio . .
bilateral tumors and the adrenal glands. High uptake of 8F-DFA was
also evident in the lungs, kidneys, and intestines (Fig. 3). This result Data represented as%ID/g, mean + SD (5 mice per
demonstrated the ability of tumor tissues and other organs to aggregate time point).

AA.
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Fig. 2. Static micro-PET images, dynamic time-activity curve, and relative tracer uptake ratio in tumor-bearing mice. (a) Small-animal PET images of '®F-DFA in
bilateral tumor-bearing mice at 60 min after intravenous injection. Images are shown in transverse, coronal, and sagittal views. Arrows represent the location of
tumors (white arrow shows the SW620 tumor and red arrow shows the HCT8 tumor). (b) Relative uptake ratios of tumor-to-brain (TBR) and tumor-to-muscle (TMR)
at different time points (0 to 120 min) after injection with 8F-DFA. (c) Time-activity curves of the brain, muscle, and tumors on tracer uptake in BALB/c nude mice
bearing HCT8 and SW620 tumors after injection of '8F-DFA.% ID/g = percent injected dose per gram.

Immunohistochemical analysis

After bilateral tumors resection, a series of pathological procedures
were performed. The results of immunohistochemistry showed that
SVCT2 was overexpressed in SW620 tumors; and pathological sections
showed more intense brown staining of SVCT2 in the cytosol and mem-
brane. In contrast, SVCT2 staining was less in HCT8 tumors (relative
positive level ratio: 100.00 + 113.47 vs. 47.28 + 40.44; P = 0.0086,
Fig. 4b). Fig. 4a shows representative histopathological images.

Discussion

CRC is one of the most common malignant tumors, with the third
highest incidence and the second highest mortality in developed coun-
tries [28]. The level of diagnosis and treatment for patients with CRC
have undergone significant advances during the past decades. However,
the efficacy of chemotherapy is still limited, and drug resistance often
occurs in CRC [29]. Therefore, there is an urgent need to provide new
therapeutic strategies for patients with advanced CRC to improve their
sensitivity to conventional therapeutic agents.

AA was first identified to have anticancer effect in the 1970s [3].
Several studies and clinical trials have shown that high-dose AA alone
or in combination with other chemotherapeutic drugs is effective in the
treatment of various human cancers [30-32]. AA has almost no toxicity
[37] and has attracted great attention to be used as a chemotherapeutic
agent [33]. It has been reported that there are approximately a dozen
ongoing clinical trials from stage I to III in investigating the high-dose
AA as a monotherapy or combination therapy to treat various types of
cancers [34]. However, with the development of these clinical trials,
there has been controversy. The main controversial point is the lack

of appropriate screening methods to select suitable cancer patients for
AA treatment. Among the currently molecular imaging techniques avail-
able, PET has been shown to be ideal. For these reasons, we synthesized
and labeled the AA analogue, namely 8F-DFA; and focus on the biologic
evaluation of 18F-DFA in vitro and in vivo.

In our study, we observed that tumor cells with high SVCT2 expres-
sion had 2-4-fold higher cellular uptake of '®F-DFA than cells with low
SVCT2 expression. Although the expression of SVCT2 protein in SW620
is the highest among the five cell lines (Fig. 1b), its uptake rate is not
the highest. The possible reason is that the entry of AA into cells me-
diated by SVCT2 is the main pathway, but it’s not the only way [11].
Considering the special redox activity of AA and the subtle effects of dif-
ferent physiological states of cells on AA uptake,the uptake of 18F-DFA
might be more complex in vivo than that in vitro. The inhibition ratio
of cells with high SVCT2 expression was almost 90% for 1 mM AA, but
not DHA. That’s might because !8F-DFA cannot enter the cell through
the GLUT pathway since the 18F label in the 6 position prevents forma-
tion of the bicyclic species of DHA [19]. Consistent with these results,
the study of Varun et al. [35] showed that radiolabeled AA uptake in
breast cancer cells was significantly inhibited in the presence of unla-
beled AA, whereas no substantial alteration in the uptake was observed
with unlabeled DHA.

Animal PET studies using '8F-DFA exhibited the higher uptake and
retention in the high SVCT2 expression tumor models in mice. This is
also confirmed in our cell uptake experiments and biodistribution ex-
periments. The biodistribution studies in mice showed high levels of
radioactivity uptake in adrenal glands, kidneys, liver, and intestines,
that are organs known to have a high affinity of AA [36]. Ex vivo an-
imal PET study showed that the adrenal glands have an outstanding
ability to aggregate AA. Although this phenomenon has been reported
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before [37], to our knowledge, this appears to be the first time that 18F-
DFA PET imaging has been used to verify it. The mechanism of high
AA uptake in the adrenal glands is still poorly understood. Some studies
[38] suggested that the stress response of the adrenal gland to adreno-
corticotropic hormone (ACTH) has been shown to contribute to an in-
crease in the release of AA.

To date, many preclinical studies on the application of AA in the
treatment of CRC have achieved gratifying results, but there is no con-
vincing clinical trial result. Some scientists [39] have stated that the
re-emerging ascorbate treatment phoenix should be protected instead
of being shot down. They strongly encouraged the field to study the po-
tential use of AA, but also sent a cautionary note that new experiments
should be properly conducted. The findings of our present study are that
SVCT2 overexpression enhanced the uptake of CRC cells to AA, and the
tumor-bearing mice were verified by '®F-DFA PET imaging. Based on
this, it is expected that the use of a properly prepared '8F-DFA as a
radiotracer can provide powerful molecular imaging to support the an-
ticancer research of AA.

Conclusion

Our study suggested that '8F-DFA could be used as a radiotracer to
provide powerful imaging information to identify tumors suitable for
AA treatment and SVCT2 can be a candidate biomarker in this process.
Further clinical trials are warranted to verify the therapeutic efficacy of
AA in patients with 18F-DFA high-affinity tumors.
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