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Abstract: Although the tracer (25,4S)4-['F]FPArg is expected to provide a powerful imaging
method for the diagnosis and treatment of clinical tumors, it has not been realized due to the low
yield of chemical synthesis and radiolabeling. A simple synthetic method for the radiolabeled
precursor of (25,4S)4-["8F]FPArg in stable yield was obtained by adjusting the sequence of the
synthetic steps. Furthermore, the biodistribution experiments confirmed that (25,4S)4-['*F]FPArg
could be cleared out quickly in wild type mouse. Cell uptake experiments and U87MG tumor
mouse microPET-CT imaging experiments showed that the tumor had high uptake of
(25,4S)4-['"*F]FPArg and the clearance was slow, but (25,4S)4-["*F]FPArg was rapidly cleared in
normal brain tissue. MicroPET-CT imaging of nude mice bearing orthotopic H5683-Luc showed
that (25,45)4-['SF]FPArg can penetrate blood—brain barrier and image gliomas with a high contrast.
Therefore, (25,45)4-['®F]FPArg is expected to be further applied in the diagnosis and efficacy
evaluation of clinical glioma.

Keywords: tracer; amino acid; (25,4S)4—['®F]FPArg; glioma imaging; positron emission tomogra-

phy

1. Introduction

Amino acids are the second largest source of energy for tumor cell growth and re-
production, which are not taken up by normal or just to a low extent [1]. More and more
studies have shown that amino acid transporters are abnormally expressed in tumor cells
and tumor tissues [2,3]. Additionally, the expression pattern, quantity and membrane
rate of the transporter are closely related to the type, invasiveness, migration and prolif-
eration rate of tumor cells [3-7]. Accordingly, radioactive tracers for amino acids of dif-
ferent amino acid transporter types have been developed, such as L-type tracers (me-
thionine derivatives ['C]MET [8,9], tyrosine derivatives [F]FET [10-12], ['2I]IMT [13]
and [F]JFDOPA [14,15]), ASC type tracers (glutamine derivative (25,4R)—4["*F]FGIn
[16,17]), xCT type tracers, and glutamic acid derivatives (25,4S)-['"*F]FSPG [18]), and
cationic type tracers (arginine derivative (25,4S)4-["*F]FPArg [19], etc., [20-24]) (Figure
1). Most of these tracers have been used in clinical diagnosis and treatment, among which
the unnatural amino acid anti-3-["8F]JFACBC (Axumin) has been approved by the US
FDA for the diagnosis of recurrent prostate cancer [25]. Radiolabeled amino acids pro-
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vide an important imaging method for the diagnosis and efficacy evaluation of clinical
tumors [26,27].
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Figure 1. Chemical structures of ['C]MET, [SF]FET, [I]IMT, [$FJFDOPA, anti-3-["FJFACBC,
(25,4R)4-[SF]FGIn, (25,45)-[*F]FSPG and (25,4S)4—[¥F]FPArg.

Arginine is an important substrate for cationic amino acid transporter (CAT), espe-
cially an important energy source for arginine auxotrophic tumors [28,29]. Such tumors
cannot synthesize arginine because they do not express argininosuccinate synthase.
Therefore, they need to take in exogenous arginine to maintain their metabolism. Based
on this feature, PEGylated arginine deiminase (ADI-PEG20) was used to convert exog-
enous arginine into citrulline, and then specifically “starve” tumor cells, while normal
cell growth is not affected [28,29]. Therefore, PET imaging of exogenous arginine metab-
olite tracers can indirectly reflect the arginine metabolism level of tumors, and provide an
effective imaging method for tumor classification and efficacy monitoring for arginine
deprivation therapy. Based on this, our group reported the arginine metabolism tracer
(25,4S)4-["8F]FPArg for the first time [19]. This tracer has no observed defluorination in
vivo, as well as a high tumor uptake and long residence time. However, the tracer has not
been studied in human subjects. The important reason for this is that its chemical syn-
thesis route is long and the overall yield is low, and the radiochemical yield is also low,
which limits its further application. Herein, we tried to optimize its synthetic route to
improve the synthetic yield and further apply it to glioma imaging.

2. Results
2.1. Optimization of Precursor Synthesis Conditions of (25,45)4—["¥F]FPArg

According to a previous report [19], (25,45)4-FPArg can be obtained, but the yield of
the key intermediate compound 3 is unstable (Scheme 1). In this step, the temperature,
the amount of catalyst, the water content of the solvent and the reaction time should be
precisely controlled. If this step was not performed strictly, it is easy to obtain a
by—-product of the removal from a tert-butylcarbonyl group from intermediate 3 (Scheme
1). The initial method of this step reaction is to continuously separate the intermediate 3;
this operation does not improve the yield, but brings a larger workload and synthesis
cost. Therefore, we tried to remove firstly the protecting group tetrahydropyranyl of
compound 1, and then introduced p-methoxybenzylamine to obtain intermediate 3
(Scheme 1). Gratifyingly, compound 1 was converted to compound 4 with 75.1% yield.
The operation of this step was simple and the synthesis yield was stable. After solving
this problem, the amount of the labeled precursor of (25,45)4—-['8F]FPArg can be greatly
improved. The radiolabeling protocol for (25,4S)4-["*F]FPArg followed our previous re-
port (Scheme S1) [19].
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Scheme 1. Synthesis of precursor of (25,4S)4-["*F]FPArg. (a) tert-butyl 2,2,2—trichloroacetimidate
(TBTA), BFs:Et20, DCM, cyclohexane, rt, overnight; (b) LIHMDS, Allyl bromide, THF, -78 °C, 4 h;
(c) 9-BBN, H202, NaOH, 0 °C-rt, 48 h; (d) DHP, PPTS, DCM, rt, 3 h; (e) Pd/C, Hz, EtOH, rt, 2 h; (f)
Ethyl chloroformate, NaBHys, THE, H20, 0 °C-tt, 4 h; (8)
N,N'-Di-Boc-1H-pyrazole-1-carboxamidine, triphenyl phosphine, diethyl azodicarboxylate, THF,
0 °C-rt, overnight; (h) 4-Methoxybenzylamine, N,N-Diisopropylethylamine, ACN, 3 h; (i) PPTS,
ethanol, 2 h; (j) p-toluenesulfonyl chloride, EtsN, DCM, rt, overnight.

2.2. BALB/c Mouse Biodistribution

After the synthesis conditions of radiolabeled precursors were optimized, we at-
tempted to apply (25,45)4-["¥F]FPArg to image gliomas. Its pharmacokinetic properties
were first investigated. Biodistribution in BALB/c mice was performed at 1 and 30 min. It
can be seen from Figure 2a that the initial brain intake of (25,45)4-['*F]FPArg is low (SUV
= 0.09 * 0.01), which may be due to a low expression of cationic amino acid trans-
porter—1(CAT-1) in the normal brain, while (2S,45)4-['8F]FPArg crossed the blood—-brain
barrier by CAT-1[19]. The tracer was rapidly cleared within 30 min (SUV = 0.02 + 0.01,
brain uptake 1 min/30 min = 4), indicating low background interference. According to the
uptake in the bone, there is no obvious defluorination phenomenon in vivo (SUV =0.88 +
0.09, 0.38 + 0.02 % ID/g, 1, 30 min, respectively), which provides the possibility for the
diagnosis of glioma.
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Figure 2. (a) In vivo biodistribution of (2S,4S)4-["*F]FPArg in BALB/c mouse (1 = 4); Cell uptakes
(b) and internalization (c) of (25,4S)4-["®F]FPArg in U87MG and HS683-Luc cells.

2.3. Cell Uptakes, Internalization and Efflux Experiments.

Two human glioma cells, US7MG and HS683-Luc, were selected to further investi-
gate the cellular uptake and internalization of (25,45)4-["¥F]FPArg. It was taken up by
both cell lines, and the uptake increased with time (Figure 2b). Both cells had a lower
uptake of (25,45)4-['8F]FPArg when compared to [¥F]FDG (Figure 2b), which is con-
sistent with glucose being the tumor cells’ major energy source. Moreover, the mem-
brane-bound and internalized fractions of (2S5,45)4—["8F]FPArg on U87MG cells was de-
termined after 60 min incubation with 7.1 + 0.2 and 4.91 + 0.1 %ID/1 mio cells, respec-
tively, leading to a total internalization ratio of 41.0 + 1.4% (internalized/total bound ac-
tivity). The corresponding values in HS683-Luc cells were determined using a similar
procedure with 7.8 + 0.3 and 2.91 + 0.3 %ID/1 mio cells, respectively, leading to a total
internalization ratio of 27.2 + 1.4% (Figure 2c). In terms of cellular internalization, US7MG
had a higher internalization rate of (25,4S)4-['8F]FPArg, which may be due to the fact that
U87MG cells express more cationic amino acid transporters [30]. Efflux experiments
demonstrated that (25,4S)4-['SF]FPArg exhibited a moderate cellular efflux rate in vitro
(Figure S1), showing retention of 58.6 and 78.8% of the originally accumulated radioac-
tivity after 180 min in U87MG and HS683-Luc cells, respectively.

2.4. Small Animal PET-CT Imaging and Biodistribution in Nude Mice Bearing U87MG Tumors

The imaging ability of (2S,45)4-['8F]FPArg on glioma-bearing mice was further in-
vestigated. In 120 min dynamic microPET-CT imaging, (25,4S)4-['*F]FPArg could rap-
idly enter the brain and be subsequently cleared out (Figure 3 and S2a), which was simi-
lar to the results of biodistribution in the BALB/c mice (brain SUV:1 min/30 min = 4).
Tumor uptake peaked around 30 min (SUV-bw =3.52 + 0.76), followed by slow clearance
(Figure 3a, b). At 30 min, the tumor—to-brain ratio was 13.6 (Figure 3c), whose contrast
was high enough for diagnosing gliomas. When compared to the salient tumor imaging
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of (25,45)4—-["*F]FPArg microPET-CT at 60 min, [*®*F]FDG uptake was high in the tumor
(SUV-bw = 4.12 + 0.28), as well as in the brain (SUV-bw = 5.72 + 1.32) and muscle
(SUV-bw = 6.46 = 3.19) (Figures 3a and S3). The tumor-to-brain ratio and tu-
mor-to-muscle ratio of ['"SF]FDG were 0.7 and 0.6, respectively. The results indicated that
(25,45)4-[*F]FPArg may have advantages in the diagnosis of glioma over [*F]FDG.
Consistent with previous reports, both the liver and kidney have higher uptake of
(25,4S)4-['sF]FPArg (Figure S2b), which may have a great interference in the diagnosis of
digestive or respiratory system-related tumors. Additionally, there was also no signifi-
cant increase in bone uptake with time (Figure 3a), which further verified the absence of
defluorination of (25,4S)4—["¥F]FPArg in vivo. A 30-min point biodistribution experiment
in US8’MG tumor-bearing mice was further performed. Consistent with the microP-
ET-CT imaging results, the tumor, liver, and kidney showed higher uptake of
(25,4S)4-['*F]FPArg, while brain uptake was relatively lower (Figure 3d). Therefore, the
dynamic characteristics and in vivo distribution of (25,45)4—-["*F]FPArg in the brain con-
firm that it may have a great advantage in the diagnosis of brain tumors.
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Figure 3. (a) The microPET-CT images of (254S)4-['*F]FPArg and [F]JFDG in U87MG tu-
mor-bearing nude mice, where the white circle indicates glioma area; (b) Time-activity curves of
(25,4S)4-['*F]FPArg uptake in brain, muscle and tumor; (c) The tumor/brain SUV ratio of
(25,4S)4-['"*F]FPArg uptake in U87MG tumor-bearing nude mice; (d) Biodistribution of
(25,45)4-[**F]FPArg in U87MG tumor-bearing nude mice at 30 min point.

2.5. Small Animal PET-CT Imaging in H5683—Luc Orthotopic Glioma Mouse Model

To further verify the diagnosis of glioma, microPET-CT imaging of orthotopic
HS683-Luc tumor-bearing nude mice was performed. The tumors of tumor-bearing
mice were localized by D—fluorescein potassium salt bioluminescence imaging (Figure
4d). Static PET-CT images of (25,4S)4-['*F]FPArg were acquired at 30, 60 and 90 min time
points. As can be seen in Figures S5 and S6, the tumor uptake of (25,4S)4-['SF]FPArg
peaked at 60 min, followed by a slow clearance. At 60 min after (25,45)4-[**F]FPArg in-
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jection, good tumor uptake with relatively low normal brain uptake was observed (Fig-
ures 4b and 3c). Intense activity was present at this time point in the abdomen, related
primarily to pancreas, kidney, and urinary excretion. At 60 min, the ['*F]FDG brain up-
take was high, but the radioactivity of brain regions was homogeneously distributed,
which could not accurately locate the HS6833-Luc glioma (Figures 4a and S4, tu-
mor/brain ratio = 1.1). However, the uptake of (25,45)4-[¥F]FPArg is relatively low in the
normal brain and only specific for glioma, so the location and size of glioma could be
clearly observed (tumor/brain ratio = 6.52 + 1.31, Figure S4). The location of the
HS683-Luc tumor determined by (25,45)4-['F]FPArg is consistent with the location of
the biofluorescence imaging, indicating that (25,4S)4-['*F]FPArg can be used as a tracer
for gliomas

(a) (b)
[*FIFDG (28,4S)4-["°*F]FPArg

5
’ {

Figure 4. (a) The microPET-CT sagittal image of ['®F]FDG in HS683-Luc tumor-bearing nude mice;
The microPET-CT sagittal (b) and coronal (c) images of (2S,45)4-['*F]FPArg in HS683-Luc tu-
mor-bearing nude mice; (d) Bioluminescence imaging was collected for 1 min in a nude mouse
bearing HS683-Luc glioma after injection of D-luciferin, where the red circle indicates glioma area.

Human radiation dosimetry was estimated based on the biodistribution of
(25,4S)4-['¥F]FPArg after i.v. injection in male. The organs that were estimated to receive
high doses of (25,45)4—['8F]FPArg were the kidneys and liver (Table S1). The effective es-
timated human doses (ED) of (25,45)4-['F]FPArg were calculated to be 2.44 uSv/MBq for
men (Table S1).

3. Discussion

[F]FDG is the most widely used PET tracer in clinical practice [31]. It can not only
diagnose tumors, but also diagnose diseases related to the central nervous system,
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providing clinicians with a powerful imaging tool. However, ['"*F]FDG lacks specificity
and high sensitivity for the diagnosis of inflammation or some tumors [32-37]. Therefore,
some specific tracers such as prostate—specific membrane antigen-targeting PET tracers
[68Ga]PSMA-11 [38], ['*F]PSMA-1007 [39] and [*F]DCFPyL [40], fibroblast activation
protein—targeting tracers [#Ga]FAPI-02 and [¢#Ga]FAPI-04 [41,42], somatostatin recep-
tor—targeting tracer [®Ga]DOTATATE [43], etc., [44,45], have been developed. These
tracers can also achieve the purpose of the integration of diagnosis and treatment by us-
ing different radionuclides. However, it is more difficult to develop tracers specific for
the diagnosis of gliomas, mainly because the existence of the blood-brain barrier makes
many tracers unable to be used in the early diagnosis of gliomas. Radioactive amino acids
have great diagnostic advantages, as they can efficiently penetrate the blood-brain bar-
rier and be cleared faster in normal tissues [7,27]. The PET imaging and biodistribution
results of (25,4S)4-['*F]FPArg show that it can quickly penetrate the blood-brain barrier
and clear quickly, and the background of brain imaging is low, which is beneficial to the
early diagnosis of glioma. However, the low synthetic and radiolabeling yield of
(25,45)4-["*F]FPArg limit its clinical application. Therefore, this paper attempted to im-
prove the yield of (25,45)4-["8F]FPArg by adjusting its synthetic route. When compared
with [¥F]FDG, (25,4S)4-[*F]FPArg was further applied in glioma imaging, and its sensi-
tivity for localizing tumors was higher. In the reported literature, ["C]MET and ['SF]FET
are tracers commonly used in clinical diagnosis of glioma; their tumor SUVmax values are
1.22 +0.29 and 1.21 + 0.23, respectively, and their TBRmax ratios are 1.96 + 0.32 and 2.72 +
0.53, respectively [46,47]. ["C]MET has a high background due to its involvement in
protein synthesis [48], and ['*F]FET is not sensitive for the diagnosis of low-grade glioma
[49]. The TBRmax ratio of [F]JFDOPA was 2.51 + 0.41 [50]. In recent years, the newly de-
veloped tracers (25,4R)4-[**F]FGIn and anti-3—["*F[FACBC have tumor SUVmax values of
1.35 £ 0.36 and 3.0 + 0.8, respectively, and have TBRmaxratios of 2.31 + 0.40 and 4.5 + 1.1,
respectively [46,51]. When compared with the above tracer’s TBRmax, the imaging contrast
of (25,4S)4-['*F]FPArg is higher. The above tracers are all substrates of L-type or
ASC-type transporters [27]. The L or ASC transporter plays an important role in the
normal physiological process of the brain [52,53], and the background interference of the
substrate tracer is higher. However, CAT-1 is less expressed in normal brain [6], and thus
has a higher specificity in tumor expression. Therefore, (25,4S)4-['SF]FPArg is expected to
provide accurate imaging information for the early diagnosis, staging and prognosis
evaluation of glioma. The radiolabeling yield can be improved by increasing the amount
of radiolabeling precursor to facilitate the clinical application of (25,45)4-['sF]FPArg. In
the future, the radiolabeling methods and clinical application of (25,45)4-[*¥F]FPArg will
be further studied.

4. Materials and Methods

All reagents used were commercial products and were used without further purifi-
cation unless otherwise indicated. 'H NMR spectra were recorded at 300 MHz and 3C
NMR spectra were measured at 75 MHz on a Bruker AV300 spectrometer at ambient
temperature. Chemical shifts are reported in parts per million downfield from TMS (tet-
ramethylsilane). Coupling constants in "H NMR are expressed in Hertz. High-resolution
mass spectrometry (HRMS) data were obtained with an AB Sciex X500R QTof.
Thin-layer chromatography (TLC) analyses were performed using Merck (Darmstadt,
Germany) silica gel 60 Fzsa plates. Crude compounds generally were purified by flash
column chromatography (FC) packed with Teledyne ISCO. All animal experiments were
approved by the Animal Experiments and Experimental Animal Welfare Committee of
Capital Medical University and carried out according to the guidelines of Animal Wel-
fare Act.
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4.1. Synthesis of Tert—Butyl
(25,4S)—4—(((E)-N,N'"-Bis(Tert—Butoxycarbonyl)-1H—-Pyrazole—1-Carboximidamido)Methyl)-2
—((Tert—Butoxycarbonyl) Amino)—7—Hydroxyheptanoate (4)

A solution of tert-butyl
(25,4S)-4—(((E)-N,N’—bis(tert-butoxycarbonyl)-1H-pyrazole-1-carboximidamido)methy
1)-2—((tert-butoxycarbonyl)amino)-7—((tetrahydro—2H-pyran-2-yl)oxy)heptanoate 1 (1
g, 1.38 mmol) and PPTS (0.35 g, 1.38 mmol) at 50 °C in 25 mL ethanol for 3 h. Saturated
NaHCOs (0.14 g, 1.38 mmol) was added, filtered. The solvent was removed under vac-
uum, and purified by flash column (ethyl acetate/ hexane 35/65) to get white solid 4 (0.66
g, 75.1%). 'TH NMR (300 MHz, CDCl5)  7.98 (s, 1 H), 7.72 (s, 1 H), 6.42 (s, 1 H), 5.85 (brs, 1
H), 4.08 (dd, ] = 13.8, 7.0 Hz, 1 H), 3.80-3.37 (m, 4 H), 3.26 (s, 1 H), 1.96-1.74 (m, 2 H),
1.63-1.58 (m, 3 H), 1.46 (s, 9 H), 1.38-1.31(m, 18 H), 1.22 (s, 9 H). 8C NMR (75 MHz,
CDCls) & 172.30, 157.37, 156.31, 152.29, 143.18, 130.56, 109.15, 82.77, 81.24, 79.26, 61.34,
52.48, 34.99, 33.87, 28.90, 28.29, 28.17, 27.45, 26.85, 21.00, 14.15. HRMS calcd for
C31H54N509+, 640.3916[M + H]*; found, 640.3917.

tert-butyl
(25,45)-4-(((Z)-1,3-bis(tert—butoxycarbonyl)-2—-(4-methoxybenzyl)guanidino) me-
thyl)-2—((tert-butoxycarbonyl)amino)-7-hydroxyheptanoate (3)

A solution of 4 (1 g, 1.56 mmol), 4-Methoxybenzylamine (0.42 g, 3.13 mmol) and
N,N-Diisopropylethylamine (2 mL) at 50 °C in 30 mL acetonitrile for 3 h. The solvent was
removed under vacuum, and purified by flash column (ethyl acetate/hexane 60/40) to get
white solid 3 (0.99 g, 89.3%). 'THNMR (300 MHz, CDCls) &: 9.36 (s, 1 H), 7.25 (d, ] = 8.8Hz, 2
H), 6.89 (d, ] = 8.8 Hz, 2 H), 5.05-4.99 (m, 1 H), 4.40-4.31 (m, 2 H), 4.20 (t, ] = 8.0 Hz, 1 H),
3.87-3.81 (m, 1 H), 3.79 (s, 1 H), 3.61-3.49 (m, 3 H), 2.81 (s, 1 H), 1.79 (s, 1 H), 1.65-1.61 (m,
6 H), 1.54-1.52 (m, 18 H), 1.48 (s, 9 H), 1.46 (s, 9 H).HRMS calcd for C36H61N40O10+,
709.4382[M+H]*; found, 709.4385.

4.2. Radiolabeling

[®F]Fluoride was produced from the company of DONGCHENG AMS (Zhuhai,
China) PHARMACEUTICAL with a HM-20 medical cyclotron (Sumitomo, Kyoto, Japan)
as an [®*O]-enriched aqueous solution of ['¥F]fluoride. Solid—phase extraction (SPE) car-
tridges such as Sep-Pak QMA Light and Oasis HLB cartridges were purchased from
Waters (Milford, MA). High performance liquid chromatography (HPLC) was performed
on an Agilent 1260 Infinity II system with different HPLC columns.

The radiosynthesis condition of (25,4S)-["F]FPArg was conducted following our
previous method [19]. [¥F]FDG was purchased by DONGCHENG AMS (Guangdong)
PHARMACEUTICAL.

4.3. Cell Lines and Tumor Models

US7MG cells were obtained from ATCC (Manassas, VA, USA). HS683-Luc cells
transfected with cDNA encoding firefly fluorophore lyase, generously provided by Dr.
Qi Liu’s research group (Peking University Shenzhen Graduate School), and cell lines
were obtained from the Cell Resource Center, Peking Union Medical College (which is
the headquarters of the National Infrastructure of Cell Line Resource, NSTI). Cells were
cultured in DMEM (Gibco) supplemented with 10% fetal bovine serum (PAN) and 1%
penicillin/streptomycin (Gibco, Shanghai, China). The cells were maintained in T-25
culture flasks under humidified incubator conditions (37 °C, 5% CO2) and were routine-
ly passaged at confluence.

Subcutaneous Flank Tumor Model: 5 x 10° U87MG cells in 100 uL PBS were injected
subcutaneously into the dorsal side of the upper forelimb of male nude mice using an
insulin syringe. Mice were imaged or used in biodistribution studies when the tumor
xenografts reached 5-10 mm in diameter.
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Intracranial Tumor Model: mice were sedated with 400 mg/kg of 4% chloral hy-
drate, and a burr hole was made using a cranial drill approximately 2 mm lateral and 1
mm anterior to the intersection of the coronal and sagittal sutures. 3 x 105 HS5683-Luc
cells were injected into the brain using a microsampler at a depth of 3 mm in a volume
of 5 uL. Mice were reared for 28 days and then subjected to bioluminescence imaging
and PET imaging.

4.4. Biodistribution

BALB/c mice and nude mice (male, weight, 15-20 g, 4-6 weeks) were purchased
from Guangdong Yaokang Biotechnology Co., Ltd. (Guangzhou, China). All animal ex-
periments were approved by Animal Experiments and Experimental Animal Welfare
Committee of National Clinical Research Center for Cancer, Cancer Hospital & Shenzhen
Hospital and carried out according to the guidelines of Animal Welfare Act. Approxi-
mately 1.11 MBq (25,4S)4-['*F]FPArg was administrated via tail vein injection in con-
scious animals. Groups of four BALB/c mice were euthanized at 1 and 30 min p.i. or
groups of four nude mice with U87MG tumors were euthanized at 30 min p.i., and or-
gans of interest were collected and weighed in preweighed plastic bags. Activities in the
organs were measured by a WIZARD?2 2480 automatic y—counter (PerkinElmer, Wal-
tham, MA, USA, ~70% efficiency). One-hundred microliters (same volume as injected) of
a 100x dilution of the injected dose as 1% ID was counted under the same treatment.
Standardized uptake values (SUVs) were calculated as the radioactivity concentration in
tissue divided by the ratio of the total administered radioactivity and the animal’s body
weight.

4.5. Cell Uptake, Internalization and Efflux Experiments

HS683-Luc and U87MG cells were plated (2.0 x 105 cells/well) 24 h in the media prior
to ligand incubation. On the day of the experiment, the culture medium was aspirated
and the cells were washed two times with warm PBS (containing 0.90 mM of Ca* and
1.05 mM of Mg?). The (25,45)4-['8F]FPArg or [F]FDG (37 kBg/mL/well) were mixed in
PBS (with Ca?> and Mg?) solution and then added to each well. The cells were incubated
at 37 °C for 5, 30, 60, and 120 min. At the end of the incubation period, the PBS solution
containing the ligands was aspirated and the cells were washed two times with 1 mL of
cold PBS (without Ca* and Mg?). After washing with cold PBS, 1 mL of 1M NaOH was
used to lyse the cells. The lysed cells were collected onto filter paper and counted to-
gether with samples of the incubation dose using a gamma counter. The data was nor-
malized to the percentage uptake of initial dose (ID) relative to cells number of 106 cells
(% ID/1 mio cells).

For internalization experiments, HS683-Luc and U87MG cells were incubated with
(25,4S)4-["sF]FPArg (37 kBg/mL/well) for 60 min at 37 °C. Cellular uptake was terminated
by removing the medium from the cells and washing twice with 1 mL of PBS. Subse-
quently, the cells were incubated with 1 mL of glycine-HCI buffer (1 M, pH 2.2) for 10
min at 37 °C to remove the surface-bound activity. Next, the cells were washed with 2
mL of ice—cold PBS and lysed with 1 mL of lysis buffer to determine the internalized
fraction.

For efflux experiments, the radioactive medium was removed after incubation for
60 min and replaced with non-radioactive medium over time intervals ranging from 0 to
180 min. In all experiments, the cells were washed twice with 1 mL of PBS (pH 7.4) and
subsequently lysed with 1 mL of lysis buffer (1 M NaOH, 0.2% SDS). Radioactivity was
determined using a y—counter and the results are expressed as %ID/1 mio cells. Each
experiment was performed three times with three replicates for each independent ex-
periment.
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4.6. MicroPET-CT Imaging

Dynamic small animal PET-CT imaging studies were conducted with
(25,4S)4-["*F]FPArg similar to that reported previously [19]. All scans were performed on
a dedicated animal PET scanner (Siemens, Erlangen, Germany). Nude mice with US7MG
tumors were used for the imaging studies. A total of 8-11 MBq of activity was injected
intravenously via the lateral tail vein. For nude mice bearing HS 683 tumors, PET images
were collected for 30, 60 and 90 min time points after 8-11 MBq of (25,4S)4—['*F]FPArg or
[F]FDG administration. All animals were sedated with isoflurane anesthesia (2-3%, 1
L/min oxygen) and were then placed on a heating pad in order to maintain body tem-
perature throughout the procedure. The animals were visually monitored for breathing
and any other signs of distress throughout the entire imaging period. The data acquisi-
tion began after an intravenous injection of the tracer. Dynamic scans were conducted
over a period of 120 min. Regions of interest (ROls) were drawn over the tumor and the
major organs on decay—corrected whole-body coronal images were obtained using the
software, Inevon Research Workplace 4.1 (Siemens, Erlangen, Germany).

4.7. Bioluminescence Imaging

Bioluminescence imaging was performed using the IVIS-200 Imaging System
(Xenogen Corporation, Berkeley, CA, USA). Nude mice bearing HS 683-Luc tumors were
anesthetized by inhalation of 2% isofluran. Bioluminescence imaging with reference to
reported methods [54]. Mice were positioned in the special imaging chamber and injected
subcutaneously (dorsal midline) with 150 mg/kg D-luciferin (Acros, Geel, Belgium) in
approximately 200 pL. The luminescent camera was set to 1 min exposure, medium bin-
ning, f/1, blocked excitation filter, and open emission filter. The photographic camera was
set to 0.2 s exposure, medium binning, and /8. The field of view was set at 22.4 cm dis-
tance to image up to 5 mice simultaneously to view plates and tubes. Images were ac-
quired in sequence at 1 min intervals (60 s exposure, no time delay) for 30 min. The in-
tensity of bioluminescence imaging in the luminescent area of the tumor, which is also
described as the region of interest (ROI), was determined by Living Image 3D software
(version 1; Xenogen). Bioluminescence imaging was plotted as photon/sec/m? against
time as an indicator of tumor burden.

4.8. Estimated Human Dosimetry of (25,45)4—['8F]FPArg

Human radiation dosimetry was estimated based on the biodistribution of
(25,4S)4-["*F]FPArg for iv injection in normal male mice (Figure 2a) and nude female
mice bearing MCF-7 tumors [19]. The radiation dose estimates were calculated for hu-
man organs, based on an extrapolation of the animal data to humans using OLINDA
(v.1.0 (2003)/EXM software (Stockholm, Sweden).

5. Conclusions

There are many tumors related to arginine metabolism, but PET tracers for arginine
metabolism have not played their due role so far. This work solves the problem of the
low yield of tracer synthesis by adjusting the sequence of the reaction. The biodistribu-
tion experiments confirmed that the uptake of (25,45)4-['*F]FPArg is low in the brain of
wild type mouse and could be cleared quickly, which provides the possibility for brain
tumor imaging. MicroPET-CT imaging of U87MG tumor-bearing mice further con-
firmed that (25,45)4-["*F]FPArg could label gliomas and has high retention. MicroP-
ET-CT imaging of HS683-Luc glioma-bearing nude mice showed that the tracer was
blood-brain barrier penetrable and could image gliomas with high contrast compared to
[F]FDG. In conclusion, (25,4S)4-['8F]FPArg is expected to be applied in the diagnosis of
glioma, and its clinical translation is in progress.
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