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[18F]QTFT, a nicotinate-based radiotracer
targeting P2Y12 with satisfactory blood‒brain
barrier (BBB) permeability
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Recently, a novel radiotracer, [18F]QTFT, synthesized by Li’s
group1 and published in Acta Pharmaceutica Sinica B, was
identified as a PET tracer capable of specifically visualize the
anti-inflammatory microglia target P2Y12. Compared to other
probes, it exhibited high binding affinity and superior blood‒
brain barrier (BBB) permeability. Moreover, the authors observed
increased [18F]QTFT uptake in lesions in neuroinflammation
models, and this selective uptake could be disrupted by QTFT
and P2Y12 antagonists. Meanwhile, [18F]QTFT targeted aber-
rantly expressed P2Y12 in anti-inflammatory microglia to visu-
alize brain lesions in models of glioma, epilepsy, and aging.
Interestingly, enhanced [18F]QTFT radioactive signals were
observed in the foci of an epileptic patient during a preliminary
clinical trial. These findings demonstrated that [18F]QTFT, which
targeted P2Y12 overexpressed in anti-inflammatory microglia,
may serve as a novel diagnostic tool for imaging a variety of
brain diseases.

Microglia are widely distributed throughout the brain and are
the main innate immune cells2. They are also the first responders
to pathological damage and are considered to be the main defense
system of the brain3. Additionally, in the central nervous system
(CNS), microglia serve as key regulators of inflammatory re-
sponses4. Traditionally, microglial activation is heterogeneous and
classified into two opposing phenotypes, including M1-phenotype
(neurotoxic) and M2-phenotype (neuroprotective)5,6. It has been
reported that pro-inflammatory M1-microglia are detrimental and

play an important role in disease progression, while anti-
inflammatory M2-microglia contribute to damage repair and
remission7. Therefore, visualizing microglia polarization is crucial
for understanding the progress of diseases.

Positron emission tomography (PET) is widely used to visu-
alize alterations of microglia due to its ultra-high sensitivity8.
Molecular imaging using PET helps monitor the progression of
neuroinflammation9. Some PET tracers have been reported to
visualize pro-inflammatory microglia for a variety of neuro-
inflammatory targets, such as purinergic receptors P2X7, mito-
chondrial 18 kDa translocator protein (TSPO), cyclooxygenase
isoenzymes (COX), and colony-stimulating factor 1 receptor
(CSF1R)10-12. However, these tracers have significant limitations,
including low permeability of the BBB, high non-specific plasma
binding, and difficulties in distinguishing phenotypes, leading to a
low signal-to-noise ratio in final images13. Therefore, there is an
urgent need for the development of PET tracers specifically
designed to image anti-inflammatory microglia.

P2Y receptors (P2YR), a class of seven-transmembrane pro-
teins coupled to G proteins, are activated by extracellular
signaling molecules or nucleotides, which are secreted by
damaged cells or released under ischemic, inflammatory, and
hypoxic conditions14. Based on the structural and similarities
phylogenetic, P2YR could be divided into two subgroups: the
‘P2Y1R-like’ group (coupled to Gq) and the ‘P2Y12R-like’ group
(coupled to Gi)15. Among these, P2Y12 subtype consists of two
potential N-linked glycosylation sites and 342 amino acid
residues16. Furthermore, P2Y12, a metabolic purinoceptor over-
expressed in anti-inflammatory microglia, has been shown to
have phenotypically dependent expression 17. Meanwhile, P2Y12

is a promising biomarker in brain tumors, epilepsy, and Alz-
heimer’s disease18-20. However, the development of PET tracers
selectively target P2Y12 in the brain has been quite limited.

Recently, the authors designed and synthesized four P2Y12

radiotracers, and then found one of the tracers exhibited
favorable computational binding energy with P2Y12 protein by
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using computer-aided design (Fig. 1). Meanwhile, [18F]QTFT
showed strong stability in mice, as no significant release of free
18F or metabolites was observed within 2 h. In the membrane-
binding assay, the binding affinity of [18F]QTFT for the P2Y12

receptor was evaluated, yielding a dissociation constant (Kd) of
14.43 nmol/L. Additionally, the cellular uptake of [18F]QTFT in a
P2Y12-positive glioblastoma cell increased with incubation time
and significantly decreased upon the addition of the P2Y12 in-
hibitor. [18F]QTFT demonstrated effective BBB penetration,
because its endothelial transmission value reached 19.6%. In brain
pharmacokinetics, the peak SUV of [18F]QTFT was 1.77 � 0.27
and the retention level was SUVmean Z 0.69 � 0.11, demon-
strating high brain penetration and accumulation. With a half-life
of 30.57 min, an ex vivo pharmacokinetic research showed that
[18F]QTFT exhibited rapid blood clearance. In a competitive study
using a C6 glioma model that overexpresses P2Y12, they found
that clopidogrel (a P2Y12 inhibitor) significantly inhibited the
uptake of [18F]QTFT by subcutaneous tumors. In summary, [18F]
QTFT showed high brain permeability and selective P2Y12

binding properties, making it suitable for further imaging studies.
Compared with the LPS-induced pro-inflammatory group, the

expression of P2Y12 was higher in the IL-4-induced anti-
inflammatory group, and the PET signal at the lesion site was
also increased, indicating that [18F]QTFT also exhibited good
targeting specificity against P2Y12 in vivo. Similarly, P2Y12 was
upregulated only in the acute phase, but not in the chronic phase,
resulting in higher [18F]QTFT PET signals in the ipsilateral
hippocampus in the acute phase (T/N ratio Z 1.81 � 0.22 at
60 min p.i.), whereas the PET tracer in the latent and chronic
epilepsy showed relatively lower accumulation in brain lesions
(T/N ratio Z 1.14 � 0.05 and 1.12 � 0.03, respectively). Aging

is a significant contributor to neurodegenerative diseases. The
authors also found that P2Y12 expression was reduced in the
aging brain compared to the young mice, which could be visu-
alized using [18F]QTFT, indicating a lower uptake. In glioma
imaging experiments, it was observed that the target-to-normal
(T/N) ratio of the amino acid metabolism imaging agent [18F]
FET (1.17 � 0.02) was lower than that of [18F]QTFT in tumors
(1.47 � 0.01). This finding further demonstrated that [18F]QTFT
could specifically image microglia expressing P2Y12. In a pilot
clinical trial involving patients with temporal lobe epilepsy, it
was found that the signal intensity of dynamic [18F]QTFT PET
imaging was high (SUVmean of epileptic lesions was
1.29 � 0.28). Additionally, [18F]QTFT showed significant
BBB permeability, as indicated by a peak SUV in the lesions
of 2.50 � 1.58. These findings suggested that [18F]QTFT
could be a valuable tool for localizing lesions in patients
with epilepsy and indicated its potential for translational
applications.

In this study, the authors designed and synthesized a series of
P2Y12-specific radiotracers, with the P2Y12 inhibitor AZD1283 as
the lead compound. They retained key binding units, such as the
nicotinate group and the hydrogen bond receptor, which interacted
with Tyr105 and Lys280 of the P2Y12 receptor through hydro-
phobic or pep stacking interactions. Additionally, they selected
QTFT for fluorine-18 radiolabeling to develop a P2Y12-specific
PET probe, which various brain disease models with P2Y12

expression, effectively circumventing P-gp-mediated efflux and
demonstrating significant BBB permeability. However, the study
has certain limitations. High uptake and off-target effects of [18F]
QTFT in the liver may increase the risk of radiation exposure.
Therefore, further optimization is required to enhance its targeting

Figure 1 Design rationale and pharmacological activities of P2Y12 receptor targeting radiotracer [18F]QTFT. The novel PET tracer [18F]QTFT

visualizes lesions in various brain diseases by targeting the P2Y12 receptor, which is specifically expressed in anti-inflammatory microglia.
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and reduce unintended uptake. Furthermore, the study focused
primarily on specific stages of epilepsy, glioma, and aging disease
models. The next step should involve evaluating the imaging
performance of the probe at various stages of disease progression.
Consequently, this study provided a significant reference for im-
aging in neuroinflammation-related brain diseases, and its poten-
tial clinical application should be further explored.
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