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Phosphodiesterase-4 (PDE4), whichmetabolizes the secondmessenger
cyclic adenosine monophosphate (cAMP), has 4 isozymes: PDE4A,
PDE4B, PDE4C, and PDE4D. PDE4B and PDE4D have the highest
expression in the brain and may play a role in the pathophysiology and
treatment of depression and dementia. This study evaluated the proper-
ties of the newly developed PDE4B-selective radioligand 18F-PF-
06445974 in the brains of rodents, monkeys, and humans. Methods:
Three monkeys and 5 healthy human volunteers underwent PET scans
after intravenous injection of 18F-PF-06445974. Brain uptake was
quantified as total distribution volume (VT) using the standard 2-tissue-
compartment model and serial concentrations of parent radioligand in
arterial plasma.Results: 18F-PF-06445974 readily distributed through-
out monkey and human brain and had the highest binding in the thala-
mus. The value of VT was well identified by a 2-tissue-compartment
model but increased by 10% during the terminal portions (40 and
60 min) of the monkey and human scans, respectively, consistent with
radiometabolite accumulation in the brain. The average human VT
values for the whole brain were 9.56 2.4 mL � cm23. Radiochromato-
graphic analyses in knockout mice showed that 2 efflux transporters—
permeability glycoprotein (P-gp) and breast cancer resistance protein
(BCRP)—completely cleared the problematic radiometabolite but also
partially cleared the parent radioligand from the brain. In vitro studies
with the human transporters suggest that the parent radioligand was a
partial substrate for BCRP and, to a lesser extent, for P-gp.Conclusion:
18F-PF-06445974 quantified PDE4B in the human brain with reason-
able, but not complete, success. The gold standard compartmental
method of analyzing brain and plasma data successfully identified the
regional densities of PDE4B, which were widespread and highest in the
thalamus, as expected. Because the radiometabolite-induced error was
only about 10%, the radioligand is, in the opinion of the authors, suitable
to extend to clinical studies.
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Phosphodiesterase type 4 (PDE4) metabolizes and thereby in-
activates the ubiquitous second messenger 39,59-cyclic adenosine
monophosphate (cAMP). PDE4 inhibitors are approved to treat 2
peripheral inflammatory disorders (chronic obstructive pulmonary
disease and psoriasis) and are being explored as treatments for
several neuropsychiatric disorders (1). PDE4 has 4 isozymes:
PDE4A, PDE4B, PDE4C, and PDE4D; of these, the PDE4B and
PDE4D isozymes are highly expressed in the brain and may play
important roles in pathophysiology and treatment. Interestingly, inhi-
bition of the PDE4D isozyme was found to improve cognition in ani-
mals and humans (2), whereas inhibition of the PDE4B isozyme had
antidepressantlike effects in animal models (3). Subtype-selective
inhibitors not only may be useful in treating distinct disorders but
also may avoid the nausea and vomiting associated with nonselective
inhibitors. For example, antidepressant trials of the nonselective
PDE4 inhibitor rolipram were discontinued because of severe nausea
and vomiting.
The search for subtype-selective PDE4 inhibitors has progressed in

parallel with the development of comparable PET radioligands that
can measure subtype density and evaluate whether the therapeutic
candidate crosses the blood–brain barrier and engages the target—that
is, receptor occupancy. Subtype-selective PET radioligands have been
developed for PDE4B (the subject of this article) and PDE4D. How-
ever, the most promising PDE4D radioligand, 11C-T1650, generated
such a significant accumulation of radiometabolites in animal and
human brains that it was not recommended for further study (4). Such
radiometabolites are problematic because quantitation of the target
density is based on the assumption that all radioactivity in the brain is
parent radioligand. If radiometabolites are included in brain signal,
the density of the target will be overestimated.

18F-PF-06445974, a new PET radioligand (Supplemental Fig. 1;
supplemental materials are available at http://jnm.snmjournals.org),
was developed to bind preferentially to PDE4B (5). This ligand
was selected as a candidate on the basis of its in vitro properties
and in vivo performance. In vitro, 18F-PF-06445974 has high affin-
ity (,1 nM) for PDE4B and moderate-to-high selectivity relative
to the other 3 PDE4 subtypes (4.7 nM for PDE4A, 17 nM for
PDE4C, and 36 nM for PDE4D). In vivo, PET imaging of 18F-PF-
06445974 in cynomolgus monkeys showed good brain uptake, a
high percentage of specific (i.e., blockable) binding, and robust
quantitation of enzyme density using arterial input function of
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parent radioligand separated from radiometabolite (5). Because of
successful imaging in monkeys, the ligand was selected for first-in-
human evaluation.

MATERIALS AND METHODS

This study sought to determine whether 18F-PF-06445974 could accu-
rately quantify PDE4B in living human brain. Toward this end, PET
imaging was performed in healthy human volunteers using the gold stan-
dard method of compartmental modeling and serial concentrations of
arterial plasma of parent radioligand separated from radiometabolite.
Five volunteers were studied: 3 at the National Institutes of Health (NIH)
and 2 at the Karolinska Institutet (KI). All participants gave written
informed consent, and the study was approved by the institutional review
boards of the respective institutions. To address the issue of potential
radiometabolite accumulation in the brain, in vivo studies in monkeys
and in vivo and ex vivo studies in rodents were also performed after 18F-
PF-06445974 injection and blockade by nonradioactive PF-06445974. A
detailed description of the methods and the relevant references (6–11)
can be found in the supplemental materials.

RESULTS

Brain Imaging
Uptake in the human brain was widespread (peak whole brain

SUV, �2–3) and highest in the thalamus (Figs. 1 and 2), consis-
tent with the distribution of PDE4B (12). Plasma parent concentra-
tions peaked immediately after injection and rapidly decreased
along a curve that was well-fitted by a triexponential function
(Fig. 2A). Brain activity achieved relatively stable peak values at
15–20 min and washed out slowly thereafter—that is, only 17%
washout from 20 to 120 min.
To quantify the density of the target enzyme in brain regions,

pharmacokinetic modeling was performed using the serial concentra-
tions of the parent radioligand in arterial plasma as the input to the
brain—that is, it was assumed that the brain contains only parent

radioligand and no radiometabolite. The standard 2-tissue-compart-
ment model provided curves that visually fit the measured PET val-
ues in a moderately good to excellent manner (Fig. 2B). Total
distribution volume (VT) (mL � cm23) ranged from 6.4 in the corpus
callosum to 13.3 in the thalamus (Table 1). The variability (SD) of
the VT measurements was quite large and due in part to differences
between the 2 institutions. For example, for the VT (mL � cm-) of
whole brain in the 5 participants reported in Table 1, the NIH values
were generally slightly lower (9.9, 9.9, 5.6) than those of the KI
(10.2, 12.0). We do not know the cause(s) of these institutional dif-
ferences but, in such a small population of participants, they could
be due to chance. The VT in the human brain did not become stable
during the 120-min scan. Instead, VT values increased by approxi-
mately 10% during the last 40 min of the scan (80–120 min;
Fig. 3A). This increase was similar in regions with high and low
binding (Supplemental Fig. 2).
Brain imaging in 3 monkeys (1 rhesus monkey at the NIH and

2 cynomolgus monkeys at the KI) mirrored that in humans, includ-
ing the indirect measure of radiometabolite accumulation. That is,

FIGURE 1. Distribution of radioactivity in the brain of a healthy volunteer
after injection of 18F-PF-06445974 and the participant’s coregistered MRI
scan (top). The PET image displays the mean concentration (conc.) of
radioactivity from 0 to 120 min and is expressed as SUV (bottom). The
highest uptake was in the thalamus, which is marked with cross hairs.

FIGURE 2. Concentration of plasma parent radioligand 18F-PF-0644974
separated from radiometabolite (A) and total radioactivity (B) in whole brain
of 3 healthy human participants. The plasma time–activity curve after peak
was fit to a triexponential curve. The brain time–activity curve was fit to a
2-tissue-compartment model. Concentrations in plasma and brain are
expressed as SUV. Plasma parent is plotted on a log scale, and brain
activity is plotted on a linear scale. Conc.5 concentration.

TABLE 1
Total Distribution Volume (VT) in Brain Regions for 5 Human

Participants

VT (mL � cm23)

Region Mean SD

Whole brain 9.5 2.4

Frontal cortex 9.5 2.6

Cingulate 9.8 3.2

Hippocampus 9.0 2.0

Amygdala 11.2 2.5

Temporal cortex 9.8 2.0

Parietal cortex 9.3 2.7

Occipital cortex 8.9 2.2

Striatum 12.1 2.7

Thalamus 13.3 3.4

Globus pallidus 12.2 5.6

Corpus callosum 6.4 3.8

Insula 10.8 2.7

Cerebellum 10.6 2.2
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VT increased by about 10% during the last 60 min of the scan
(120–180 min; Fig. 3B).

Assessing Radiometabolite Entry into Brain
The number of radiometabolite peaks in plasma varied among

rats, monkeys, and humans, but all radiometabolites were less
lipophilic than the parent radioligand, as shown by eluting earlier
in the reversed-phase high-performance liquid chromatography
(Supplemental Fig. 3). Although less lipophilic, the major radio-
metabolite peak (marked with an asterisk in Supplemental Fig. 3)
eluted close enough to the parent radioligand that it would have
been expected to enter the brain.
To directly determine whether this radiometabolite entered the

brain, 3 rats were euthanized 180 min after radioligand injection,
and radioactivity was extracted from the brain and plasma. Virtu-
ally all (98% 6 2%) radioactivity in brain coeluted with the parent
radioligand, whereas only 32% in plasma was parent radioligand
(Fig. 4). Thus, essentially none of the radiometabolite in rat
plasma at 180 min was present in the brain.
To explain why rat brain had virtually no radiometabolite, brain

uptake was measured in mice with a knockout of both permeability
glycoprotein (P-gp) and breast cancer resistance protein (BCRP), the
2 most prevalent efflux transporters at the blood–brain barrier (13).
Both the parent radioligand and the chromatographically adjacent
radiometabolite were substrates for one or both efflux transporters in
mice (Supplemental Fig. 4). At 120 min after 18F-PF-06445974 injec-
tion, the ratio of parent radioligand in brain to that in plasma was 93
in wild-type mice and 188 in knockout mice (Fig. 5); because the
concentrations in brain and plasma were in the same unit (SUV), the

ratio is unitless. Thus, the brain-to-plasma ratio of parent radioligand
was 2 times higher in knockout mice than in wild-type mice. Because
these ratios of parent radioligand to brain to plasma were so high, this
experiment was repeated in an additional set of 3 animals; similar
results were obtained.
In these same mice at 180 min, the ratio of radiometabolite in

brain to that in plasma was 0.2 in wild-type and 4.0 in knockout
mice (i.e., a 20-fold difference), indicating that knockout of these
2 transporters had about a 10-fold greater effect (20 vs. 2) on the
radiometabolite than on the parent radioligand. This differential
effect on the radiometabolite versus the parent radioligand was
also seen in the percentage composition of radioactivity in the
brain at 120 min. Specifically, the percentage of radiometabolite in
the brain was about 5-fold higher in knockout (8.8%) than in wild-
type (1.8%) mice (Supplemental Table 1).
Because substrate specificity varies between species, avidity was

measured in vitro using cloned human transporters and compared
with known substrates: digoxin for P-gp and prazosin for BCRP.

For BCRP, prazosin had an efflux ratio of
9.2 whereas PF-06445974 had a ratio of 5.9
(Supplemental Table 2), suggesting that
PF-06445974 was a mild/moderate sub-
strate for BCRP. In contrast, PF-06445974
was a far less avid substrate for P-gp; specifi-
cally, digoxin had an efflux ratio of 38.1, and
PF-06445974 had a ratio of only 2.5—that
is, less than 1/15th that for digoxin.
Like all metabolites, radiometabolites are

often pharmacologically inactive by virtue of
low affinity for the target protein. Thus, any
displaceable binding typically reflects parent
radioligand rather than radiometabolite. Non-
radioactive PF-06445974 (0.1 mg/kg intrave-
nously injected 10 min before the radioligand)
blocked almost all radioactivity in rat and

FIGURE 3. The apparent value of total distribution volume (VT) from 5
human participants (A) and 3 monkeys (B). VT values never achieved sta-
bility during the scans. VT values increased linearly by 10% during the last
40 min in humans and also by 10% during the last 60 min in monkeys.

A B

FIGURE 4. Radiochromatograms showing the composition of radioactivity extracted at 180 min
from plasma (A) and brain (B) of a rat injected with 18F-PF-06445974. In plasma (A), parent radioli-
gand (blue peak) comprised 32% of total radioactivity, and the adjacent radiometabolite (peak
marked with an asterisk) was 62%. At the same time, in the brain (B), parent radioligand comprised
99% of total radioactivity, and the adjacent radiometabolite was only 1%.

A B

FIGURE 5. Concentrations of parent radioligand in brain and plasma of
wild-type and efflux transporter knockout mice at 120 min after 18F-PF-
06445974 injection. (A) For the parent radioligand, the ratio of brain-to-
plasma concentration was 93 in wild-type and 188 in mice with a knockout
of both BCRP and P-gp. Thus, the brain-to-plasma ratio of parent radioli-
gand was 2 times higher in knockout mice than in wild-type mice. (B) For the
radiometabolite, the ratio of brain-to-plasma concentration was 0.2 in wild-
type and 4.0 in BCRP and P-gp knockout mice. Thus, the brain-to-plasma
ratio of parent radioligand was 20 times higher in knockout mice than in
wild-type mice. Concentrations are expressed as percent SUV (%SUV).
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monkey brain for the entire duration of the scan (Fig. 6; Supplemental
Fig. 5). For the rhesus monkey, nonradioactive PF-06445974 decreased
SUV10–60 by 92% in the whole brain (Fig. 6). In rats, nonradioactive
PF-06445974 decreased SUV10–180 by 94% in the whole brain (Supple-
mental Fig. 5).
In summary, plasma from rats, monkeys, and humans showed a

range of radiometabolites, all with lower—though sometimes only
slightly lower—lipophilicities than that of 18F-PF-06445974. None
of these radiometabolites was present in rat brain 180 min after
injection. Studies in knockout mice showed that the radiometabolite
(the peaks marked with an asterisk in Fig. 4 and Supplemental
Fig. 3) adjacent to the radioligand was avidly cleared from the brain
by P-gp or BCRP (Supplemental Fig. 4). The monkey studies
showed that 92% of brain radioactivity was blocked by nonradioac-
tive ligand, suggesting that most of the radioactivity in monkey
brain, like that in rats and mice, represented parent radioligand.
Thus, by analogy to rats and monkeys, it is likely that no more than
a small amount of radiometabolite (#10% of total radioactivity)
accumulates in the human brain. However, of particular importance
to the quantitation of enzyme density, the in vitro studies showed
that the parent radioligand is a moderate substrate for human BCRP.

Dosimetry Calculations in Human and Nonhuman Primates
Whole-body imaging in 2 humans and 1 monkey was notable for

early distribution in the blood pool, accumulation in the target organs
(i.e., brain and lung), and excretion via the urinary tract (Supplemen-
tal Fig. 6). For the human volunteers, the 4 organs with the highest
exposure (mSv/MBq) were gallbladder (110 6 75), upper large
intestine (75 6 66), urinary bladder (55 6 5.9), and liver (44 6
8.1). The doses in the 2 humans were 19.6 and 19.3 mSv/MBq,

respectively, which were similar to those extrapolated from monkeys
(16.5 mSv/MBq) (Supplemental Table 3).

DISCUSSION

This study sought to determine whether 18F-PF-06445974 could
accurately quantify PDE4B in human brain. Our results suggest
that this radioligand quantified PDE4B reasonably well, with the
exception that radiometabolite likely accumulated in the brain and
that the radioligand itself may be a substrate for efflux transport
from the brain. Brain uptake was moderately high (peak whole-
brain SUV was 1.5), and its distribution was appropriate for the
target. The PET measurements of enzyme binding (VT) from the
human brain were reasonably well fit to a 2-tissue-compartment
model that assumed input of only the parent radioligand from arte-
rial plasma. The VT value increased by approximately 10% over
the last 60 min of the 120-min scan (Fig. 3), which may have been
caused by radiometabolite accumulation in the brain.
To directly measure radiometabolite, all radioactivity was extracted

from the plasma and brain of rats at 180 min and the components
were separated using radio–high-performance liquid chromatography.
Surprisingly, rat brain contained essentially no radiometabolite, al-
though the plasma had several radiometabolites, one of which eluted
only slightly before the parent radioligand. Knockout of 2 efflux trans-
porters (P-gp and BCRP) in mice showed that the radiometabolite was
avidly cleared from the brain and that the parent radioligand was also
a substrate, but of lower avidity. Thus, either or both efflux transport-
ers had the positive effect of “cleaning up” the brain signal by remov-
ing radiometabolite, but also the negative effect of removing some of
the parent radioligand. In vitro studies using cloned human efflux
transporters showed that PF-06445974 was a moderate substrate for
BCRP and, to a lesser extent, for P-gp. Although these efflux trans-
porters completely cleared radiometabolite from rodent brain, they
likely did so only partially in humans, leading to the accumulation of
the adjacent radiometabolite in human brain, as shown by increasing
values of enzyme density with increasing length of scanning.
Compartmental modeling seeks to measure the specific binding

(VS) of the radioligand for the target and is proportional to receptor
density (Bmax) times the radioligand’s affinity (1/KD). Because the
measurements of PET radioactivity in brain and of parent radioli-
gand in plasma have noise, a substantial number of such measure-
ments are required to converge on a value of specific binding,
often 15–60 min for many brain radioligands. If the density of the
target and the affinity of the radioligand remain constant during
the scan, the converged/well-identified VS value should not change
with increasing scan duration, which will be reflected by the brain
and plasma time–activity curves decreasing at the same rate. In
contrast, in this study, values of total uptake (VT 5 VS 1 VND)
appeared to increase with increasing scan duration.
The 2 most common causes of unstable VT values are slow kinetics

of radioligand binding or the accumulation of radiometabolites in the
brain. The first possible cause, slow kinetics, refers to how long the
radioligand requires to reach equilibrium, which in this case usually
refers to the time of peak radioactivity in brain; note that the term
“peak equilibrium” refers to tissue-to-plasma ratio at the exact time
of peak uptake in the brain, which varies among regions. This peak
equilibrium is distinct from “transient equilibrium” (14), which refers
to the tissue-to-plasma ratio after the time of peak uptake and which
is typically greater than the true VT. As a rule, the brain must be
imaged before, at, and for some time after peak uptake to quantify
the rates of binding and unbinding to the receptor, which themselves

FIGURE 6. (A) PET and coregistered MRI of brain in a rhesus monkey.
The animal was scanned at baseline and after blockade by PF-06445974
(0.1 mg/kg intravenously injected 10 min before radioligand). Because of
prolonged tachycardia (heart rate up to 190 bpm), the blocked scan was
terminated after 75 min. The PET images show mean concentration of
radioactivity SUV from 0 to 70 min. (B) Radioactivity in whole brain after
injection of 18F-PF-06445974. (C) Concentration in arterial plasma of
plasma parent radioligand 18F-PF-06445974 separated from radiometa-
bolite. Because there were so few plasma samples, compartmental
modeling could not generate a reliable measure of enzyme density (total
distribution volume, VT). Measured as average concentration of radioactiv-
ity from 10 to 60 min (SUV10–60), nonradioactive PF-06445974 blocked
92% of radioligand uptake into brain. Conc.5 concentration.
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are components of VT. Here, the time to peak was about 30 min in
monkeys and 20 min in humans, and our scans extended well beyond
the peak (for a total of 180 min in monkeys and 120 min in humans),
suggesting that slow kinetics of radioligand binding are unlikely to
have caused the VT values that increased with scan duration. Instead,
radiometabolite probably accumulated in the human brain. The likely
candidate is the peak marked with an asterisk in Supplemental Figure
3, which has a lipophilicity only slightly lower than that of the parent
radioligand.
It should be noted that being a substrate for efflux transport is

unlikely to increase VT values over time, as it is predicted to have the
opposite result. That is, the effect of efflux transport is to decrease
radioactivity in the brain and, therefore, to decrease the apparent VT.
Nevertheless, the time course of efflux transport of parent ligand and
radiometabolite might change in some unexpected way to contribute
to increasing apparent values of VT.
Taken together, the results suggests that the 2 pharmacologic

limitations of 18F-PF-06445974 for quantifying PDE4B in human
brain are the accumulation of a radiometabolite in the brain and
partial removal of the parent radioligand by the efflux transporter
BCRP. Both pharmacologic limitations will increase the variability
of the measurements between individuals to the extent that individ-
uals differ in metabolism and BCRP function. The severity of these
combined limitations in humans is unknown but, in the opinion of
the authors, would not preclude using this radioligand in clinical
studies. An increase in VT of , 5% during the last hour is consid-
ered excellent, and our rate of 10% in the last 60 min (Fig. 3) is gen-
erally considered acceptable. Notably, this 10% variability mirrors
what might maximally occur based on blockade studies in monkeys
(Fig. 6). That is, nonradioactive PF-06445974 blocked 92% of total
uptake in monkey brain, suggesting that 92% of radioactivity in
brain was parent radioligand; metabolites usually, but not always,
have lower affinity for the target than the parent drug.
Although these 2 limitations will increase the necessary sample

size for a clinical study, we will proceed with use of this radioli-
gand to study clinical disorders such as major depressive disorder
(MDD) for 2 reasons. First, as described earlier, the error/variabil-
ity of these limitations may be only about 10%. Second, PET imag-
ing of PDE4 provides the unique ability to measure the activated
(i.e., phosphorylated) form of PDE4, which is not possible in post-
mortem samples (Fig. 7). Prior studies in this laboratory with 11C-
(R)-rolipram, which binds to all 4 PDE4 subtypes, provide in vivo
support for the notion that cAMP increases radioligand binding via
phosphorylation of PDE4 by protein kinase A (15). This phosphor-
ylation increases enzyme activity as well as the affinity of radioli-
gand binding by about 10-fold (16). Because PDE4 is rapidly
dephosphorylated after death (17), PET is uniquely capable of mea-
suring the active form of PDE4 in living participants.
Evidence from the 1980s and 1990s suggested that rolipram

might be used to treat MDD, and animal models of depression sug-
gested that PDE4B inhibitors might have antidepressant efficacy in
humans (3). In this context, a PET radioligand for PDE4B could
facilitate therapeutic drug development. For instance, we predict that
the current study using a PDE4B-selective radioligand will replicate
results previously obtained with the nonselective radioligand 11C-
(R)-rolipram (18)—namely, that PDE4B binding will be decreased
in unmedicated individuals experiencing a major depressive episode
but still have significant overlap with that in healthy volunteers. If
so, this PDE4B radioligand could be used to identify a subgroup of
MDD patients who would most benefit from PDE4B inhibition,
given that low PDE4 binding implies low cAMP signaling because

of the negative feedback mechanism mediated by protein kinase A.
The cAMP theory of the mechanism of antidepressant treatments
would further suggest that increasing cAMP signaling produces anti-
depressant effects. Thus, those patients with low PDE4B binding
might be most likely to benefit from treatment with a PDE4B inhibi-
tor. Furthermore, numerous animal studies have shown that antide-
pressants of all chemical classes must be administered for several
weeks in order to upregulate the cAMP cascade (19), which mirrors
the therapeutic time course in humans. Because inhibiting PDE4B
would immediately increase cAMP signaling, these antidepressant
effects, if they exist, would occur quickly, meaning that PDE4B
inhibitors may represent a new class of rapid-acting antidepressants.
In short, a PET radioligand for PDE4B may be useful in 2

ways. First, if a PDE4B inhibitor is developed as an antidepressant
medication, the PET radioligand can be used to identify the appro-
priate dose and dosing interval of the therapeutic candidate.
Indeed, PET radioligands have often been used to measure recep-
tor occupancy and guide initial doses in therapeutic trials. Second,
a PDE4B radioligand might identify a subgroup of patients most
likely to respond to a PDE4B inhibitor. This selection of patients
likely to respond has been referred to as patient stratification,
patient enrichment, personalized medicine, and, most recently,
precision medicine. Expressed in other terms, low PDE4B binding
may be a biomarker to predict response to a PDE4B inhibitor.

CONCLUSION

18F-PF-06445974 was able to quantify PDE4B in human brain
with reasonable, but not complete, success. The gold standard
compartmental method of analyzing brain and plasma data suc-
cessfully identified the regional densities of PDE4B, which were
widespread and highest in the thalamus, as expected. Although a
radiometabolite may contaminate the signal in human brain, the
amount is likely small enough (�10%) that the authors plan to use
this radioligand in clinical studies.
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KEY POINTS

QUESTION: Can 18F-PF-06445974 accurately quantify PDE4B in
living human brain?

PERTINENT FINDINGS: 18F-PF-06445974 can accurately
quantify PDE4B, except for the likely presence of a small amount
(probably �10%) of radiometabolite in the brain and the removal
of the radioligand from the brain via an efflux transporter.

IMPLICATIONS FOR PATIENT CARE: These findings have
no direct implications for clinical care. However, a radioligand
selective for PDE4B could measure this target in clinical disorders
and facilitate the development of PDE4B-selective inhibitors as
novel therapeutics.
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