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Idiopathic pulmonary fibrosis is characterized by a progressive and
irreversible respiratory failure. Validated noninvasive methods able
to assess disease activity are essential for prognostic purposes
as well as for the evaluation of emerging antifibrotic treatments.
Methods: C57BL/6 mice were used in a murine model of pulmonary
fibrosis induced by an intratracheal instillation of bleomycin (control
mice were instilled with a saline solution). At different times after
instillation, PET/CT with '8F-FDG- or '8F-4-fluorobenzamido-N-
ethylamino-maleimide ('8F-FBEM)-labeled leukocytes was performed
to assess metabolic activity and leukocyte recruitment, respec-
tively. Results: In bleomycin-treated mice, a higher metabolic ac-
tivity was measured on '8F-FDG PET/CT scans from day 7 to day 24
after instillation, with a peak of activity measured at day 14. Of note,
lung mean standardized uptake values correlated with bleomycin
doses, histologic score of fibrosis, lung hydroxyproline content, and
weight loss. Moreover, during the inflammatory phase of the model
(day 7), but not the fibrotic phase (day 23), bleomycin-treated mice
presented with an enhanced leukocyte recruitment as assessed by
18F-FBEM-labeled leukocyte PET/CT. Autoradiographic analysis of
lung sections and CD45 immunostaining confirm the higher and
early recruitment of leukocytes in bleomycin-treated mice, compared
with control mice. Conclusion: '8F-FDG- and '8F-FBEM-labeled
leukocyte PET/CT enable monitoring of metabolic activity and leuko-
cyte recruitment in a mouse model of pulmonary fibrosis. Implications
for preclinical evaluation of antifibrotic therapy are expected.
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Idiopathic pulmonary fibrosis (IPF) is characterized by a pro-
gressive and irreversible replacement of functional lung paren-
chyma by a fibrous tissue. The prognosis for patients with IPF
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is poor, with a 5-y survival rate worse than in several types of
cancer and a median survival rate between 2 and 5 y (/,2). The
etiology of IPF is unknown, but a role of environmental and
genetic factors is suspected, resulting in repeated injuries of type
II alveolar epithelial cells associated with an abundant and inap-
propriate fibrotic response (/,3-5). Inflammation is present in IPF
lungs but does not seem to play a central role in the physiopa-
thology of the disease as aggressive antiinflammatory therapies
failed to improve IPF patients (6).

The diagnosis of IPF is difficult to establish, and a multidisci-
plinary approach is mandatory based on clinical, biologic, radio-
logic, and histologic data (/). To date, the severity of the disease is
determined by the initial evaluation of symptoms, the level of func-
tional and radiologic abnormalities, and the modifications of these
parameters during a follow-up period in the range of months to
years. Markers of the disease activity would be useful to determine
the prognosis and the individual response of patients to therapeutic
interventions.

A few recent studies evaluated the use of PET techniques in IPF
patients (7-15), mostly with '8F-FDG as a tracer of glucose up-
take and metabolism. These studies showed that lungs from IPF
patients present a clear enhancement of '8F-FDG uptake, with an
excellent short-term reproducibility (//-14). However, it is actu-
ally not known whether '8F-FDG uptake is related to the severity
of the fibrotic process and could be exploited for early assessment
of antifibrotic therapies. By consequence, there is a strong need to
further characterize PET imaging techniques in animal models of
lung fibrosis. These models allow dose-response assessment for
selected fibrotic triggers and direct comparison to histologic and
biochemical ex vivo data. Animal experiments also permit re-
peated evaluation in the course of the pathophysiologic process
and well-controlled testing of therapeutic interventions. Very few
animal data evaluated the use of this technique in models of fi-
brotic lung diseases to date (/6—18). The bleomycin-induced pul-
monary fibrosis model is the most commonly used; it has the
advantage of quickly inducing a strong fibrotic response after only
a single intratracheal injection of bleomycin, beginning around
day 14, with maximal responses generally noted around days
21-28 (19,20). This model also shares several common features
with other types of fibrosis such as radiation-induced pulmonary
fibrosis (27), thus enlarging its application field. However, the
presence of a strong inflammatory reaction over the first week
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(not observed in human IPF patients) is an important difference to
be considered between the murine and the human IPF model.
Applying this animal model for imaging development therefore
requires testing of the respective contributions of inflammatory
and fibrotic reactions to the images produced.

The aim of the present study was therefore to evaluate '8F-
FDG uptake at both the early inflammatory and the later fibrotic
phases of the murine bleomycin-induced pulmonary fibrosis
model. Because '®F-FDG uptake can be related to either the
fibrotic activity or the inflammatory process, we address the
question about the contribution of leukocyte recruitment to
the '8F-FDG signal by a parallel analysis of pulmonary distri-
bution of labeled leukocytes. For leukocyte labeling, we applied
arecently developed method involving a radiolabeled probe, the
18F_4-fluorobenzamido-N-ethylamino-maleimide ('8F-FBEM),
covalently bound to thiol groups present on the cell surface of
leukocytes (22). The relation between different doses of bleo-
mycin, changes in lung collagen content, and level of '3F-FDG
uptake was also studied.

MATERIALS AND METHODS

Mice

Eight- to 10-wk-old C57BL/6 female mice (Charles River) were
used throughout these studies. They were housed and bred in
a specific-pathogen-free—like environment with access to food and
water at will. A minimum of 8 mice in the bleomycin-treated group
and 5 mice in the control group were used for each experiment (n =
174 animals). Some mice were used for both in vivo and ex vivo
experiments. No mice were used for both the 'F-FDG and the la-
beled leukocyte experiments. All procedures were reviewed and ap-
proved by the local committee for animal welfare.

Lung Fibrosis Model

To study the role of PET imaging in pulmonary fibrosis, the
bleomycin model of pulmonary fibrosis was used as previously
described (23). Briefly, mice were instilled with bleomycin (doses
ranging from 0.005 to 0.02 U/60 pwL/mouse; Sanofi Aventis) resus-
pended and diluted in sterile saline solution (0.9% NaCl). All instilla-
tions were performed on mice anesthetized with a mix of 1 mg of
ketamine (Ketalar; Ceva) and 0.2 mg of xylazine (Rompun; Bayer
AG). Control mice were treated with saline. At several times after
instillation, mice were used for PET imaging or sacrificed for further
investigations by exsanguination under deep isoflurane-induced an-
esthesia (4%isoflurane in 1 L/min O,).

Quantitative Assessment of Lung Fibrosis

The Ashcroft score of lung fibrosis was used to assess the amount of
fibrotic tissue (24). Briefly, unlavaged whole lungs were collected,
inflated with 4% paraformaldehyde, and embedded in paraffin. Sec-
tions (7 wm thick) were prepared and stained with Masson trichrome
for light microscopic examination. Fibrotic changes were scored for
each lung by calculating the mean of the fibrotic changes on 5 differ-
ent fields (magnification x10).

Lung total collagen was estimated by measuring hydroxyproline
(OH-proline), a specific component of collagen. Lungs were
homogenized on ice with an Ultra-Turrax T25 homogenizer (Janke
& Kunkel) and stored at —80°C. Whole-lung homogenate was hy-
drolyzed in HCl 6N at 108°C during 24 h, and OH-proline was
quantified by high-performance liquid chromatography. Data were
expressed as micrograms of OH-proline per lung. Cytokine (IL-6)
and chemokine (CCL2) levels were also measured in the supernatant
of lung homogenates using enzyme-linked immunosorbent assays
(R&D Systems).
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PET Imaging and Autoradiography

I8F_.FDG PET/CT Imaging. The metabolic activity related to the
bleomycin-induced pulmonary fibrosis was assessed with '8F-FDG
PET/CT imaging at 7, 14, 24, and 36 d after bleomycin instillation
(0.02 U). In experiments evaluating the relationship between the '3F-
FDG uptake and the dose of bleomycin instilled, PET/CT imaging was
performed at 7 and 14 d after instillation in 4 groups—3 groups were
instilled with bleomycin (0.02, 0.01, and 0.005 U), and a control group
was instilled with saline. Mice were fasted overnight. The '8F-FDG
was synthesized at the PET/Biomedical Cyclotron Unit of the Nuclear
Medicine Department at ULB-Hoépital Erasme. Mice were injected
intravenously (lateral tail vein) with about 3.9 MBq (SD, 0.39) of
I8F-FDG and kept under isoflurane anesthesia for 10 min after in-
jection to limit tracer uptake within skeletal muscle and brown adipose
tissue (25). PET/CT imaging was performed under isoflurane anes-
thesia 60 min after '8F-FDG injection using a preclinical PET/CT
tomograph (nanoPET-CT; Mediso). PET emission images were re-
corded for 15 min in 3-to-1 coincidence mode in normal counting
rate. CT acquisition parameters were 55 kV for a tube current of
145 pA, 1,100 ms per projection, 180 projections per rotation, pitch
of 1, a frame binning of 2 by 2, and a cubic reconstructed voxel size of
212 pm. Scaled CT images were used to obtain CT attenuation-corrected
and scatter-corrected PET images. All PET images were also corrected
for random counts, dead time, and decay. The PET acquisitions were
reconstructed using a fully 3-dimensional iterative ordered-subset
expectation maximization reconstruction algorithm (4 iterations, 6
subsets, intermediate regularization setting, median filtering period
defined from iteration counts). Three-dimensional spheric regions
of interest (12-pixel diameter) were drawn on pulmonary paren-
chyma in the left and right lung using InVivoScope2.0 (inviCRO).
Care was taken not to include voxels close to the heart, which
demonstrated a high '8F-FDG uptake (Supplemental Fig. 1; avail-
able at http://jnm.snmjournals.org). Mean activity within each re-
gion of interest was expressed in Bq/mL and was subsequently
divided by the ratio A, (injected activity decay-corrected at the
start of the PET acquisition [Bq] to animal weight [g]) to provide
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FIGURE 1. Bleomycin model of lung fibrosis. (A) Representative lung
sections stained with Masson trichrome of C57BL/6 mice instilled with
bleomycin (0.02U, upper) or saline solution (NaCl 0.9%, lower).
Yellow arrow indicates honeycombing areas. (B) Lung OH-proline con-
tent at day 24 after instillation (mean + SEM; control, n = 3; bleomycin,
n = 6). Displayed data are representative of 3 independent experiments.
*P < 0.05. Bleo = bleomycin.

THE JOURNAL OF NUCLEAR MEDICINE ¢ Vol. 56 ¢ No. 1 ¢ January 2015


http://jnm.snmjournals.org

wokk
B 1.0 — 1 NaCl 0.9%
ke f
— I Bleomycin
08 [
H
g 0.6
>
= 0.4
0.2
0.0
7 14 24 36

Days after instillation

FIGURE 2. Increased '8F-FDG uptake in bleomycin-treated mice.
Bleomycin (0.02U)- and saline-treated mice were used for in vivo im-
aging by PET/CT scans 1 h after intravenous injection of 3.9 MBq in the
tail. (A) Representative transverse (left) and coronal (right) sections
obtained at day 14 after instillation. (B) Lung SUVean measured 7,
14, 24, and 36 d after administration of NaCl 0.9% (CTL) or bleomycin
(Bleo). Data shown are mean + SEM and result from pooling of 3 in-
dependent experiments (bleomycin groups: n = 16, 17, 12, and 7; con-
trol group: n = 10, 12, 4, and 4 for days 7, 14, 24, and 36, respectively).
(C) Representative autoradiography of OCT-embedded lung sections
obtained at day 14 after instillation. *P < 0.05; ***P < 0.001.

a mean standardized uptake value (SUV ,,). For each mouse, the
SUV pean for right and left lungs were averaged before statistical
analysis was performed.

I8F.FBEM-Radiolabeled Leukocyte PET/CT Imaging. Leukocyte
recruitment was assessed by means of PET/CT imaging of !8F-
FBEM-radiolabeled leukocytes at 7, 14, and 23 d and instillation.
Preparation of '8F-FBEM and its potential for cell labeling have
been previously described (22). No lung retention of free !3F-
FBEM at 1 h after injection was observed in bleomycin-treated
animals ((22); Supplemental Fig. 2). The leukocytes were obtained
from the spleen of C57BL/6 mice, with expected proportions of
lymphocytes, monocytes/macrophages, and neutrophils being
84%, 5%, and 2%, respectively (26). The cells were washed 2
times with Dulbecco phosphate-buffered saline (D-PBS) and
centrifuged for 5 min at 200g. The cell pellet was suspended in
D-PBS at a concentration of 25 x 10° cells per mL. '3F-FBEM was
synthesized at the PET/Biomedical Cyclotron Unit of ULB-
Hopital Erasme. 'SF-FBEM diluted in D-PBS was added to the
cells, with a mean '8F-FBEM activity of 40 MBq for 25 X 10°
cells. After 30-min incubation at 37°C, the leukocytes were washed
3 times with D-PBS and centrifuged for 5 min at 200g, and the pellet
was resuspended in D-PBS. PET/CT was performed 105 min after
the intravenous injection (tail) of 4 million labeled leukocytes (0.5—
2.63 MBq), these conditions having been established after dynamic
acquisitions in preliminary experiments. PET emission images were
recorded for 30 min in 3-to-1 coincidence mode in normal counting
rate. CT acquisition and PET reconstruction parameters, as well as
the region-of-interest-based quantification method, were identical to
those applied for '8F-FDG imaging.
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Autoradiography. Immediately after PET/CT imaging, randomly
selected mice were sacrificed by exsanguination under deep isoflurane-
induced anesthesia. Lungs were collected and inflated with 800 L of
optimum-cutting-temperature (OCT) compound (Sakura Finetek). Lung
samples were thereafter embedded in OCT compound and stored
at —20°C. Frozen lung sections (8 wm) were cut in the sagittal plane
with a cryostat (Shandon Cryotome FSE; Thermo). Numeric autoradio-
graphic images of lung slices were acquired for 2 h with the Micro-
imager M-40 (BiospaceLab).

Statistical Analysis

Significance was determined using the Student ¢ test for single com-
parison or 1- and 2-way ANOVA with Bonferroni post hoc tests for
multiple comparisons using the Prism5 software (GraphPad Software).
For all tests, a P value of less than 0.05 was considered significant.

RESULTS

Significant Pulmonary Fibrosis After Single Administration
of Bleomycin

At 24 d after instillation, bleomycin-treated mice showed
important histologic modifications characterized by marked in-
terstitial, peribronchiolar, and perivascular fibrosis; thickening of
alveolar septa; leukocyte infiltrates; and important architectural
disruption with honeycombing areas (Fig. 1A). At day 24 after
instillation, lung OH-proline content was also determined from
bleomycin- and saline-treated mice to assess their collagen
content. Bleomycin-treated mice showed almost twice higher
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FIGURE 3. Increased presence of '8F-FBEM-labeled leukocytes in

bleomycin-treated lungs. Bleomycin (Bleo)- and saline (CTL)-treated
mice were used for in vivo imaging of leukocyte recruitment by PET/
CT scans 105 min after intravenous injection of 4 million '8F-FBEM-
labeled leukocytes in tail vein. (A) Representative transverse (left) and
coronal (right) sections obtained at day 7 after instillation. (B) Lung
SUVpean measured 7, 14, and 23 d after administration of NaCl 0.9%
or bleomycin. Data shown are mean + SEM and result from pooling of 2
independent experiments (bleomycin groups: n = 18, 17, and 14; con-
trol group: n = 6, 6, and 5 for days 7, 14, and 23, respectively). (C)
Representative autoradiography of OCT-embedded lung sections
obtained at day 7 after instillation. *P < 0.05.
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FIGURE 4. Positive correlation between bleomycin doses and '8F-FDG uptake and pulmonary
fibrosis. Experiments were conducted with doses of bleomycin ranging from 0.005 to 0.02 U. (A)
Representative sections of lungs stained with Masson trichrome (magnification, x20) obtained 21
d after instillation of NaCl 0.9%, bleomycin 0.005 U, bleomycin 0.01 U, and bleomycin 0.02 U. (B)
Ashcroft score of fibrosis was measured at 21 d after instillation of bleomycin or NaCl 0.9% (n = 5
for each group, mean of 5 fields by animal). Lung OH-proline at day 16 after instillation (C) and
lung SUV ean at days 7 and 14 after instillation (D) were assessed in bleomycin (0.02 U, n = 12;
0.01 U, n = 8; 0.005 U, n = 7) or control (n = 4) mice. Displayed data are mean + SEM and
are representative of 2 independent experiments. *P < 0.05; **P < 0.01; **P < 0.001. Bleo =

0.41 = 0.03; P < 0.05) whereas '8F-FDG
uptake became similar between groups at
day 36 after instillation (SUV can, 0.49 £
0.02 vs. 0.53 = 0.03; P = not significant).
The '8F-FDG uptake findings obtained with
PET at the various time points were con-
firmed by autoradiographic analysis per-
formed on lung sections obtained from
control and bleomycin-treated mice show-
ing higher count numbers in the bleomycin-
treated mice than control mice (Fig. 2C;
Supplemental Fig. 3).

Early Increase in Presence of
18F-FBEM-Labeled Leukocytes in
Lungs of Bleomycin-Treated Mice

In parallel to '8F-FDG PET experiments,
the recruitment of leukocytes was investi-
gated during the inflammatory and the fi-
brotic phases of the model. Higher leuko-
cyte recruitment was noticed at day 7 after
bleomycin administration (SUV pean, 0.87 £
0.09 in the bleomycin group, compared with
0.45 £ 0.07 in the control group; P < 0.05)
(Figs. 3A and 3B). At day 14, the difference
became nonsignificant (SUV eay, 0.80 =+
0.09 in the bleomycin group, compared with
0.50 = 0.10 in the control group; P = 0.07)
and, in contrast with the '8F-FDG uptake
data, it totally disappeared at day 23
(SUVnean, 0.47 = 0.07 in the bleomycin
group, compared with 0.48 = 0.09 in the
control group; P = not significant). The
higher leukocyte recruitment observed
with the PET method at 7 d after instilla-
tion was confirmed by autoradiographic
analysis showing higher count numbers
on lung sections from bleomycin-treated
mice than control mice (Fig. 3C). These
data are also in line with analysis of the cellu-

bleomycin; CTL = control.

OH-proline content than control mice (463 * 24 vs. 251 = 54 pg/
lung, respectively, P < 0.05) (Fig. 1B). Altogether, these data
confirmed the induction of a strong fibrotic response in the later
phase of this model and allow its use in further PET experiments.

Increased '8F-FDG Uptake in Bleomycin-Treated Mice
Compared with control mice, bleomycin (0.02 U)-treated mice
showed a significantly higher '8F-FDG uptake starting at day 7 after
instillation (SUV ean, 0.77 = 0.05 vs. 0.50 = 0.02; P < 0.001) and
reaching a peak value at day 14 after instillation (SUV ey, 0.93 *
0.05 vs. 0.51 = 0.02; P < 0.001) (Figs. 2A and 2B). Lung sections
from the computed tomodensitometry showed strong alterations
with important areas of lung consolidations in bleomycin-treated
mice, compared with control mice (Fig. 2A). Moreover, the exam-
ination of the fusion images (PET and tomodensitometry) indicated
that '8F-FDG uptake was mostly noticed in consolidation areas
of the lungs. The higher '3F-FDG uptake in bleomycin-treated
mice was still present at the late fibrotic phase of the disease,
with a significant difference at day 24 (SUV pean, 0.65 = 0.04 vs.
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larity of the bronchoalveolar lavage and lung

CD45 immunostaining performed at several
time points after bleomycin administration (Supplemental Fig. 4).
These data highlight an early recruitment of inflammatory cells (first
neutrophils then macrophages and lymphocytes) and a relative decrease
in these inflammatory cells during the later fibrotic phase of the model
at times when their recruitment, as assessed by 'SF-FBEM-labeled
leukocytes, was similar in the 2 groups (Fig. 3B).

Correlation Between Bleomycin Doses, '®F-FDG Uptake,
Weight Loss, and Pulmonary Fibrosis

We investigated whether different doses of bleomycin could
induce variable degrees of fibrosis and if there was a correlation
between the degree of lung fibrosis and the mean lung standard-
ized uptake values calculated from '8F-FDG PET imaging. Doses
of bleomycin ranging from 0.005 to 0.02 U were used and mice
imaged at days 7 and 14 according to our previous results. These
dose-response experiments showed a positive correlation between
bleomycin dose and degree of fibrosis (assessed by histologic
examination of lung sections and by the related Ashcroft score
of fibrosis) (Figs. 4A and 4B), OH-proline content reflecting collagen
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FIGURE 5. Correlation between '8F-FDG uptake and pulmonary fibro-
sis but not with inflammatory markers. Correlation between marker of
fibrosis (OH-proline) (A), markers of inflammation (IL-6 and CCL2)
assessed in lung at day 16 after administration of different doses of
bleomycin (B), and lung SUV,,ean measured at 7 d (left) and 14 d after
bleomycin administration (right).

synthesis and deposition (Fig. 4C), and weight loss (Supplemental
Fig. 5). Furthermore, at both time points (7 and 14 d after instilla-
tion), '8F-FDG PET imaging showed a strong correlation between
bleomycin dose and lung SUV .., (Fig. 4D). Analysis of the source
of the variance indicated that the bleomycin dose accounted for
48% of the total variance, with a P value of less than 0.0001.
Moreover, when the control group was eliminated, the bleomycin
doses still accounted for 28% of the total variance, with a P value of
0.0034. An important correlation was also found between lung
SUV,ean and OH-proline content (> = 0.68 and 0.40 at days
7 and 14, respectively; P < 0.01) (Fig. SA). Conversely, no corre-
lation was observed between the inflammatory chemokine CCL2,
the cytokine IL-6, and the '8F-FDG uptake at days 7 and 14 after the
bleomycin treatment (Fig. 5B).

DISCUSSION

IPF is a severe disease with an often-fatal outcome. IPF results
from abnormal or uncontrolled lung repair processes and is
characterized by a disorganized and remodeled lung intersti-
tium accompanied by an excessive production of extracellular
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matrix proteins. The end result of this process is an irrevers-
ible loss of lung compliance and impaired gas exchange.
Validated noninvasive methods able to assess disease activity
are essential for prognostic purpose as well as for the
evaluation of emerging antifibrotic treatments. Presently, no
functional imaging technique or biomarker allows noninva-
sive, precise, and immediate evaluation of disease activity and
severity. Therefore, the aim of this study was to investigate the
utility of '8F-FDG to assess metabolic activity in an animal
model of lung fibrosis. In the well-characterized bleomycin
model we used, after a neutrophilic and lymphocytic alveolitis
occurring within the first week of the toxic insult to the alve-
olar epithelium, inflammatory cells were cleared, fibroblasts
proliferated, and extracellular matrix was synthesized in ex-
cess (19,20). Fibrosis was detected biochemically and histo-
logically by day 14, with maximal responses noted around
days 21-28.

Our results demonstrate that '8F-FDG uptake increases early
during the inflammatory phase of the disease and persists in the
later fibrotic phase. These results are in line with data from the
only previous animal '8F-FDG PET study on lung fibrosis,
performed in a rabbit model of this condition (/6). In their
study, Jones et al. showed a peak of '8F-FDG uptake 28 h after
instillation of bleomycin correlating at the inflammatory phase
of the disease with recruitment of lung neutrophils. Then, the
BE-FDG uptake slowly decreased but remained significantly
high up to 30 d after the bleomycin treatment (/6).

To evaluate to what extent the inflammatory burst partici-
pated in the enhanced '8F-FDG uptake, we have compared the
kinetics of '8F-FDG- and '8F-FBEM-radiolabeled leukocyte
pulmonary uptake. Our data demonstrate an early increase in
leukocyte recruitment and a return to normal values in the fibrotic
phase of the disease, contrasting with the prolonged increase in
I8F.FDG uptake. These imaging data are in line with the model
description (/9) and confirmed by our bronchoalveolar lavage
cytologic and lung immunohistologic data. We then concluded that
the early increase in '®F-FDG uptake was likely related to the early
recruitment of leukocytes and associated inflammation.

Conversely, on the basis of the '8F-FBEM-radiolabeled leu-
kocyte findings, the persistence of a high '3F-FDG uptake in the
fibrotic phase of the model is not explained by an active recruit-
ment of leukocytes. We hypothesized, therefore, that it rather
reflected the fibrotic process itself, even if a minor contribution
of a residual inflammatory activity remained plausible. This in-
terpretation is supported by experiments with varying doses of
bleomycin. These show a strong positive correlation between
IBE-FDG lung uptake and OH-proline content, a biochemical
marker of synthesis and deposition of collagen. Such a correlation
is not observed between '|F-FDG uptake and inflammatory
cytokines and chemokines. Consistent with our findings, human
I8F.FDG PET/CT data have demonstrated that the sites of max-
imal '8F-FDG uptake in IPF correspond to CT changes, with
predominant reticulation and honeycombing, which are classi-
cally associated with fibrotic changes, rather than with ground-
glass opacities, more classically associated with inflammatory
changes (/7). From a cellular point of view, the late '8F-FDG
uptake probably results from a high glucose consumption in
proliferating fibroblasts or collagen-producing myofibroblasts.
Interestingly, such an effect has been evidenced in tumor-
associated fibroblasts, with an increase in hydrogen peroxide con-
centration in the tumor microenvironment driving the enhanced
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glucose uptake by fibroblasts under oxidative stress (27). Recent
studies have emphasized the role of the oxidative stress as a key
player in the establishment and progression of pulmonary fibrosis
in animal models and possibly in human IPF (28,29). Therefore,
I8F-FDG uptake in these conditions might actually reflect the
pathophysiologic process engaged. In 1 previous report, it has
been suggested that '8F-FDG uptake in human IPF could result
from a relative increase in pulmonary blood volume, because
erythrocytes express glucose transporter type 1 (/0). This hypoth-
esis seems unlikely in our model because '8F-FDG uptake is clearly
demonstrated on autoradiographic images of exsanguinated lungs.

CONCLUSION

Our data strongly suggest that '8F-FDG uptake is related to the
fibrotic process of interest in an animal model of lung fibrosis.
Still, in the early phase of the model, inflammation probably
affects the PET/CT results.

These findings position '3F-FDG PET imaging as a potential
method for the noninvasive evaluation of disease activity in IPF
and other forms of fibrosis. '3F-FDG PET emerges as a promis-
ing tool to select patients for therapeutic interventions and to
assess response to therapy. Further animal studies and clinical
trials are necessary to validate this application of '3F-FDG
PET/CT.
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