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ABSTRACT

Rationale– Currently available imaging techniques have limited specificity for the detection of active

myocardial inflammation. Aluminum fluoride-18-labeled 1,4,7-triazacyclononane-N,N′,N″-triacetic acid

conjugated folate (18F-FOL) is a positron emission tomography (PET) tracer targeting folate receptor β

(FR-β) that is expressed on activated macrophages at sites of inflammation. We evaluated 18F-FOL PET

for the detection of myocardial inflammation in rats with autoimmune myocarditis and studied expression

of FR-β in human cardiac sarcoidosis specimens.

Methods– Myocarditis was induced by immunizing rats (n = 18) with porcine cardiac myosin in complete

Freund’s adjuvant. Control rats (n = 6) were injected with Freund’s adjuvant alone. 18F-FOL was

intravenously injected followed by imaging with a small animal PET/computed tomography (CT) scanner

and autoradiography. Contrast-enhanced high-resolution CT or 2-deoxy-2-18F-fluoro-D-glucose (18F-

FDG) PET images were used for co-registration. Rat tissue sections and myocardial autopsy samples

of 6 patients with cardiac sarcoidosis were studied for macrophages and FR-β.

Results– The myocardium of 10 out of 18 immunized rats showed focal macrophage-rich inflammatory

lesions with FR-β expression occurring mainly in M1-polarized macrophages. PET images showed focal

myocardial 18F-FOL uptake co-localizing with inflammatory lesions (SUVmean, 2.1 ± 1.1), whereas uptake

in the remote myocardium of immunized rats and controls was low (SUVmean, 0.4 ± 0.2 and 0.4 ± 0.1,

respectively; P < 0.01). Ex vivo autoradiography of tissue sections confirmed uptake of 18F-FOL in

myocardial inflammatory lesions. Uptake of 18F-FOL to inflamed myocardium was efficiently blocked by

a non-labeled FR-β ligand folate glucosamine in vivo. The myocardium of patients with cardiac

sarcoidosis showed many FR-β-positive macrophages in inflammatory lesions.

Conclusion– In a rat model of autoimmune myocarditis, 18F-FOL shows specific uptake in inflamed

myocardium containing macrophages expressing FR-β, which were also present in human cardiac

sarcoid lesions. Imaging of FR-β expression is a potential approach for the detection of active myocardial

inflammation.

Key Words: folate receptor; positron emission tomography; myocarditis; experimental autoimmune

myocarditis
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INTRODUCTION

Myocarditis is an inflammatory disease of the heart characterized by myocardial inflammatory lesions

and myocyte necrosis resulting from infection, cardiotoxic agents, or autoimmune diseases such as

sarcoidosis. The clinical sequelae of myocarditis include conduction disturbances, ventricular

arrhythmias, and inflammatory cardiomyopathy defined as myocarditis associated with cardiac

dysfunction (1).

Diagnosis of myocarditis is challenging because of its wide clinical spectrum and nonspecific

presentation. Endomyocardial biopsy is the gold standard for diagnosing myocarditis, but it has low

sensitivity because of the focal nature of the disease (2). Thus, advanced non-invasive cardiac imaging,

including cardiac magnetic resonance (CMR) and positron emission tomography/computed tomography

(PET/CT) with 2-deoxy-2-18F-fluoro-D-glucose (18F-FDG), plays an important role in defining myocardial

abnormalities (2,3).

Although 18F-FDG PET/CT has shown high accuracy for the detection of cardiac inflammation and

provides prognostic information (4,5), incomplete suppression of physiological myocardial 18F-FDG

uptake may impair its diagnostic accuracy (6). Therefore, more specific tracers for the detection of

myocarditis on PET have recently been investigated (7-12).

Folate receptor β (FR-β) is a glycosylphosphatidylinositol-anchored membrane protein expressed on

activated macrophages (13). Expression of FR-β has been found in many inflammatory diseases,

including rheumatoid arthritis, Crohn’s disease, ulcerative colitis, pulmonary disease, interstitial

pneumonia, systemic lupus erythematosus, psoriasis, scleroderma, sarcoidosis, atherosclerosis, and

myocardial infarction (13-16). Radiolabeled folate derivatives have been used to assess FR-β-positive

activated macrophages at the site of inflammation, thereby suggesting FR-β as a potential target for

diagnosis of inflammatory diseases (13,15). However, the feasibility of FR-β targeted imaging has not

been studied in myocarditis.

We evaluated the feasibility of the recently developed FR-β targeting radiotracer aluminum fluoride-18-

labeled 1,4,7-triazacyclononane-N,N′,N″-triacetic acid conjugated folate (18F-FOL) (15) for PET imaging
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of myocardial inflammation in a rat model of autoimmune myocarditis. Myocarditis was induced by

immunization of rats with cardiac myosin in complete Freund’s adjuvant. Myocardial uptake of 18F-FOL

was evaluated using small animal PET/CT imaging and ex vivo autoradiography. Expression of FR-β in

myocardial inflammatory lesions was studied in rat hearts and in human cardiac sarcoidosis specimens.

METHODS

Animal Model and Study Protocol

Autoimmune myocarditis was induced as previously described (17,18). Briefly, male Lewis rats received

subcutaneous injections of 5 mg/mL pig cardiac myosin (M0531; Sigma Aldrich) in an equal volume of

complete Freund’s adjuvant supplemented with 1 mg/mL mycobacterium tuberculosis (F5881; Sigma

Aldrich), with two injections being given 7 days apart, either into the footpad or the hock of the left foot.

To enhance immunization after the hock injection, the rats also received an intraperitoneal injection of

250 ng/mL pertussis toxin (P2980; Sigma Aldrich). Control rats were injected with the adjuvant alone.

All procedures were performed under isoflurane anesthesia, with buprenorphine (0.03 mg/kg) being

administered for analgesia two times/day for 2 days after immunization. A flow diagram of the study

protocol and numbers of rats is shown in Fig. 1.

On day 21 after the first immunization, the rats underwent PET imaging with 18F-FOL. Either contrast-

enhanced CT or 18F-FDG PET imaging was performed for localization of the myocardium. Following

PET imaging, the rats were euthanized at 100 min after injection of 18F-FOL, blood was drawn by cardiac

puncture, and various organs including the heart were excised, weighed, and measured for radioactivity

using a gamma counter (Triathler 3”; Hidex) for analysis of tracer biodistribution (15). The left ventricle

(LV) was prepared and either embedded in optimal cutting temperature compound and frozen, or fixed

in 10% formaldehyde and embedded in paraffin. The LVs were cut into serial transverse 20 µm and 8

µm cryosections, or 4 µm paraffin-embedded sections at 1 mm intervals from base to apex for

autoradiography, histology, and immunostainings.

All animal experiments were approved by the national Animal Experiment Board in Finland and the

Regional State Administrative Agency for Southern Finland, and were conducted in accordance with the

relevant European Union directive.



This research was originally published in JNM. Arghavan Jahandideh, Sauli Uotila, Mia Ståhle, Jenni Virta, Xiang-Guo Li, Ville Kytö, Päivi Marjamäki, Heidi 
Liljenbäck, Pekka Taimen, Vesa Oikonen, Jukka Lehtonen, Mikko I. Mäyranpää, Qingshou Chen, Philip S. Low, Juhani Knuuti, Anne Roivainen, Antti Saraste.
Folate Receptor β Targeted PET Imaging of Macrophages in Autoimmune Myocarditis. J Nucl Med. 2020. © SNMMI. 
https://dx.doi.org/10.2967/jnumed.119.241356

5

Human Tissue Samples

Myocardial samples from five patients who died of cardiac sarcoidosis and one heart explanted due to

sarcoidosis described earlier (19) were cut into serial 4 μm paraffin sections. Sections were

immunohistochemically stained with an anti-CD68 antibody to detect macrophages and with an anti-FR-

β antibody to study localization of FR-β. Double immunofluorescence staining was performed with an

anti-CD68 antibody and with an anti-FR-β antibody (20). The National Authority for Medicolegal Affairs

and the National Institute for Health and Welfare approved the study of cases from the cause-of-death

registry and the review of postmortem autopsy material (19).

Radiotracer

18F-FOL was prepared according to previously described procedures (15). The total radiosynthesis time

of 18F-FOL was 75–88 min starting from the end of bombardment. The radiochemical purity was >95%

and the molar activity was 34 ± 9.3 GBq/µmol. The radiochemical yields (decay-corrected) were 57% ±

9.2%. In vivo stability of 18F-FOL was studied as previously described (15) in venous blood obtained at

80 min after tracer injection from three controls and four immunized rats. The fraction of radioactivity

related to intact tracer in plasma was 91% ± 2.3%.

In Vivo PET/CT Imaging

18F-FOL in vivo imaging was performed in isoflurane-anesthetized rats using a small animal PET/CT

device (Inveon Multimodality; Siemens Medical Solutions) as previously described (21,22). The rats

were injected with 50 ± 1.5 MBq 18F-FOL via the tail vein. Either a 60 min dynamic PET acquisition (6 ×

10 s, 4 × 60 s, 5 × 300 s, and 3 × 600 s frames) or a 10 min static PET acquisition starting at 30 min

post-injection was performed.

To visualize myocardium, a 40 min static 18F-FDG (50 ± 2.6 MBq) PET acquisition starting at 20 min

post-injection was performed the day before the 18F-FOL study. In addition, 300 μL intravascular

iodinated contrast agent (eXia™ 160XL; Binitio Biomedical Inc.) was injected intravenously, and high-

resolution CT imaging was performed immediately after the 18F-FOL PET as described earlier (21).
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Regions of interest of uniform size were defined in the 18F-FOL images co-registered with CT or 18F-

FDG images using Carimas 2.9 software (Turku PET Centre, Turku, Finland) (21). Regions of interest

were defined at the LV myocardium with or without visually increased 18F-FOL uptake and the mean

standardized uptake value (SUVmean) was compared between histologically inflamed and non-inflamed

myocardial regions defined by consensus of 2 readers who were blinded to other results. Additional

regions of interest were drawn in the liver, lung, kidney, foreleg muscle, inferior vena cava, and LV

(blood radioactivity). Decay-corrected time-activity curves were determined in rats with dynamic

datasets. To estimate the tracer uptake kinetics, Logan, Patlak, and compartmental modeling were

performed, and parametric images were obtained as previously described (21,22).

Ex Vivo Autoradiography, Histology and Immunostainings

To confirm uptake of 18F-FOL in the myocardium, 20 μm cryosections were studied using digital

autoradiography as previously described (21,22). The results are expressed as average photo-

stimulated luminescence per square millimeter (PSL/mm2) in multiple regions of interest drawn in the

histologically inflamed and non-inflamed myocardium. For general histology, 20 μm cryosections were

stained with hematoxylin and eosin. For immunohistochemistry, adjacent serial 4 μm paraffin sections

were stained with an anti-FR-β antibody, an anti-CD3 antibody to detect lymphocytes, and an anti-CD68

antibody to detect macrophages. Additionally, an anti-iNOS antibody and an anti-CD206 antibody were

used to detect pro-inflammatory (M1-polarized) and anti-inflammatory (M2-polarized) macrophages,

respectively. To study the co-localization of FR-β with macrophage subsets, double

immunofluorescence stainings were performed on cryosections. The cryosections were stained with

biotinylated anti-FR-β (20) antibody detected with Streptavidin Alexa Fluor™ 488 conjugate followed by

staining with either anti-CD68, anti-iNOS, or anti-CD206 antibody (Supplemental Table 1).

Effect of Folate Glucosamine on 18F-FOL Uptake

To study the specificity of 18F-FOL uptake, an in vivo blocking study was performed with co-injection of

a 100-fold excess of FR-β ligand folate glucosamine (C25H30N8O10; 100 µL) 10 min prior to 18F-FOL

injection (Fig. 1). To further evaluate the specificity of the tracer, in vitro binding of 18F-FOL in myocardial

tissue sections from 3 immunized rats was studied in the presence or absence of a 100-fold excess of

folate glucosamine as described earlier (14).
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Statistical Analysis

Data are presented as mean ± standard deviation (SD). Paired or non-paired Student’s t-test was

applied to compare normally distributed data. GraphPad Prism 6 was used for the statistical analysis,

and the threshold for statistical significance was set at P<0.05.

RESULTS

FR-β in Rat Autoimmune Myocarditis

Histological analysis of the rat hearts revealed focal cardiac inflammatory lesions in ten (56%) out of 18

immunized rats (six with hock injections and four with footpad injections), whereas no lesions were

identified in the six control rats (Fig. 2).

The inflammatory lesions were mainly present close to the epicardium and showed myocyte necrosis

and dense inflammatory cell infiltration. CD68-positive macrophages were the predominant cell type in

the lesions and consisted of both M1- and M2-polarized macrophages. CD3-positive lymphocytes were

present to a lesser extent. In immunized rats, the myocardium outside the inflammatory lesions

appeared microscopically normal, and CD68 staining was virtually negative. Immunohistochemistry

showed abundant FR-β-positive cells in the lesions, but not in the myocardium outside the lesions (Fig.

2).

Double immunofluorescence staining of inflamed myocardial lesions in the rats revealed co-localization

of FR-β with CD68-positive macrophages, which were mainly M1-polarized (Fig. 3).

FR-β in Cardiac Sarcoidosis

Tissue samples of all patients with cardiac sarcoidosis showed FR-β expression in the inflammatory

lesions that co-localized with CD68-positive macrophages (Fig. 4).

In Vivo PET/CT Imaging of FR-β

In vivo imaging demonstrated clearly visible focal 18F-FOL uptake in the LV myocardium in all rats with

histologically proven inflammatory lesions (n = 7) in this subgroup, whereas there was no myocardial
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tracer uptake in any of the immunized rats without histological inflammation (n = 8) or in the control rats

(n = 6; Fig. 5). Comparisons with histology indicated that 18F-FOL uptake was co-localized with

myocardial inflammatory lesions, whereas non-inflamed myocardium showed very low radioactivity. In

total, there were 15 histologically verified separate inflammatory lesions in the seven rats with

myocarditis that all showed increased 18F-FOL uptake.

Time-activity curves in rats with inflamed lesions showed that 18F-FOL radioactivity was rapidly cleared

from the blood, whereas uptake in myocardial inflammatory lesions and most other tissues remained

constant from 20 min post-injection (Fig. 6). The highest uptake was observed in the kidneys (SUVmean

10.1 ± 4.5) consistent with elimination via the urinary system (Fig. 6).

Fig. 6 shows myocardial 18F-FOL uptake in PET images at 30–40 min after injection. 18F-FOL uptake in

the inflammatory lesions was higher than uptake in the non-inflamed myocardium of immunized rats

(SUVmean 2.1 ± 1.1 vs. 0.4 ± 0.2; P = 0.004), with the ratio of 18F-FOL uptake between inflammatory

lesions and remote myocardium being around 5:1. The myocardial uptake in non-immunized controls

(SUVmean 0.4 ± 0.1) was similar to the non-inflamed myocardium of immunized rats (P = 0.4) and lower

than in inflammatory lesions (P = 0.003). Tissues adjacent to the heart showed lower uptake than

inflammatory lesions, with a SUVmean of 0.3 ± 0.1 in LV blood, 0.3 ± 0.1 in lungs, and 1.2 ± 0.4 in liver.

Among the various kinetic models evaluated, the Logan model showed the best fit to the data

(Supplemental Fig. 1A and 1B, Supplemental Table 2). Logan plots and parametric images of

distribution volume (DV) were consistent with 18F-FOL uptake in the inflamed myocardium

(Supplemental Fig. 1A and 1C). The DV of 18F-FOL was significantly higher in the inflamed than non-

inflamed myocardium (DV, 4.0 ± 1.7 vs. 0.7 ± 0.2; P = 0.004) or the myocardium of control rats (DV, 0.8

± 0.2; P = 0.003; Fig. 6). SUVmean of 18F-FOL at 30−40 min post-injection correlated well with DV

(Supplemental Fig. 2).

Ex Vivo Autoradiography and Biodistribution

Autoradiography showed high uptake of 18F-FOL in the inflammatory lesions of immunized rats, but low

uptake in the non-inflamed myocardium of immunized rats and the myocardium of control rats (Fig. 7A).
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The average uptake of 18F-FOL in inflammatory lesions (470 ± 180 PSL/mm2; n = 7) was 7.8 ± 1.4 folds

higher than in the non-inflamed myocardium of immunized rats (67 ± 43 PSL/mm2; P = 0.0005; n = 7).

The myocardium of control rats showed low activity (39 ± 15 PSL/mm2; P = 0.0002 vs. inflamed lesions;

P = 0.19 vs. non-inflamed myocardium of immunized rats; n = 6; Fig. 7B). Biodistribution of 18F-FOL is

presented in Supplemental Table 3.

Effect of Folate Glucosamine on 18F-FOL Uptake

In vivo blocking of 18F-FOL with a 100-fold excess of folate glucosamine in three immunized rats resulted

in 77% lower 18F-FOL uptake in inflammatory lesions than in rats injected with 18F-FOL only (SUVmean

0.6 ± 0.1 vs. 2.9 ± 0.4; P = 0.02; Fig. 7A). Folate glucosamine also effectively reduced in vitro binding

of 18F-FOL in inflamed myocardium in tissue sections (143 ± 27 vs. 2.4 ± 1.5 PSL/mm2; P<0.0001; n = 3,

Supplemental Fig. 3).

DISCUSSION

We demonstrate that 18F-FOL shows specific uptake in inflamed myocardium in rats with autoimmune

myocarditis. 18F-FOL PET, as well as ex vivo autoradiography, showed high target-to-background ratios

between inflamed lesions and non-inflamed myocardium. In the rat model, inflammatory lesions showed

high densities of macrophages, particularly M1-polarized macrophages expressing FR-β. Furthermore,

macrophages in pathological specimens of human cardiac sarcoid lesions were shown to express FR-

β. Imaging of FR-β expression in inflamed myocardium by 18F-FOL PET is a novel approach for the non-

invasive assessment of myocarditis.

The rat model of autoimmune myocarditis is a well-established experimental model of myocarditis with

similarities to the human giant cell myocarditis leading to inflammatory cardiomyopathy (17,23,24).

Although the exact mechanism underlying myocyte injury in autoimmune myocarditis is not fully

understood, the disease process is thought to be initiated by autoreactive T-cells and macrophages

(17). We studied rats at 21 days after their first immunization because the peak in inflammation in this

model occurs at that time, as shown previously by histology and 18F-FDG PET imaging (24,25). Focal

myocardial inflammatory lesions characterized by myocyte destruction as well as by a high prevalence

of macrophages (both M1- and M2-polarized) and CD3-positive lymphocytes are typical histological
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findings in this model (23,24). We expand on previous studies by providing evidence that FR-β is

expressed and co-localized with M1-polarized macrophages in the rat model of myocarditis.

Furthermore, we demonstrate that macrophages in human cardiac sarcoid lesions express FR-β.

Consistent with previous studies (15), our study indicates that 18F-FOL shows specific uptake in FR-β-

positive macrophages and favourable kinetics for in vivo imaging of inflammation. We demonstrated that

18F-FOL PET is a potential approach for imaging myocarditis providing high target-to-background ratio.

Other approaches, including 11C-methionine-PET (7), 18-kDa translocator protein (TSPO)-targeting PET

(11), fluorine-19-based CMR (26), and 68Ga-NOTA-MSA (mannosylated human serum albumin) PET

(27), have also shown promising results for the detection of autoimmune myocarditis. Compared with

anatomical imaging modalities, molecular imaging has the advantage of more specifically targeting sites

of active inflammation. Although direct comparisons between different tracers are not possible, 18F-FOL

showed an at least comparable contrast between inflamed and non-inflamed myocardium to that

previously described for 18F-FDG (3.4 ± 0.7) or 11C-methionine (2.1 ± 0.2) in the same model (7).

Kinetic modelling using graphical Patlak analysis supports the concept of irreversible 18F-FOL uptake

in inflamed myocardium, which is consistent with a previous study showing internalization of folate

conjugates into endosomes (28). However, the Logan plot showed a better fit to the data, indicating

that 18F-FOL uptake may be partly reversible. The observed reversible component might be due to

incomplete internalization of the 18F-FOL, but this remains to be studied.

There are some limitations to our study. We were unable to directly compare uptake of 18F-FDG and

18F-FOL in inflamed myocardium due to physiological myocardial 18F-FDG uptake. While our results

indicate that FR-β is a potential marker of active myocardial inflammation in both the rat model and

human cardiac sarcoidosis, its role in the pathogenesis of myocarditis remains to be studied. Assessing

18F-FOL uptake in response to therapy remains to be evaluated in models with a reproducible disease

intensity. Notably, FR-β can mediate internalization of folate-linked therapeutic agents into cells (29). A

FR targeted imaging agent has been evaluated for tumor imaging in a human study (30). However,

evaluation of 18F-FOL uptake in human sarcoid lesions was not possible and therefore, a study with a
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tracer approved for clinical use will be needed to test feasibility of imaging FR-β in patients with

sarcoidosis.

CONCLUSION

In a rat model of autoimmune myocarditis, 18F-FOL PET specifically detects inflamed myocardium

containing macrophages expressing FR-β, which are also present in human cardiac sarcoid lesions.

Imaging of FR-β expression is a potential approach for the detection of active myocardial inflammation.
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KEY POINTS

QUESTION: Can folate receptor β (FR-β)–targeted imaging detect myocarditis?

PERTINENT FINDINGS: We evaluated whether 18F-FOL, a positron emission tomography (PET) tracer

targeting FR-β detects rat autoimmune myocarditis. Cardiac inflammatory lesions were detected

histologically in 10 out of 18 immunized rats (56%). PET shows specific 18F-FOL uptake in inflamed

myocardium containing FR-β-expressing macrophages (SUVmean, 2.1 ± 1.1 vs. 0.4 ± 0.2 in non-inflamed
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myocardium; P < 0.01). FR-β expressing macrophages were found in human cardiac sarcoidosis

specimens.

IMPLICATIONS FOR PATIENT CARE: Current imaging techniques have limited specificity for detecting

myocardial inflammation. Imaging of FR-β-expression is a potential approach for specific detection of

active myocardial inflammation.
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FIGURES

FIGURE 1. A flow diagram of the study design and numbers of animals used. Blocking study = in vivo

competition assay with 100-fold molar excess of folate glucosamine injected 10 min before 18F-FOL. n

= number. *Values are mean ± SD. **10 had a static scan and all others a dynamic scan.
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FIGURE 2. An inflammatory myocardial lesion in a rat with autoimmune myocarditis identified by

hematoxylin and eosin (H&E) staining and stained with an antibody against folate receptor β (FR-β),

which is co-localized with CD68-positive macrophages stained with an antibody against CD68.

Scattered CD3 positive lymphocytes are also present. Staining with antibodies against inducible nitric

oxide synthase (iNOS) indicates the presence of M1-polarized macrophages, and to a lesser extent the

presence of M2-polarized macrophages stained with antibodies against CD206.
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FIGURE 3. Localization of folate receptor β (FR-β) in rat autoimmune myocarditis. Double

immunofluorescence staining of sections of an inflamed myocardial lesion from an immunized rat heart

show CD68-positive macrophages, M1-polarized macrophages (iNOS), M2-polarized macrophages

(CD206; red, left panels), and FR-β (green, middle panels). Note the co-localization of FR-β with CD68-

positive macrophages, and the co-localization of M1-polarized macrophages (yellow, right panels) and

an M2-polarized macrophage (white arrows).
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FIGURE 4. Folate receptor β (FR-β) in a human cardiac sarcoid lesion. (A) An inflammatory lesion

identified by hematoxylin and eosin (H&E) staining and stained with antibodies against CD68 positive

macrophages (CD68) and folate receptor β (FR-β). (B) Double immunofluorescence staining with

antibodies against CD68-positive macrophages, (red, right panel) and FR-β (green, left panel) shows

co-localization of FR-β with CD68-positive macrophages (yellow, middle panel).
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FIGURE 5. (A) In vivo PET images with 18F-FDG and 18F-FOL tracers in a rat with autoimmune

myocarditis. PET images at 30-40 min show focal 18F-FOL uptake (white arrows) in the posterior left

ventricle (LV) wall. (B) Uptake is co-localized with an inflamed myocardial lesion in the posterior wall of

the LV, as shown in the histological sections stained with hematoxylin and eosin (H&E) or antibodies

against CD68 (macrophages). (C) A polar map demonstrates 18F-FOL uptake in the posterior wall. 18F-

FOL uptake is low elsewhere in the LV myocardium.
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FIGURE 6. PET imaging of 18F-FOL uptake. Time-activity curves (A and C) from rats with autoimmune

myocarditis (n = 4) show that 18F-FOL uptake (mean standardized uptake value, SUVmean) remains

higher in inflamed myocardium than in remote non-inflamed myocardium or blood (inferior vena cava).

Bars indicate standard deviation. (B) The average myocardial 18F-FOL uptake (SUVmean) 30–40 min

after injection is higher in the inflamed myocardium (n = 7) than in the remote myocardium of immunized

rats (n = 7) or in the myocardium of control rats (n = 6). (D) The distribution volume indicating irreversible

uptake of 18F-FOL is also increased in the inflamed myocardium (n = 4) in comparison with the remote

myocardium of immunized rats (n = 4) or the myocardium of control rats (n = 6). Values are mean ± SD;

unpaired t-tests for comparisons of inflamed and control myocardium, and paired t-tests for comparisons

of inflamed and remote myocardium.
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FIGURE 7. Ex vivo autoradiography of 18F-FOL uptake. Representative left ventricular short axis

sections stained with hematoxylin and eosin (H&E) or antibodies against CD68 on macrophages in a

rat with autoimmune myocarditis (AIM), a control rat and an AIM rat after co-injection with a 100-fold

excess of unlabeled FR-β ligand folate glucosamine. Ex vivo autoradiography shows 18F-FOL uptake

co-localized with inflammatory lesions (black arrows), which is reduced by blocking agent. (B) Bars
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demonstrate 18F-FOL uptake by ex vivo autoradiography as mean photo-stimulated luminescence per

square millimeter (PSL/mm2) in inflamed myocardium (n = 7), remote myocardium of immunized rats (n

= 7), and myocardium of control rats (n = 6). Values are mean ± SD; unpaired t-tests for comparisons

of inflamed and control myocardium, and paired t-tests for comparisons of inflamed and remote

myocardium.


