
Molecular imaging of epigenetic regulation mediated by HDACs 4, 5, and 9 

using PET/CT/MRI with 18F-TFAHA in a rat model of human glioma

Maxwell T. Laws1, Robin E. Bonomi1, Swatabdi Kamal1, David Gelovani1, Jeremy Llangieuz1, Vadim Popov1, Shreya Potukutchi1, Xin Lu2, Thomas Mangner2, and Juri G. Gelovani1,3,4

1) Department of Biomedical Engineering; 2) Cyclotron-Radiochemistry and PET Imaging Center; 3) Center for Molecular Medicine & Genetics; 4) Karmanos Cancer Institute, Wayne State University, Detroit, MI

Introduction Summary of Results18F-TFAHA PET/CT/MRI Images Histological Analysis

 Epigenetics could be defined as the study of non-

mutational mechanisms regulating the magnitude of gene

expression.

 Histone deacetylases (HDACs) play a significant role in

regulation of gene expression, and are involved in the

pathogenesis of cancer through modulation of expression

of various genes involved in cellular differentiation,

proliferation, migration, angiogenesis and apoptosis.

 HDACs remove acetyl groups from N-terminal lysines of

histone core proteins (see figure 1), giving the lysine tail

a more positive charge, which causes the N-terminal

lysine to bind stronger to the associated DNA strands.

This process effectively “silences” the genes by hindering

the ability of RNA polymerases to access the DNA.

 HDAC class IIa enzymes interact with proteins involved

in tumorigenesis including: p53, HIF-1a, GATA-1, RUX2,

and PLZF-RARa.

 We have developed 6-(tri-fluoroacetamido)-1-

hexanoicanilide (18F-TFAHA) to allow for quantitative,

non-invasive visualization of HDAC class IIa activity.

 Our previous studies have demonstrated that 18F-TFAHA

is enzymatically cleaved specifically by HDACs class IIa,

predominantly by HDACs 4 and 5.

The objective of this study is to assess and validate

the magnitude of expression-activity of HDAC class

IIa in brain gliomas by non-invasive epigenetic

imaging with PET/CT/MRI and 18F-TFAHA.

Methods
Animal Model:

 NIH-nude male rats (Ntac:NIH-Foxn1rnu, 350-500g; Taconic

Biosciences, NY)

Cell Suspension:

 U87-tdRluc cells genetically modified to express a fusion

reporter protein mRFP and Renilla luciferase were dislodged

using 0.25% Trypsin solution for 2-4 minutes, centrifuged to

obtain the cellular pellet, and resuspended in growth media

sufficient enough to achieve 4x105 cells in 20 µL

Injection Procedure:

 Rats were anesthetized via inhalation of isoflurane (3-5% in

oxygen for induction, 1-3% for maintenance via nose cone)

 The rat was placed into a stereotaxic frame (Kopf, Germany).

A midline incision was made and further exposed until bregma

was identified

 U87-tdRluc cell suspension (4x105 cells in 20 µL) was injected

AP: -1.5, LAT: -4, DV: -6 relative to bregma through a short-

beveled 30-ga needle

 First, 10 µL tumor cell suspension was injected slowly over 10

minutes, then the needle was slowly withdrawn 2 mm and the

remaining 10 µL was injected slowly over 10 minutes

T2-Weighted MRI Imaging

 Images were obtained with a 7T ClinScan MRI system

(Bruker, UK) controlled by Syngo Software (Siemens,

Knoxville, TN)

 Localizer and T2-weighted scans were acquired for each

animal and were processed using Image J software

(Bethesda, MD)

Dynamic MicroPET/CT Imaging

 Animals were injected with 18F-TFAHA (500 µCi/animal, i.v.)

 Dynamic PET images were obtained over 60 minutes,

followed by 2 overlapping frames (5 min each) in order to

obtain a whole body image

 After completion of PET imaging, the animal was transitioned

to the Inveon SPECT/CT scanner (Siemens, Knoxville, TN)

and CT images and 4 overlapping frames (2 min each) were

acquired
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FIGURE 2. Serial PET/CT

coronal images obtained over

time after i.v. administration of
18F-TFAHA. The images were

acquired and binned at 2 minute

increments for the first 10

minutes and 5 minute

increments thereafter. From this

data, static images acquired

between 20-30 minutes post
18F-TFAHA showed the largest

contrast between target to non-

target regions of the brain (in

areas of low HDAC class IIa

expression-activity).

FIGURE 3. Representative

image series of rat bearing

intracerebral U87-dtRluc

xenograft; coronal images (A)

and axial images (B). First row –

T2-weighted MRI images (TE: 38

ms, TR: 3530 ms, resolution:

0.125 x 0.125 mm2 per pixel)

which shows a lesion to the right

cortex. Middle row – overlay with

semi-transparent 18F-TFAHA

PET/CT images, obtained at 20-

30 minutes post injection of

radiotracer, onto T2- weighted

MRI; Bottom row – 18F-TFAHA

PET/CT images. PET/CT images

are color-coded to reference

standard uptake values (SUV).

“*”in coronal image refers to slice

containing bregma.

FIGURE 1. Histone core proteins

DNA wraps around the histone core

proteins and are held in place by the

histone tails. HATs and HDACs control

the tail’s degree of acetylation and thus

availability of the DNA for transcription.

Modified from Marks et al. 2001.

FIGURE 5. Logan plot generated for regions of interest in the tumor-

bearing rat brain following i.v. tail vein injection of 18F-TFAHA. Muscle was

used as reference tissue.
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FIGURE 4. Time activity curves of 18F-TFAHA-derived accumulation in

tumor, contralateral cortex, and muscle, quantified from dynamic PET

images acquired over 60 minutes post i.v. injection of 18T-TFAHA.

*p<0.05 indicates statically significant differences.
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 The localization of 18F-TFAHA-derived radioactivity

corresponded with the localization of tumor as

defined by H&E of brain tissue sections.

 The accumulation of 18F-TFAHA-derived radioactivity

was significantly higher in tumor tissue, as compared

to cortex and muscle, indicating higher expression-

activity product for HDAC IIa enzymes.

The expression of HDACs 4, 5, and 9 in tumor tissue

was confirmed by IHC analysis. HDAC4 expression

was observed predominantly in the cytoplasm,

suggesting that majority of its activity was targeted at

non-histone proteins (i.e. HIF-1α). In contrast,

HDAC5 was localized to the nucleus, suggesting that

majority of its activity was associated with histones

and/or nuclear client proteins. The magnitude of

HDAC5 expression was variable from very high to

low.

The HDAC9 was overexpressed in tumor vascular

endothelium, whereas no HDAC9 expression was

detectable in normal brain microvasculature of the

same region in the contralateral hemisphere.

 The upregulation of expression of HDACs 4, 5, and

9, was observed in the adjacent brain within several

mm of the needle track, as compared to contralateral

hemisphere, which was probably due to intracerebral

injection and brain reaction to the presence of tumor

growth.

The apparent activity of nuclear-localized HDAC5

(and possibly other HDACs) was confirmed by

presence of large percentage of glioma cells with low

to no acetylation of H2AK5, H2BK5, H3K9, and

H4K8.

-1.1

-0.4

SUV

-1.4

-0.5

Radiance 
(p/sec/cm2/sr)

Luminescence

AXIAL SLICES (1.0 MM STEPS)

DYNAMIC PET/CT IMAGES OF RAT BRAIN WITH 18F-TFAHA

FIGURE 6. Representative tumor sections stained immunohistochemically and counterstained with H&E. Top row – H&E stained

tumor-containing section. (A) Cortical U87-dtRluc lesion with high basophilic (purple) staining. (B) Contralateral cortex. Second row

– Tumor-containing section stained for HDAC4 amino acids 530-631(h) (Santa Cruz, rabbit, 1:50 dilution) with H&E counterstain.

(C) Cortical U87-dtRluc lesion with positive cytoplasmic staining for HDAC4. (D) Contralateral cortex. Third row – Tumor-containing

section stained for HDAC5 amino acids 371-443(h) (Santa Cruz, rabbit, 1:50 dilution) with H&E counterstain. (E) Cortical U87-

dtRluc lesion with positive HDAC5 nuclear staining. (F) Contralateral cortex. Fourth row – Tumor-containing section stained for

HDAC9 amino acids 1-45(h) (Santa Cruz, rabbit, 1:50 dilution) with H&E counterstain. (G) Cortical U87-dtRluc lesion with positive

HDAC9 staining in stromal tissue. (H) Contralateral cortex. Fifth row – Tumor-containing section stained for H2A acetyl-lysine 5

(CST, rabbit, 1:100 dilution). (I) Cortical U87-dtRluc lesion. (J) Contralateral cortex. Sixth row – Tumor-containing section stained

for H2B acetyl-lysine 5 (CST, rabbit, 1:100 dilution). (K) Cortical U87-dtRluc lesion. (L) Contralateral cortex. Seventh row – Tumor-

containing section stained for H3 acetyl-lysine 9 with H&E counterstain (CST, rabbit, 1:500) (M) Cortical U87-dtRluc lesion with

heterogeneous H3 acetyl-lysine 9 staining. (N) Contralateral cortex. Eighth row – Tumor-containing section stained for H4 acetyl-

lysine 8 (CST, rabbit, 1:1500 dilution). (O) Cortical U87-dtRluc lesion. (P) Contralateral cortex.
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Conclusion
U87 gliomas exhibit an higher expression-activity of

HDAC class IIa, as demonstrated by the elevated

accumulation of 18F-TFAHA-dervived radioactivity

and IHC results.

FIGURE 7. Representative BLI overlaid onto T2-weighted MRI. Left – Axial T2-weighted MRI image (TE: 38

ms, TR 3530 ms, resolution 0.125 x 0.125 mm2 per pixel) of U87-dtRluc xenograft with significant midline shift.

Right – BLI images obtained 30 minutes following administration of Coelenterazine (1 mg/kg, i.p.) using an

InVivo Xtreme system (Bruker, UK) and overlaid onto axial MRI.
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