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Abstract

Background: Neuroendocrine tumors (NETs) are found throughout the body, including the 

pancreas (pNETs). These tumors are phenotypically and genetically heterogeneous, and can be 

difficult to accurately image using current imaging standards. However, PET/CT with radiolabeled 

somatostatin analogs has shown clinical success, as many NETs overexpress somatostatin 

receptor subtype 2 (SSTR2). Unfortunately, patients with poorly-differentiated NETs often have a 

diminished level of SSTR2. We found that histone deacetylase inhibitors (HDAC) inhibitors can 

upregulate the functional expression of SSTR2.

Methods: We evaluated the effect of HDAC inhibitors on SSTR2 expression at the mRNA 

and protein level in NET cell lines. The effect of HDAC inhibitors on surface-SSTR2 was also 

investigated by fluorescence-activated cell sorting (FACS) analysis. Changes in SSTR2 expression 

in NET xenografts after treatment were imaged using Ga68-DOTATATE PET/CT.

Results: The functional increase of SSTR2 in NETs after HDAC inhibitor treatment was 

confirmed through in vitro experiments and small animal Ga68-DOTATATE PET/CT imaging. 

HDAC inhibitors increased SSTR2 transcription and protein expression in NET cell lines. Small 

animal Ga68-DOTATATE PET/CT imaging confirmed the enhancement of radiopeptide uptake 

after HDAC inhibitor administration.

Conclusions: This study demonstrates a new method to potentially improve imaging and 

treatments that target SSTR2 in NETs.

INTRODUCTION:

Neuroendocrine tumors encompass a group of hormone-secreting neoplasms found in 

various sites throughout the body. Although rare, poorly-differentiated neuroendocrine 

tumors (NETs) are particularly lethal with ineffective treatment options Pancreatic 

neuroendocrine tumors (pNETs) are a subtype of neuroendocrine tumors that originate 

from endocrine cells of the pancreas and can present as well-differentiated tumors, poorly­

differentiated tumors, functional hormone-secreting tumors, or non-functional asymptomatic 

tumors.1,2 Globally, the incidence of NETs is steadily increasing with a fivefold increase in 

the United States over the past thirty years, potentially due to improved cancer screening.2,3 

Unfortunately, there has been no improvement in the 5-year overall survival of patients with 

unresectable disease.3,4

Across all subtypes of neuroendocrine cancer, imaging is a critical component in tumor 

evaluation, detection, and staging. Computed tomography (CT) and positron emission 

tomography (PET) using various tracers are available to pNET patients, but with limitations 

arising from the functional differences between well-differentiated and poorly-differentiated 

tumors. Two commonly used tracers for neuroendocrine tumor PET imaging include either 

F-18-fluorodeoxyglucose (F18 FDG) or somatostatin receptor (SST) analogs radiolabeled 

with Ga-68, such as Ga68-DOTATATE, Ga68-DOTATOC, or Ga68-DOTANOC.5 F18-FDG 

has shown higher uptake in poorly-differentiated NETs compared to well-differentiated 

NETs, but remains insufficient for detection and staging.5 Grade 1 and grade 2 NETs 

are often slow growing with low metabolic activity, therefore F18-FDG is not highly 

concentrated.5 Aside from F18-FDG, Ga68-DOTATATE is an increasingly used tracer for 
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NET evaluation based on the high expression of somatostatin receptors in these tumors, 

with DOTATATE binding with the greatest affinity to somatostatin receptor type 2 (SSTR2). 

SSTR2 is expressed in 50–100% of pNETs, with higher levels seen in well-differentiated 

cases versus poorly-differentiated cases.6 Consequently, the utilization of Ga68-DOTATATE 

in NETs has proven superior, as exemplified by a study with 25 patients showing that 

Ga68-DOTATATE had 96% sensitivity for NETs.5 Although the sensitivity and specificity 

of SSTR2-specific Ga68-DOTATATE PET/CT imaging has shown to be superior over other 

imaging modalities, its clinical utility is hampered by variable SSTR2 expression amongst 

patient. Patients with low SSTR2 expression, are not eligible for SSTR2-based imaging 

modalities or SSTR2-based peptide receptor radionuclide therapy (PRRT).7,8 It has been 

cited that as tumors dedifferentiate, they can no longer concentrate somatostatin analogs, 

likely due to the fact they lose somatostatin receptor expression.5,9 Therefore, the ability 

to reintroduce a high level of functional SSTR2 across all NET patients would allow for 

improved imaging and assessment of tumor burden, as well as SSTR2-targeting therapies.

Recently, several studies have reported an association between the administration of histone 

deacetylase (HDAC) inhibitors and increased SSTR2 expression in various cancer cell lines, 

including pancreatic neuroendocrine cancer cells.1,10,11 Histone deacetylases (HDACs), 

play a significant role in the transcriptional regulation of genes and the post-translational 

modification of proteins.12 HDAC inhibitors are compounds capable of suppressing the 

activity of HDACs by binding to their catalytic cores, which leads to chromatin relaxation 

and thus allowing DNA to be bound by transcription factors.12,13 Currently in the United 

States, the Food and Drug Administration (FDA) has approved four HDAC inhibitors in the 

context of cancer therapy: Vorinostat, Romidepsin, Belinostat, and Panobinostat. Another 

HDAC inhibitor, valproic acid (VPA), is in cancer clinical trials and FDA approved for 

neurological applications.12

In this study, we tested the hypothesis that HDAC inhibitors can upregulate SSTR2 

in pNETs through in vitro experiments and small animal PET/CT imaging using Ga68­

DOTATATE. The success of this study introduces a potential new method for increasing 

the presence of SSTR2 in NET patients with low expression to enable both imaging and 

potential therapies that target SSTR2.

MATERIALS AND METHODS:

All studies described were reviewed and approved by the Institutional Review Board at the 

University of Alabama at Birmingham.

Cell Culture

This study used human pancreatic NET cell lines: BON-1, provided by Dr. Mark Hellmich 

(The University of Texas Medical Branch at Galveston) and QGP-1 obtained from the 

Japanese Collection of Research Bioresources Cell Bank (JCRBC). BON-1 cells were 

derived from a peripancreatic lymph node in a patient with metastatic pancreatic cancer and 

established by Evers et al.14–15 BON-1 cells were maintained in glutamine (+) DMEM:F-12 

medium (Invitrogen Life Technologies, Carlsbad, CA) supplemented with 10% fetal bovine 

serum, 100 IU/mL penicillin, and 100 μg/mL streptomycin. QGP-1 cells were derived from 

Guenter et al. Page 3

Surgery. Author manuscript; available in PMC 2021 September 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



a primary pancreatic tumor and established by Kaku et al.16 QGP-1 cells were maintained in 

glutamine (+) RPMI-1640 medium (Invitrogen Life Technologies, Carlsbad, CA) with 10% 

fetal bovine serum, 100 IU/mL penicillin, and 100 μg/mL streptomycin. The MIA PaCa-2 

and PANC1 cell lines, both derived from pancreatic ductal adenocarcinomas, were obtained 

from ATCC and were maintained as described by Gradiz et al.17 The human embryonic 

kidney cell line HEK293, obtained from ATCC, were grown in DMEM medium (Invitrogen 

Life Technologies, Carlsbad, CA) supplemented with 10% fetal bovine serum, 100 IU/mL 

penicillin, and 100 μg/mL streptomycin. All cell lines were grown at 37°C and in the 

presence of humidity and 5% CO2.

Compounds

The HDAC inhibitors FK228 (romidepsin), SAHA (suberoylanilide hydroxamic acid), and 

VPA (2‐propylpentanoic acid) were purchased from Sigma‐Aldrich. The Cheng laboratory 

provided Thailandepsin-A (TDP-A), an analog of FK228, and the Tang laboratory provided 

AB3.18,19 All compounds were dissolved in dimethyl sulfoxide (DMSO, Sigma-Aldrich, St. 

Louis, MO), and stored at −20°C. The varying concentrations of each HDAC inhibitor used 

throughout this study are based on previously published data.19

Real Time Quantitative PCR

To isolate RNA the RNeasy Plus Mini kit (Qiagen) was used. The concentrations 

of RNA were determined by NanoDrop 1000 spectrophotometer (Thermo Scientific). 

Complementary DNA was synthesized from 2μg of total RNA using iScript cDNA Synthesis 

Kit (Bio-Rad). Real-time quantitative PCR (RT-qPCR) was performed in triplicate on CFX 

Connect Real-Time PCR Detection System (Bio-Rad). The PCR primer sequences for the 

SSTR2 forward primer: 5’GAG AAG AAG GTC ACC CGA ATG G 3’; the SSTR2 reverse 

primer: 5’ TTG TCC TGC TTA CTG TCA CTC CGC 3’; the GAPDH forward primer: 

5’ ACC TGC CAA ATA TGA TGA C 3’; and the GAPDH reverse primer: 5’ ACC TGG 

TGC TCA GTG TAG 3’. Target gene expression was normalized to GAPDH and the ΔΔCt 

method was used to calculate relative gene expression. Error bars show the Standard Error of 

the Mean (SEM).

Western Blot Analysis

The basal expression of SSTR2 was assessed in the cell lines: BON-1, QGP-1, MiPaCa, 

Panc1, and HEK293T. Cells were treated with DMSO as a control or with a HDAC inhibitor. 

Whole cell lysates were quantified by BCA Protein Assay Kit (Thermo Scientific). The 

protein samples were denatured and then resolved by a 4–15% Criterion TGX gradient 

gel (Bio-Rad, Hercules, CA) electrophoresis, transferred onto nitrocellulose membranes 

(Bio-Rad), blocked in milk (1xPBS, 5% dry skim milk, and 0.05% Tween-20) for 1 hour 

at room temperature, and incubated in 5% BSA, 1xPBS with anti-SSTR2 primary antibody 

(Santa Cruz, SSTR2 Antibody (A-8): sc-365502) at a 1:500 dilution overnight at 4°C. 

Secondary antibody (Cell Signaling, anti-mouse HRP linked antibody 1:1000) was applied 

for 2 hours at room temperature. The protein bands were detected by Luminata Crescendo 

Western HRP Substrate (Millipore). GAPDH expression was used as a loading control.
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Flow Cytometry

For the fluorescence-activated cell sorting (FACS) analysis, both BON-1 and HEK293 cell 

lines were treated with either DMSO as a control or 6nM of the HDAC inhibitor FK228 a 

total of 48 continuous hours. After treatment, a concentration of 1×106 cells per replicate 

were stained for 30 minutes at 37°C with 1μg of an anti-SSTR2 antibody (Novus Biologicals 

Cat#MAB4224) labeled with Cy5.5 fluorophore (Lumiprobe). Cells were then resuspended 

in flow buffer (0.5% BSA in sterile PBS) and analyzed using LSRII (LSRII BD Biosciences) 

to detect the presence of Cy5.5 signal via Alexa Fluor 700 laser. Data was analyzed using 

FlowJo V5.0 (TreeStar, Inc.).

Immunohistochemistry

The tissue microarray was prepared by the UAB Research Pathology Core. Biological 

specimens were obtained from the UAB Surgical Oncology Tumor Bank through an IRB 

approved protocol. Slides were rehydrated using xylene and ethanol. Antigen retrieval was 

performed by immersing slides in citrate buffer and placing slides in a pressure cooker for 

10 minutes. SSTR2 was detected using an anti-somatostatin receptor 2 antibody [UMB1] 

- C-terminal (Abcam ab134152) at a 1:200 dilution overnight at 4°C. The next day, an anti­

rabbit biotin labeled secondary antibody (Pierce goat anti-rabbit IgG,#31820) was applied 

to slides for 1 hour at room temperature, followed by 30 minutes of HRP streptavidin 

incubation. Slides were then stained with DAB Chromogen (Dako Liquid DAB+ substrate 

K3468) and counter stained with hematoxylin.

Small Animal Ga68-DOTATATE PET/CT Imaging

Immunocompromised male Nu/Nu mice (Jackson Laboratories, Bar Harbor, ME) were 

subcutaneously injected with BON-1 cells and xenografts developed to a palpable size in 

three weeks. Two groups of mice were imaged before (basal images) and after injection of 

either the vehicle control or the HDAC inhibitor FK228. MicroPET images were acquired 

by tail vein injection of 120 – 140 μCi (4.4 – 5.2 MBq) of Ga68-DOTATATE, which was 

was injected per mouse before and after intra-tumoral injection of FK228. Static scans 

were collected at 30 minutes and 90 minutes post-injection. A dose of 12.5mg/kg FK228 

was administered to mice receiving the HDAC inhibitor treatment, while non-treated mice 

received an equal volume of the dissolution vehicle (10% ethanol, 60% PEG, 30% PBS) 

after the basal microPET images were acquired. Then, mice were imaged again 24 hours 

after vehicle or FK228 injection. PET and CT images were acquired on a Sofie GNEXT 

PET/CT scanner. The CT images were reconstructed using a Modified Feldkamp Algorithm. 

The PET images were reconstructed using a 3D-OSEM (Ordered Subset Expectation 

Maximization) algorithm (24 subsets and 3 iterations), with random, attenuation, and decay 

correction. Regions of interest were drawn and the mean and maximum standard uptake 

values (SUVs) for tumors were determined using the formula: SUV = [(MBq/mL) × (animal 

wt. (g))/injected dose (MBq)].

Statistical Analysis

All statistical analyses were performed using SPSS (IBM Corp. Released 2017. IBM SPSS 

Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp.). Differences between 
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treatments for qPCR were determined through one-way ANOVA followed by a Tukey 

post-hoc test and flow cytometry experiments were analyzed using independent t-tests. Data 

was normally distributed. P values < 0.05 were statistically significant. Error bars show the 

standard error of the mean (SEM).

RESULTS

Variations in Patient SSTR2 Expression limit utility of Ga68-DOTATATE PET/CT

To better understand variations in SSTR2 expression in clinical cases, a tissue microarray 

(TMA) consisting of tissues from 38 different patients with pNETs was stained for SSTR2 

expression. An immunohistochemical analysis revealed that 27 out of 38 (71%) of patients 

with pNETs had detectable SSTR2 expression. Four representative tissues from patients with 

pNETs are shown in Figure 1. Both Patient 1 and 2 have grade 2 pNETs with obvious 

SSTR2 expression as seen by the brown staining in the cytoplasm and on the cell surface. 

Patient 3 also has a grade 2 pNET, but shows no SSTR2 expression. Patient 4, with a grade 

3 pNET, shows minimal cytoplasmic SSTR2 expression. Therefore, this analysis shows that 

patients with grade 2 or grade 3 pNETs can vary in SSTR2 expression.

Changes in SSTR2 gene expression after HDAC inhibitor treatment

A continuous 24-hour treatment with each of the HDAC inhibitors FK228, AB3, SAHA, 

or VPA had a significant effect on SSTR2 mRNA expression, as determined by a one-way 

ANOVA, in both the QGP-1 F(10) = 283.998, p < 0.001 and BON-1 F(8) = 162.586, p < 

0.001 pNET cell lines (Figure 2). QGP-1 cells treated with 6nM FK228 (mean ± SEM, 8.89 

± 0.09, p < 0.001), 3μM AB3 (mean ± SEM, 3.89 ± 0.10, p < 0.001), 3μM SAHA (mean ± 

SEM, 2.50 ± 0.08, p < 0.001), and 4mM VPA (mean ± SEM, 6.05 ± 0.48, p < 0.001) had a 

significantly higher relative fold expression of SSTR2 mRNA when compared to the DMSO 

(control) treatment (mean ± SEM, 1.00 ± 0.01). BON-1 cells treated with 6nM FK228 

(mean ± SEM, 6.10 ± 0.31, p < 0.001), 3μM AB3 (mean ± SEM, 4.86 ± 0.26, p < 0.001), 

3μM SAHA (mean ± SEM, 5.43 ± 0.15, p < 0.001), and 4mM VPA (mean ± SEM, 3.37 ± 

0.03, p < 0.001) had a significantly higher relative fold expression of SSTR2 mRNA when 

compared to the DMSO (control) treatment (mean ± SD, 1.00 ± 0.03). GAPDH was used 

as a housekeeping gene. Tukey post hoc tests were performed for treatment comparisons. 

Graphs show mean ± SEM.

HDAC inhibitor treatment increases SSTR2 protein expression

The basal level of SSTR2 protein expression was compared between two pNET cell lines 

(QGP-1 and BON-1), two pancreatic adenocarcinoma cell lines (MiaPaCa2 and PANC1), 

and a non-cancerous cell line (HEK293T) by western blot analysis (Figure 3A). The pNET 

cell line QGP-1 had higher basal SSTR2 expression than BON-1, thereby QGP-1 could 

represent a patient with a high level SSTR2 expression and BON-1 could be a patient with 

medium to low SSTR2 expression. Changes in the amount of SSTR2 protein expression 

in both QGP-1 and BON-1 cells were assessed using western blotting after a continuous 48­

hour treatment with two different doses of the following HDAC inhibitors: TDP-A, FK228, 

AB3, SAHA, or VPA. There was no evident increase in SSTR2 protein expression after 

treatment with any of the tested HDAC inhibitors in QGP-1 cells (Figure 3B). However, 
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there was an evident increase of SSTR2 expression in BON-1 cells after treatment with 

all HDAC inhibitors (Figure 3C). These results suggest that HDAC inhibitors could likely 

induce SSTR2 expression in cells that have low or medium SSTR2 expression (BON-1), and 

may not have a substantial effect on cells with an existing high basal expression of SSTR2 

(QGP-1).

Detection of a higher density of SSTR2 on cell surfaces

To determine if the observed increased in SSTR2 expression after treatment with various 

HDAC inhibitors applied to the detectable, cell surface expression of SSTR2, fluorescence­

activated cell sorting (FACS) using a fluorescently labeled anti-SSTR2 antibody was 

performed on BON-1 cells. In addition, HEK293 were also analyzed as non-cancerous 

control cell line (Figure 4). Both cell lines were treated continuously for 48-hours with either 

6nM of the HDAC inhibitor FK228 or with DMSO as a control. In BON-1 cells, there 

was a significant increase in the percent of cells that expressed detectable SSTR2 on the 

cell surface after treatment with 6nM FK228 (mean ± SEM, 33.7 ± 0.20, t= −52.788, p < 

0.001), as compared to the DMSO (control) treatment (mean ± SEM, 17.1 ± 0.24) (Figure 

4A). Although the HEK293 cell line showed a significant increase in the percent of cells 

expressing detectable SSTR2 on the cell surface after treatment with 6nM FK228 (mean ± 

SEM, 6.35 ± 0.17, t= −22.725, p < 0.001) when compared to the DMSO (control) treatment 

(mean ± SEM, 3.98 ± 0.07), the overall number of positive cells was 2 to 3 fold lower 

than the BON-1 cell line (Figure 4B). In summary, these results demonstrate that treatment 

with HDAC inhibitors could increase the functional density of SSTR2 on the surface of 

NET cells, indicating the potential for improved binding of Ga68-DOTATATE with PET/CT 

imaging.

Ga68-DOTATATE PET/CT Small Animal Imaging of NET Xenografts

Mice bearing BON-1 xenografts demonstrated improved Ga68-DOTATATE binding after 

HDAC inhibitor administration when imaged using PET/CT (Figure 5). Mice given the 

vehicle control treatment showed a marginal increase in Ga68-DOTATATE uptake (Figure 

5A, C). However, mice treated with the HDAC inhibitor FK228 displayed a significant 

increase in Ga68-DOTATATE binding (Figure 5B, D). The mice that received HDAC 

inhibitor administration had an average increase in the standard uptake value (SUV) of 

2.97 ± 0.68 at 30 minutes after Ga68-DOTATATE injection, which was determined to be 

statistically significant. The increase in SUV was 1.43 ± 0.06 (mean ± SD) 90 minutes after 

Ga68-DOTATATE injection, which was not determined to be statistically significant. The 

group of mice treated with the vehicle control had average SUV increases of only 0.72 ± 

0.10 (mean ± SD) 30 minutes after Ga68-DOTATATE injection and 1.33 ± 0.14 (mean ± 

SD) 90 minutes after Ga68-DOTATATE injection, indicating improved detection of BON-1 

subcutaneous xenografts.

DISCUSSION:

Neuroendocrine tumors (NETs) are a heterogeneous group of neoplasms that can arise 

throughout the body from neuroendocrine cells, with 7% cases being classified as pancreatic 

neuroendocrine tumors (pNETs).8,20 Imaging pNETs is critical as it provides essential 
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information for medical management decisions. PET/CT imaging that utilizes the radiotracer 

Ga68-DOTATATE is highly specific for pNET detection and has therefore improved 

disease burden assessments and patient management.8 The success of this technique can 

be attributed to the specificity of DOTATATE towards somatostatin receptor subtype 2 

(SSTR2), a protein overexpressed on most well-differentiated pNET cell membranes. 

However, patients with pNETs that have little to no SSTR2 expression cannot benefit 

from this technique. Therefore, in this study we aimed to develop a method of increasing, 

or re-expressing, SSTR2 in this patient population. In agreement with other studies, we 

have confirmed that histone deacetylase (HDAC) inhibitors can increase SSTR2 expression 

in pNET cell lines.1,10–11 Our results demonstrate that five different HDAC inhibitors 

(TDP-A, FK228, AB3, SAHA, and VPA) increase SSTR2 expression in pNET cell lines at 

the transcriptional and translational level. The potential mechanism of induction has been 

speculated to involve the activation of Notch1 in the Notch pathway.10,11 The functional 

modulation of SSTR2 on the surface of pNETs was further confirmed by our octreotide 

affinity study and in vivo PET/CT imaging using Ga68-DOTATATE. The substantial 

improvement in Ga68-DOTATATE binding by PET/CT after HDAC inhibitor treatment in 
vivo creates evidence that our method could be translatable to the clinic.

It has been previously reported that the expression of SSTR2 correlates with a positive 

clinical outcome for patients diagnosed with pNETs.21,22 In addition to enabling the use 

of Ga68-DOTATATE PET/CT imaging, patients with increased SSTR2 expression could 

also become eligible for treatment with peptide receptor radionuclide therapy (PRRT). The 

upregulation, or re-expression, of SSTR2 in pNETs by HDAC inhibitors has the potential to 

broaden not only imaging, but also the treatment options for patients.

Consistent with previously published data, the TMA analysis included in this study shows 

that 29% of pNET patients did not have detectable SSTR2. However, only one patient 

sample on the TMA represented a poorly differentiated pNET because this type of tumor 

is not commonly resected and therefore tissue is not available to be included on a TMA. 

The patient tissue from the poorly differentiated pNET did not show SSTR2 expression, 

which may be attributed the lack of cellular differentiation. Furthermore, our in vitro 
studies only used two available pNET cell lines (QGP-1 and BON-1), in which both had 

detectable basal SSTR2 expression, as reported in existing literature.23–25 A pNET cell line 

representing a patient with undetectable SSTR2 expression is not available to the authors’ 

knowledge. Further studies should be done to expand both in vitro and in vivo studies to 

better recapitulate the broad spectrum of SSTR2 expression in patients with pNETs.

The results of this study demonstrate a substantial increase in SSTR2 expression in pNET 

cell lines after the administration of various HDAC inhibitors. This finding suggests that 

the epigenetic upregulation of the surface marker SSTR2 could improve precision medicine 

by potentially enabling the use of Ga68-DOTATATE PET/CT imaging for more patients 

that have been diagnosed with pNETs, in addition to creating a targetable tumor profile for 

PRRT.
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Figure 1: Tissue microarray of pancreatic neuroendocrine tumors.
Variations in SSTR2 expression in four representative samples of pNET tissue from patients. 

Patient 1 and Patient two show evident SSTR2 staining present in the cytoplasm and cell 

membrane. Patient 3 and 4 show weak cytoplasmic or nonexistent SSTR2 staining.
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Figure 2: Upregulation in SSTR2 mRNA Expression.
(A) QGP-1 cells treated with four different HDAC inhibitors (FK228, AB3, SAHA, or 

VPA) showed statistically significant increases in SSTR2 mRNA expression as measured 

by RT-qPCR. (B) BON-1 cells treated with four different HDAC inhibitors (FK228, AB3, 

SAHA, or VPA) also showed statistically significant increases in SSTR2 mRNA expression.
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Figure 3: Changes in SSTR2 protein expression in vitro.
(A) The average basal expression level of SSTR2 in QGP-1 is higher than BON-1. The 

average basal SSTR2 expression in the pancreatic adenocarcinoma cell lines (MiaPaCa2 

and PANC-1) is lower than both pancreatic neuroendocrine tumor cell lines (QGP-1 and 

BON-1). The non-cancerous cell line HEK293 was run as a positive control. (B) Expression 

of SSTR2 in QGP-1 (high basal SSTR2 expression) had a 1.7-fold maximum increase of 

SSTR2 expression with 1mM VPA, whereas (C) BON-1 (low basal SSTR2 expression) had 

7.2-fold maximum increase in SSTR2 expression with 4mM VPA.
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Figure 4: Increase in surface SSTR2 expression determined by FACS.
Treatment with 6nM FK228 showed a significant increase in surface SSTR2 expression in 

(A) BON-1 cells and (B) HEK293 cells.
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Figure 5. BON-1 xenografts showed increased Ga68-DOTATATE uptake after HDAC inhibitor 
(FK228) treatment.
Ga68-DOTATATE uptake was assessed before and after vehicle and HDAC inhibitor 

treatment. Prior to treatment, all mice, pre-vehicle (A) and pre-HDAC inhibitor (B), were 

imaged 30 minutes and 90 minutes after Ga68-DOTATATE administration. Then, the mice 

were treated with either the vehicle or treated with the HDAC inhibitor (FK228). After 

24 hours, post-vehicle (C) and post-HDAC inhibitor (D) treated mice were administered 

Ga68-DOTATATE and imaged at 30 minutes and 90 minutes, respectively. A significant 

increase in the standard uptake value (SUV) of Ga68-DOTATATE uptake was observed after 

30 minutes of Ga68-DOTATATE administration to HDAC inhibitor treated mice. There was 

also a nonsignificant increase in uptake after 90 minutes of Ga68-DOTATATE.
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