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Abstract

Background—Ligands binding the somatostatin receptor type 2 (SSTR2) are useful for imaging
and treatment of neuroendocrine tumors (NETS), but not all tumors express high levels of these
receptors. The aim of this study was to evaluate gene expression of new therapeutic targets in
NETS relative to SSTR2.

Methods—RNA was extracted from 103 primary small bowel (SBNET) and pancreatic
neuroendocrine tumors (PNET), matched normal tissue, and 123 metastases. Expression of 12
candidate genes was measured by quantitative PCR normalized to internal controls; candidate
gene expression was compared to SSTR2.

Results—Relative to normal tissue, primary NET expression of SSTR2, GPR98, BRS3, GIPR,
GRM1, and OPRK1 were increased by 3, 8, 13, 13, 17, and 20-fold, respectively. Similar changes
were found in metastases. While most candidate genes showed lower absolute expression than
SSTR2, absolute GIPR expression was closest to SSTR2 (mean dCT 3.6 vs. 2.7, p=0.01).
Absolute OPRK1 and OXTR expression varied significantly by primary tumor type and was close
to SSTR2 in SBNETS but not PNETS.

Conclusions—Compared to the current treatment standard SSTR2, GIPR has only somewhat
lower absolute gene expression in tumor tissue but much lower expression in normal tissue,
making it a promising new target for NET imaging and therapy.

Introduction

Small bowel and pancreatic neuroendocrine tumors (NETS) are rare tumors with a combined
incidence of 0.8—1.2 cases per 100,000 per yearl. SBNETs and PNETS together comprise
around half of all gastroenteropancreatic neuroendocrine tumors (GEPNETS), and present
with regional or distant metastasis in 50-85% of cases’: 2. When possible, surgery is
effective for neuroendocrine tumors. Even metastatic NETs can be treated surgically, and
retrospective studies report a survival benefit for resection of primary tumors and
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cytoreduction of liver metastases®—>. Still, most patients undergoing surgery will have
recurrence® and peptide receptor-directed strategies are recommended for most tumors®.

The utility of ligands binding the somatostatin receptor in neuroendocrine tumors has been
long recognized’. Somatostatin analogues such as octreotide ameliorate symptoms, promote
tumor regression or disease stabilization in 50-60% of patients, and are responsible for
improvement in 5-year survival rates* 6 8, Somatostatin receptor scintigraphy (SRS)
imaging with 111In-octreotide®, positron emission tomography with 88Ga-octreotidel® (PET/
CT), and peptide-receptor radionuclide therapy (PRRT) with 20Y- or 177Lu-conjugated
somatostatin analogues are also beneficial to NET patients!l. Theranostic strategies rely on
high expression of the target receptor in the NET with lower receptor expression in
surrounding tissues to provide selective targeting to tumor cells. Five SSTR subtypes
comprise the somatostatin-receptor family19. The most extensively expressed is the
somatostatin type 2 receptor (SSTR2), which is found in 80-95% of GEPNETs!2-15, While
some newer somatostatin analogues show increased affinity for additional SSTR-types such
as SSTRS5, all use SSTR2 as their principal targetl%: 14, Effects of somatostatin analogues are
mediated by anti-secretory activity through SSTR2, induction of apoptosis through SSTR5,
and inhibition of angiogenesis through SSTR36: 13, By targeting these receptors, clinicians
can achieve symptomatic improvement, image tumors, and potentially offer PRRT.

Despite these successes, many tumors do not respond adequately to SSTR2-based therapies.
Somatostatin receptor-based imaging fails to detect primary tumors or nodes in over 25% of
SRS cases, although sensitivity is improved using PET/CT6-18, |_ack of uptake on imaging
excludes patients from trials of PRRTX!, which has reported complete response rates of 28—
38% and disease stabilization in 50% of patients with GEPNETs®: 11, Perhaps most
importantly, even patients who respond to treatment with octreotide develop increasing
resistance to its effects over time1®,

For these reasons, neuroendocrine tumor treatment requires new peptide receptor targets,
which our group set out to identify using our collection of neuroendocrine tumor tissues.
Our initial studies used exon and G-protein-coupled receptor (GPCR) microarrays to
measure gene expression of many potential targets in a small number of tissue samples'®. Of
six genes selected for expression testing in additional tissue samples, the oxytocin receptor
(OXTR) emerged as a strong candidate due to its dramatically elevated expression (15-90
fold) in tumor compared to normal tissuesZ0. We set out to define additional receptor targets
and compare their expression to the current standard for imaging and treatment, SSTR2,
using an expanded 12-gene panel in a large set of GEPNETSs and their metastases.

Since 2005, patients undergoing surgery for small bowel (SBNETS) and pancreatic NETs
(PNETS) were enrolled under an IRB-approved protocol and provided informed consent. At
surgery, tumor and corresponding normal tissues, involved lymph nodes, and liver
metastases were collected and preserved in RNALater solution (Life Technologies, Grand
Island, NY). Clinical correlations used our Neuroendocrine Tumor Registry Database, as
described?8.

Selection of targets

Six target genes, ADORAL, SCTR, GPR113, MEP1B, MUC13, and OXTR were selected as
previously described!® 20 (Table 1). GPCR microarray expression data were reanalyzed
with normalization to POLR2A and GAPDH internal controls and gene expression in
tumors was compared to normal tissues!®. Six new targets, BRS3, DRD1, GIPR, GPR98,
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GRM1, and OPRK1 were selected based on high tumor expression relative to normal
tissues, and also high expression relative to internal controls. All samples were then tested
against the full 12-gene panel, SSTR2, and internal controls.

Gene expression was measured by quantitative PCR (qPCR) as described1?: 20, Briefly, total
RNA was isolated from tissue harvested at surgery by the Trizol method (Life
Technologies), and cDNA was prepared by reverse transcription. Tagman reagents and
primers for target genes were obtained from Life Technologies (Table 1), and expression
was measured in triplicate by gPCR on a StepOne-Plus RT-PCR System and a 384-well
7900 HT-Fast RT-PCR System (Applied Biosystems, Grand Island, NY). Gene expression
in each tissue sample was determined by mean threshold cycle (Ct) normalized to average
Ct of GAPDH and POLR2A internal controls. This gives the dCT, which is gene expression
normalized to internal controls on a logarithmic scale. Expression relative to corresponding
normal tissue (the ddCT) of tumors and metastases was computed by subtracting the dCT of
tumor or metastatic tissue from the dCT of corresponding normal tissue. Fold-change
relative to normal is given by 2(-ddCT),

Welch’s two-sided t-test compared mean dCTs and ddCTs, and Fisher Exact test compared
categorical variables. Multiple comparisons were p-value adjusted using the false discovery
rate correction with significance set at p<0.01. All statistics used R v.2.15.2 (Vienna,
Austria).

Gene Expression Relative to Normal Tissue

Reasoning that for clinical utility a new target gene should have higher expression in tumor
than normal tissue, gene expression was measured in 56 primary SBNETSs (with 53 nodal
and 32 liver metastases) and 47 PNETs (with 20 nodal and 18 liver metastases), as well as
their corresponding normal tissues. Five of six new gene targets selected based on high
expression in pilot experiments (n=26 primary tumors) showed high expression in this larger
set of samples. Mean expression of BRS3, GIPR, GPR98, GRM1, and OPRK1 was
significantly higher in primary tumors compared to normal tissues with measured mean
ddCTs corresponding to 13, 13, 7.5, 17.1, and 19.7-fold increases, respectively (Table 2,
Figure 1, p<0.0001 for all). Despite 14-fold increased expression in pilot experiments (not
shown), expression of DRD1 was not significantly different from normal tissue in this larger
sample (mean 1.2-fold higher, p=0.28).

To ascertain whether these findings were present in associated neuroendocrine tumor
metastases, their gene expression was determined. Among the five new genes (BRS3, GIPR,
GPR98, GRM1, and OPRK1) found to have increased expression in primary tumors, both
liver and lymph node metastases also showed significantly increased expression relative to
normal tissues, with fold-increases trending higher from primary tumors to lymph node
metastases to liver metastases (Table 2). Taken together, these results suggested that these
five genes, in addition to OXTR and GPR113, which we previously reported to have
elevated expression in NETS relative to normal tissueZ®, might show promise as therapeutic
targets in NETSs.

Increased Expression Relative to SSTR2

For assessment against a receptor protein of known clinical utility, expression of SSTR2 was
measured and compared to the seven genes showing overexpression in tumor tissues (Table
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2). As expected, primary tumors as well as nodal and liver metastases showed significantly
higher SSTR2 expression than normal tissues (mean 3-fold higher in primaries, p<0.0001).
Seven candidate genes showed greater overexpression than SSTR2. Five of these, BRS3,
GIPR, GRM1, OPRK1, and OXTR had significantly greater overexpression than SSTR2 in
primary tumors, nodal metastases, and liver metastases compared to normal tissue
(p<0.001). GPR98 showed a trend towards higher relative expression compared to SSTR2 in
primary tumors versus normal (7.5 vs. 3.0 fold, p=0.012), but this reached significance only
for nodal metastases (p<0.001; p=0.016 in liver metastases). The significantly higher fold-
increased expression as compared to SSTR2 of these five genes (BRS3, GIPR, GRM1,
OPRK1, OXTR) versus normal tissue further supported them as potential new therapeutic
targets.

Comparison of Absolute Expression

One limitation to the above findings is that genes with high expression in tumors relative to
normal tissue may still have low absolute expression if expression in normal tissue is
extremely low, and therefore they may not be effective as targets for therapy. Thus, we next
evaluated absolute expression of all 12 genes based on dCT rather than relative expression
versus normal, and compared these results to absolute expression of SSTR2 (Table 3).
Expression of SSTR2 mRNA in primary tumor tissues was high, as indicated by a low dCT
(mean 2.7, interquartile range 0.9-3.9). Only MUC13 showed higher expression than
SSTR2 in primary tumors (mean dCT 1.1, IQR —0.4-2.4), but its expression in normal
tissues was also high (mean dCT of 2.3 IQR -0.7-5.1). Among candidate genes BRS3,
GIPR, GRM1, OPRK1, and OXTR, all showed lower absolute expression (higher dCT) than
SSTR2, but with large differences in the degree to which expression was lower. BRS3,
GRM1, and OPRK1 had significantly lower expression than SSTR2, with dCTs
corresponding to —68.6, —48.5, and —9.8 fold lower expression than SSTR2, respectively
(Figure 2, p<0.00001). Overall expression of OXTR was also significantly lower than
SSTR2, but with a smaller fold-difference of —5.3 (mean dCT 5.1, IQR 2.9-7.1, p<0.0001
vs. SSTR2). Finally, mean GIPR expression was closest to SSTR2 at only —1.9 fold lower in
primary tumors (mean dCT 3.6, IQR 2.1-4.9, p=0.01). Absolute GIPR expression in nodal
and liver metastases was not significantly lower than SSTR2 (mean dCTs 3.3 and 2.9,
p=0.03 and 0.07).

Expression by primary tumor type

To determine whether gene expression varied by the primary tumor site, dCTs of SBNET
and PNET primary tumors were compared (Table 4). Again as expected, SSTR2 expression
was high in both SBNETs and PNETs (mean dCT 3.1, IQR 2.0-3.8 and 2.1, IQR 1.6-3.8,
p=0.09). GIPR expression was also high in both tumor types, and was not significantly
different between SBNET and PNETs (mean dCT 3.9, IQR 2.4-5.3 and 3.2, IQR 1.9-4.1,
p=0.18). These findings suggest that like SSTR2, GIPR could be an effective target for both
tumor types. Four genes, BRS3, OPRK1, OXTR, and SCTR, were found to have
significantly different absolute expression between SBNETs and PNETS (Figure 3,
p<0.0001 for all). OXTR expression was low in PNETs (mean dCT 6.7, IQR 4.1-8.5) but
close to SSTR2 in primary SBNETs (mean dCT 3.8, IQR 1.7-5.0, p=0.012 vs. SSTR2).
Similarly, OPRK1 had higher expression in primary SBNETs (mean dCT 3.6, IQR 2.4-4.7,
p=0.018 vs. SSTR2) compared to PNETs (mean dCT 9.3, IQR 7.7-10.8). Since levels of
OXTR and OPRK1 expression were close to GIPR and SSTR2 in SBNETS, they also show
promise as therapeutic targets in these tumors. Both BRS3 and SCTR had significantly
higher expression in PNETs than SBNETS, but absolute expression was still low (mean
PNET dCT 6.7 for BRS3, 5.6 for SCTR), suggesting that they may not be as useful to target
as SSTR2 and GIPR. However, expression differences between tumor types seen in OXTR,
OPRK1, BRS3, and SCTR may be useful for differentiating NETs of unknown origin.
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Clinical Correlation of SSTR2 Expression

To determine whether SSTR2 expression levels correlated with successful peptide-receptor-
based imaging, clinical data from the University of lowa Neuroendocrine Tumor Registry
Database were examined and patients from the highest and lowest quartiles of SSTR2
expression by dCT were compared (Table 5). Eighteen patients from the highest SSTR2
expression quartile underwent somatostatin receptor scintigraphy (SRS), which successfully
identified the primary tumor site in 14 cases (77.7%). Among patients in the lowest quartile
of SSTR2 expression who had SRS, the scan identified the primary in 7 of 11 cases (63.6%,
p=0.4). In this limited sample, there was no significant difference between the highest and
lowest SSTR2 expression quartiles in the rate of successful primary tumor site determination
by somatostatin receptor-based imaging.

Discussion

We have shown that BRS3, GIPR, GPR98, GPR113, GRM1, OPRK1, and OXTR have high
expression in PNET and SBNET tumors relative to their normal tissue counterparts, and that
for five of these genes, this increase is significantly greater than that of the current standard
for imaging and treatment, SSTR2. While absolute expression levels of these genes in
primary tumors are lower than SSTR2, GIPR demonstrates expression closest to the high
expression of SSTR2. At the same time, GIPR enjoys 13-fold higher expression in primary
tumors compared to normal tissue, while SSTR2 expression in tumor versus normal tissue is
only 3-fold higher. Taken together, this combination of high absolute expression of GIPR
and greater differential expression between tumor and normal tissue compared to SSTR2
supports that GIPR ligands hold great potential for imaging and therapy of SBNETS and
PNETSs.

We previously determined that OXTR showed promise as a therapeutic target based on high
expression relative to normal tissue20. A limitation of the ddCT method used in that study
was that the level of absolute OXTR expression was not assessed, and its high expression
fold-change relative to surrounding tissue could be due to either high expression in tumor or
low expression in normal tissue. In this study, we resolve that limitation by comparing gene
expression in tumor tissues to internal controls and a standard of known clinical value,
SSTR2. By this method, while OXTR expression was more than 5-fold less than SSTR2
when averaged across all tumors. However, if separated by primary tumor type, OXTR
expression in SBNETS was close to that of SSTR2 suggesting that OXTR might be a useful
therapeutic target in SBNETS, and confirming our earlier enthusiasm for the receptor.

We succeeded in identifying new peptide-receptor targets in this study. The gastric
inhibitory polypeptide receptor (GIPR), also known as the glucose-dependent insulinotropic
polypeptide receptor, is a G-protein-coupled receptor related to the glucagon receptor. It
binds the incretin hormone gastric inhibitory polypeptide (GIP) in response to glucose
ingestion?. GIPR research has focused on its role in obesity and type 2 diabetes?2, Mice
with GIPR deletions do not become obese, and GIPR polymorphisms influence type 2
diabetes risk in humans2l: 22, Consistent with this role, GIPR is expressed in neuroendocrine
tissues including pancreatic p-cells, as well as adipose tissue and brain?3. GIPR is also
expressed in colorectal cancer (CRC). Prabakaran et al. detected GIPR expression in
colorectal cancer specimens and cell lines by immunohistochemistry and RT-PCR. After
treating CRC cells with GIP, they noted increased proliferation and activation of the MAP
kinase and mTOR pathways, which was abolished by treatment with pathway inhibitors
rapamycin and PD9805922, While GIPR is not the only receptor to activate these pathways,
it is notable that clinical trials of NET treatment with the mTOR and MAPK pathway
inhibitors everolimus and sunitinib are ongoing®. Interest in GIPR and diabetes has led to
development of both agonists and antagonists to the receptor23. While our evidence of GIPR
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overexpression in neuroendocrine tumors compared to normal tissue supports its utility as an
imaging target, this evidence of pro-malignant signaling mediated by the receptor in the
setting of high absolute expression suggests that adaptation of GIPR antagonists to
neuroendocrine cancer treatment could be beneficial.

OPRK1, or the k-opioid receptor, is expressed in neural tissue. Its complex role in stress and
reward pathways and impact on alcohol and opioid addiction has been studied extensively in
behavioral science?4. As with GIPR, its endogenous ligands, the dynorphins, are well
described and agonist and antagonist molecules are available2*. In addition to previous
reports of OPRK1 expression in a breast adenocarcinoma cell line and small-cell lung
cancer, it was recently reported that OPRK1 is overexpressed by gefitinib-sensitive and
resistant non-small cell lung cancer cell lines as compared to normal lung fibroblasts2. In
these cells, treatment with the agonist U50,488H caused markedly decreased growth and
blocked phosphorylation of GSK-3p, particularly in gefitinib-resistant cells. Co-treatment
with U50,488H and the OPRK1 antagonist nor-BNI restored cell growth. We found that
neuroendocrine tumors also overexpress OPRK1 relative to normal tissue, and that
expression is similar to SSTR2 in SBNETSs. Whether drugs acting on this receptor will be
useful for NET treatment also is deserving of further study.

Expression of DRD1 was not significantly higher in tumors than in normal tissue, despite
our initial results indicating that it was overexpressed. The dopamine receptor, D2 (DRD2)
has been previously proposed as a potential therapeutic target in GEPNETS, but expression
in normal tissues was not measured4. We found that similar to DRD2, DRD1 is expressed
in GEPNETS, but due to lower absolute expression and no difference in expression versus
normal tissue, we doubt it will be as favorable a target for therapy. These results
demonstrate the importance of measuring both absolute and relative expression, and of
measuring expression in a large sample of tumors.

While SSTR2 expression is critical to the success of somatostatin-receptor scintigraphy, our
finding that SRS is usually positive in NETs with both high and low SSTR2 expression
agrees with the literaturel®. Interestingly, O’Toole et al. reported that while larger tumors
were detected whether they had high or low SSTR2 expression, smaller tumors required
higher levels of the receptor for visualization. Although we examined results in only a subset
of tumors with the highest and lowest expression, a full comparison of positive and negative
results by tumor size is possible in our population. As with previous reports, our sample size
was small and we cannot account for biases in patterns of referral to our institution or SRS
use. Whether these results obtained principally with 111In-pentetreotide will match findings
using newer somatostatin analogues or 18F-PET DOTATOC is unknown.

Changes in gene expression in primary tumors were present in metastases as well, and
tended to be more pronounced. We believe this is related to enrichment of malignant cells in
metastases. We used a method of extracting RNA from whole tumors, and therefore the
measured gene expression reflects a combination of both tumor and stromal cells.
Microscopically, primary tumors tend to have a significant stromal component, which may
be reduced in nodal and liver metastases. Finding that differences in gene expression are
greater in these tumor-enriched tissues reassures us that observed changes are due to tumor
rather than stromal gene expression, and suggests that therapeutics developed based upon
gene expression levels in primary tumors should also be effective in their metastases. In
future studies, we will test whether expression of these genes differs when the tumor cell
population is further enriched using laser-capture microdissection.

One strength of this study is the large number of specimens used. Previous studies of gene
expression or correlations of SSTR expression to clinical outcomes have generally reported
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results of specimens from 25-35 or fewer patients and only a few have reported expression
in metastases2-14. While our pilot studies used a limited number of specimens??, the
present study had 56 primary SBNETSs and 47 PNETS, as well as 123 metastases from the
same patients, allowing robust estimates of the true means and ranges of gene expression in
these tumor populations.

A limitation of this study is that results in clinical practice may not match extrapolations
from gene expression data. A study using similar methodology reported no correlation
between gPCR-defined expression of SSTR2 or SSTR5 and disease stabilization or survival
after treatment with somatostatin analogues, but unexpectedly found that high SSTR4
expression correlated with significantly worse outcomes2. We likewise speculated that
OXTR might prove less useful than SSTR2 due to its lower absolute expression, but early
immunohistochemistry results using an OXTR antibody have shown good staining for the
receptor in neuroendocrine tumor samples (M.S.O., unpublished observation). So while
results are not always predictable, gene expression data are likely to provide insight and
generate useful hypotheses.

Perhaps the best evidence of gene expression data as a starting point for therapeutic
development is the efficacy of octreotide in GEPNETS, which overexpress SSTR2. Not only
have somatostatin analogues improved survival in patients with metastatic midgut
carcinoids®, but they have also allowed significant response rates with PRRTLL, Similar to
these SSTR-based methods, radiolabeled ligands binding GIPR have successfully imaged
adrenal glands with aberrant GIPR expression in the past?®. These observations highlight the
potential for clinical relevance and feasibility of drugs targeting highly expressed cell-
surface receptors. We hope that ligands to the receptors we describe will prove similarly
beneficial, but it is critical to first further evaluate these gene expression results in the
context of protein expression, immunohistochemistry, and in cell culture, testing the effects
of ligands on tumor growth.

In summary, molecules binding neuroendocrine tumor receptor proteins have proven
effective in symptom management, imaging, and radionuclide therapy, but additional drug
targets are needed. From its high expression in tumors and low expression in normal tissues,
GIPR shows great promise for both PNETs and SBNETS, as do OPRK1 and OXTR in
SBNETS. These findings suggest that further evaluation of potential ligands to these targets
represent the next important step towards improving our therapeutic armamentarium against
GEPNETSs.
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Figure 1.

Relative gene expression (ddCT) in SBNET and PNET primary tumors (n=103) compared
to normal tissue. Lower ddCT indicates higher expression (log scale). Boxes show IQR,
whiskers show 1.5*IQR, open circles show outliers, bar shows median, dot shows mean.
Horizontal line indicates expression level equal to normal tissue. SSTR2, GIPR, OXTR,
GPR113, GPR98, OPRK1, GRM1, and BRS3 all show significantly higher expression in
tumors compared to their expression in normal pancreas or small bowel tissue. OXTR
showed the greatest overexpression in tumor tissue compared to normal tissue as indicated
by the lowest ddCT. Overexpression of GIPR, OXTR, OPRK1, GRM1, and BRS3 was
significantly greater than that of SSTR2.
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Figure 2.

Absolute gene expression (dCT) in SBNET and PNET primary tumors (n=103). Lower dCT
indicates higher expression (log scale). Boxes show IQR, whiskers show 1.5*IQR, open
circles show outliers, bar shows median, dot shows mean. SSTR2 has the highest absolute
expression (mean dCT 2.7). GIPR expression (mean dCT 3.6) is closest to SSTR2, while
mean expression of OXTR, GPR113, DRD1, GPR98, OPRK1, GRM1, and BRS3 is much
lower than SSTR2, as indicated by higher dCT (p<.0001).
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Figure 3.

Absolute gene expression (dCT) by primary tumor type. Lower dCT indicates higher
expression (log scale). Boxes show 1QR, whiskers show 1.5*IQR, open circles show
outliers, bar shows median, dot shows mean. When expression is separated by primary
tumor type, BRS3, OPRK1, OXTR, and SCTR show significantly different expression in
SBNETSs (n=56) and PNETSs (n=47), while expression of SSTR2 and GIPR is similar in both
primary tumor types. Expression of OXTR and OPRKZ1 in SBNETSs (mean dCT 3.8 and 3.6)
is much higher than in PNETs (mean dCT 6.7 and 9.3), and is not significantly different
from expression of SSTR2 (mean dCT 3.1).
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Table 1
Gene targets and primers used for qPCR

Gene Name Primer

SSTR2 Somatostatin receptor type 2 Hs00265624_s1
BRS3 Bombesin-like receptor 3 Hs00179951_m1
GIPR Gastric inhibitory polypeptide receptor Hs00609210_m1
GPR98 G-protein-coupled receptor 98 Hs01022907_m1
GRM1 Glutamate receptor metabotropic 1 Hs00168250_m1
OPRK1 Opioid receptor kappa 1 Hs00175127_m1
DRD1 Dopamine receptor D1 Hs00265245_s1
OXTR Oxytocin receptor Hs00168573_m1
GPR113 G-protein-coupled receptor 113 Hs00542378_m1
SCTR Secretin receptor Hs01085380_m1
ADORAL | Adenosine Al receptor Hs00379752_m1
MUC13 Mucin 13 Hs00217230_m1
MEP1B Meprin A beta Hs00195535_m1
GAPDH Glyceraldehyde-3-phosphate dehydrogenase | Hs02758991_g1
POLR2A | Polymerase RNA polypeptide-2A Hs00172187_m1
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Table 2

Relative gene expression in SBNET and PNET tissues compared to normal tissue

Mean Fold-Change Compared to Normal

Gene Primary Tumorsn=103 | Nodal Metsn=73 | Liver Metsn=50 | P-valuePrimary vs. Normal
SSTR2 3.0 3.7 4.3 <0.0001
BRS3 130" 16.0" 20.9" <0.0001
GIPR 13.07 19.7% 29.9" <0.0001
GPR98 75 13.0° 12.1 <0.0001
GRM1 17.1° 184" 26.0" <0.0001
OPRK1 19.7% 29.9" 55.7" <0.0001
DRD1 1.0 08" 07" 0.28
OXTR 39.4" 59.7" 485" <0.0001
GPR113 49 7.0 11.3 <0.0001
SCTR -75" —171" 43 <0.0001
ADORA1 -3.0" -2.8" -4.6" <0.0001
MUC13 1.7 -1.9" 11 0.051
MEP1B 15 —226° —9.2* 0.28

*
Indicates significantly different from SSTR2 at p<0.001

All p-values are false discovery rate (FDR) adjusted

Fold-changes for OXTR, GPR113, SCTR, ADORA1, MUC13, MEP1B are as reported20
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Table 4

Absolute gene expression by primary tumor type (mean dCT, IQR)

Gene SBNET Primary Tumorsn=56 | PNET Primary Tumorsn=47 | P-value SBNET vs. PNET
SSTR2 3.1(2.0-3.8) 2.1(1.6-3.8) 0.09
BRS3 10.6 (10.0-12.2) 6.7 (3.8-9.7) <0.0001
GIPR 3.9 (24-5.3)" 3.2 (1.9-4.1)" 023
GPR98 7.5 (5.9-8.6) 6.6 (5.9-7.5) 0.09
GRM1 8.8 (6.5-11.6) 7.6 (6.0-9.4) 0.09
OPRK1 36 (24-4.7)" 9.3 (7.7-10.8) <0.0001
DRD1 6.9 (5.4-8.5) 5.7 (3.8-7.6) 0.056
OXTR 38 (L7-5.0)" 6.7 (4.1-8.5) <0.0001
GPR113 5.4 (4.5-6.3) 5.9 (4.1-8.0) 0.32
SCTR 9.4 (8.1-11.3) 5.6 (6.2-7.6) <0.0001
ADORA1 8.8 (8.1-9.5) 8.7 (7.0-10.8) 0.89
MUC13 11(-0.4-2.3) 12 (-05-2.7)" 0.82
MEP1B 40 (1L5-55)" 5.1(24-1.7) 0.21

*
Not significantly different from SSTR2 (p>0.01)

SBNET, small bowel neuroendocrine tumor; PNET, pancreatic neuroendocrine tumor

P-values are FDR-adjusted
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Somatostatin receptor scintigraphy success by SSTR2 expression

Primary Tumor Visualized

SSTR 2 Expression Yes (%) No (%)
High (dCT <0.9) 14 (77.7) 4(22.3)
Low (dCT >3.9) 7 (63.6) 4(36.4)
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