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The purpose of this study was to determine the effect of estrogen
receptor-a gene (ESR7) mutations at the tyrosine (Y) 537 amino acid
residue within the ligand binding domain on '8F-fluoroestradiol ('8F-FES)
binding and in vivo tumor uptake compared with wild-type (WT)-estrogen
receptor a (ER). Methods: ER-negative MDA-MB-231 breast cancer
cells were used to generate stable cell lines that express WT-ER,
Y537S, or Y537C mutant ER. Receptor expression and localization
were confirmed by Western blot and immunofluorescence, respec-
tively. ER transcriptional function was measured using an estrogen
response element-luciferase reporter gene assay and quantita-
tive polymerase chain reaction analysis of ER-regulated endoge-
nous target genes. Saturation binding and competition assays
were performed to determine equilibrium dissociation constant
(Kg) and half maximal inhibitory concentration (IC50) values. 8F-
FES uptake was measured in tumor xenografts grown in female
athymic nude mice by small-animal PET/CT imaging and tissue
biodistribution using 5.55 MBq (150 pCi) of '8F-FES. A 10-fold-lower
injected dose of 0.555 MBq (15 pCi) of '8F-FES was also used for
tissue biodistribution. Statistical significance was determined using
ANOVA. Results: Y537S and Y537C mutations resulted in increased
ER transcriptional activity in the absence of estrogen compared with
WT-ER (11.48 £ 2.42 fold; P = 0.0002, and 5.89 + 0.94 fold; P = 0.04,
respectively). Constitutive ER activation of two target genes (PGR and
TFF1) in the absence of estrogen was also observed in Y537S- and
Y537C-ER cells compared with WT-ER. K4 values for '8F-FES were
0.98 + 0.54 nM for Y537S-ER (P = 0.27) and 0.24 + 0.03 nM for
Y537C-ER (P = 0.95) compared with 0.07 + 0.08 nM for WT-ER.
IC50 values were 0.22 + 0.09 nM for Y537S-ER (P = 0.97), 0.18 +
0.09 nM for Y537C-ER (P = 0.99), and 0.19 + 0.11 nM for WT-ER.
Tumor xenografts expressing Y537S-ER (mean percentage injected
dose per gram, 1.45 + 0.06; P = 0.77) and Y537C-ER (2.09 + 0.20;
P = 0.21) had similar '®F-FES uptake compared with WT-ER (1.68 +
0.12). Comparable '8F-FES uptake between Y537S-, Y537C-, and
WT-ER xenografts was also observed using a 10-fold-lower injected
dose with the tissue biodistribution assay. Conclusion: Since tumoral
uptake of 8F-FES is not significantly impacted by Y537S-ER or
Y537C-ER mutations, the potential diagnostic utility of '8F-FES PET
imaging is expected to be equally valid for patients with or without
these activating ESR7 mutations.
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Mutations in the estrogen receptor-o gene (ESRI) identified
in up to 40% of patients with metastatic estrogen receptor a (ER)—
positive breast cancer have been shown to be partially resistant to
endocrine therapy and correlate with reduced survival (/,2). The
majority are missense mutations in the ligand binding domain,
frequently involving amino acid residues 536 to 538 in the loop
between a-helices 11 and 12, reviewed by Katzenellenbogen et al.
(3). These gain-of-function mutations allow ER to adopt a con-
formational change that mimics the agonist-bound receptor and
bypass the requirement for estrogen binding to activate ER in a
constitutive, ligand-independent manner (4-6).

ER imaging using PET with 16a-'8F-fluoro-17B-estradiol ('8F-
FES) is a method to quantify ER across metastatic sites, optimize
doses of ER blocking agents, and may predict antiestrogen therapy
response (7). Tumoral uptake of '8F-FES correlates well with ER
protein measured by immunohistochemistry (8,9). When the max-
imum standardized tumoral uptake value of '8F-FES is less than
1.5 to 2.0, patients are unlikely to achieve clinical benefit from
endocrine therapy (/0-14). Residual ER availability detected with
I8F_FES PET imaging during ER antagonist therapy may be as-
sociated with early disease progression (/5).

Conformational changes in the ER ligand binding domain of
constitutively active mutants cause reduced binding affinities to 17(3-
estradiol (E2) using tritiated-estradiol in radioligand binding assays
(4,16). Given the structural similarities between E2 and '8F-FES
(17), we hypothesized that ESR] activating mutations at the Y537
amino acid residue will have reduced '®F-FES binding compared
with wild-type (WT)-ER. This question has important clinical rele-
vance because ESR] mutations could possibly lead to a false-negative
PET imaging result if they cause reduced '8F-FES binding affinity.
The purpose of this study was to determine the effect of ESRI
mutations at Y537 within the ligand binding domain on '3F-FES
binding and in vivo tumor uptake compared with WT-ER.

MATERIALS AND METHODS

Cell Culture
Experiments were performed according to a protocol approved
by the Office of Biologic Safety. Human ER-negative breast cancer
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cells (MDA-MB-231) were authenticated using short tandem repeat
analysis and tested negative for murine pathogens and Mycoplasma
contamination (IDEXX BioResearch). Cells were cultured in
Dulbecco’s modified Eagle medium (Corning) with 10% fetal bovine
serum (VWR) and 1% penicillin and streptomycin (Gibco) at 37°C
and 10% CO..

Constructs and Transfection

Y537C and Y537S mutations were introduced into WT human
ESRI in pBluescript cloning vector (Stratagene) using a site-directed
polymerase chain reaction mutagenesis kit (Agilent Technologies)
and primers listed in Supplemental Table 1 (supplemental mate-
rials are available at http://jnm.snmjournals.org). Generated muta-
tions were verified by Sanger sequencing using primers listed in
Supplemental Table 2. The complementary DNA for these recep-
tors were inserted into a tetracycline-inducible expression vector
(pUHD10-3) (/8). Mutant and WT ESRI sequences were reverified
using the primers indicated in Supplemental Table 2. Doxycycline-
inducible MDA-MB-231 cell lines were generated by first stably
transfecting cells with a plasmid containing the reverse tet-transactiva-
tor construct (pUHD172-1 neo) (19). Positive colonies were identi-
fied using a tetracycline responsive element-luciferase reporter assay.
Clones with strong reporter gene induction with doxycycline were
stably cotransfected with the pUHD10-3 expression vectors contain-
ing mutant or WT-ER and a puromycin resistance plasmid (pBABE-
puro). Transfected cells were maintained with G418 (40 wg/mL;
Gemini Bio-Products) and puromycin (1 pg/mL; Sigma-Aldrich).

Western Blot Analysis

Whole-cell lysates were prepared from cell pellets or crushed
flash-frozen tumors using radioimmunoprecipitation assay buffer
(Sigma) with 2 mM sodium orthovanadate, protease (1:500) and
phosphatase (1:100) inhibitor cocktails (Sigma). Protein concen-
tration was determined with Bradford assay (Bio-Rad). Equal amounts
of protein were run on 7.5% sodium-dodecyl sulfate-polyacrylamide
gel electrophoresis (Bio-Rad) and transferred to a polyvinylidene
difluoride membrane (Millipore). Saturating amounts of antibodies
were used for ER (1:1,000 clone SP1; ThermoFisher), B-actin (1:
10,000; Sigma), and horseradish peroxidase—conjugated IgG (1:3,000;
GE Healthcare). Bands for ER protein were quantified using
GeneTools software (Syngene) and were normalized to (3-actin
loading control. Full-length recombinant human ERa protein (Invitro-
gen) was used to generate standard curves for semiquantitative analy-
sis, as described previously (20). Molar concentrations of ER in the
cell lines and tumors were calculated using linear regression (2 values
ranged from 0.95 to 0.99) and are expressed as fmol/mg total protein.

Immunofluorescence

Doxycycline-treated cells were seeded in chamber slides (Sarstedt)
and then fixed with 2% formaldehyde, permeabilized with 0.5%
Triton X-100 (Sigma), blocked with 10% goat serum for 1 h at 37°C,
and incubated with anti-ER antibody (1:100, Clone 6F11; Leica),
overnight at 4°C. Slides were then probed with AlexaFluor 488
antimouse antibody (1:100, Life Technologies) for 1 h at room
temperature. Slides were mounted with ProLong Gold Antifade
with 4'6-diamidino-2-phenylindole (DAPI) (Life Technologies)
and imaged with confocal microscopy (Nikon A1RS).

Transcriptional Reporter Gene Assay

Cells were grown in steroid hormone-depleted medium (10%
charcoal/dextran stripped fetal bovine serum in phenol red-free
medium with 1% penicillin/streptomycin and 2% L-glutamine) for
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3 d then were seeded in a 6-well plate (5 X 10° cells/well). The
following day, cells were cotransfected with estrogen receptor re-
sponse element (ERE)-luciferase (0.75 pg) and cytomegalovirus-
3-galactosidase (0.25 g) reporter plasmids using Lipofectamine
3000 (Life Technologies) and treated with doxycycline (5 pg/mL;
Sigma) to induce ER expression. The next day, cells were treated
with ethanol (vehicle) or 10 nM 173-estradiol (E2, Sigma) for 24 h.
Luciferase activity (Promega) and (3-galactosidase activity (Tropix)
were measured according to the manufacturers’ protocols.

Quantitative Polymerase Chain Reaction

Estrogen-deprived cells were seeded in a 6-well plate and were
supplemented with doxycycline (5 wg/mL) overnight. The next day,
cells were treated with ethanol or 10 nM E2 for 24 h. RNA was iso-
lated (RNeasy kit; Qiagen) and complementary DNA was gener-
ated (iScript cDNA kit; BioRad). Primers for messenger RNA of
progesterone receptor (PGR), trefoil factor-1 (TFF1), and ribo-
somal protein 36B4, which is a reference/house-keeping gene,
are stated in Supplemental Table 3.

18F_FES Cell Uptake Assays

Saturation binding assays were performed by first seeding 1 X
107 cells in duplicate 24-well plates. The following day, cells were
washed with phosphate-buffered saline and placed in stripped se-
rum medium with doxycycline (5 pg/mL). On day 3 immediately
before adding '®F-FES, one plate was treated with ethanol control
and the other was treated with 1 x 1078 M 17B-estradiol (E2;
Sigma). Increasing concentrations of '8F-FES, 0.002-0.22 MBq
(0.06-6 nCi), were then added to the respective wells. For the
competition binding assay, increasing amounts of cold E2 (1 x
10713 to 1 x 10~7 M) were added before the addition of 0.037 MBq
(1 uCi) of '8F-FES and incubated for 1 h at 37°C. Cells were
harvested, and radioactivity was measured and analysis performed
as described previously (/7). The equilibrium dissociation constant
(Ky) and half-maximal inhibitory concentration (IC50) were deter-
mined using nonlinear regression (binding saturation one-site-total
and nonspecific binding for K4 and binding-competitive one-site-fit
for IC50) with GraphPad Prism 6.05 software.

Tumor Xenografts

Experiments were performed according to the American Asso-
ciation for Laboratory Animal Science guidelines following an approved
protocol by the Institutional Animal Care and Use Committee.
Adult female NCr-nu/nu mice aged 6 wk (Charles River) were
orthotopically injected with 1.5 x 10° cells at a 1:1 ratio with Matri-
gel (BD Biosciences) into the bilateral thoracic mammary fat pads
(20 mice for '8F-FES biodistribution and 14 mice for PET/CT
imaging). Palpable tumors were observed after 4 d, and tumor growth
was monitored twice a week. Mice were supplemented with
doxycycline (1 mg/mL) in the drinking water 2 d before exper-
iments to induce ER expression. Tumor size was measured by
calipers and volume calculated by (Iength X width?)/2.

Histology

Excised tumors were fixed in 10% formalin, embedded in par-
affin, and sectioned. Slides were deparaffinized followed by heat
epitope retrieval in citrate buffer (pH 6.0) for 60 min at 95°C. Immu-
nostaining was performed for ER (1:100 clone SP1; ThermoFisher)
using VECTASTAIN ABC HRP Kit (Vector Laboratories). Hematox-
ylin and eosin staining was also performed. Slides were scanned
at 20x magnification using a whole-slide bright field imaging sys-
tem (Aperio Image Scope software).
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PET/CT Imaging and Tissue Biodistribution

I8F_-FES was synthesized using previously described methods
(17). Average molar activity at the end of synthesis was 271 GBg/mol
(115-393 GBg/pmol; 7,337 mCi/pmol [3,111-10,634 mCi/pmol]).

For imaging, nonfasted mice were injected in the tail vein with
5.55 MBq (150 nCi) of '8F-FES. All mice were anesthetized with
1.5%-2.0% isoflurane and scanned supine in a microPET/CT scanner
(Inveon; Siemens Preclinical Solutions) 1 h after tail vein injection.
CT imaging lasted 12 min (2 bed positions X 6 min) followed by PET
image acquisition (40 million counts/mouse; typically, <10 min)
using 1 PET bed position. PET data were histogrammed into 1
static frame and reconstructed using ordered-subset expectation
maximization of 3 dimensions followed by the maximum a pos-
teriori algorithm (18 iterations, 16 subsets). CT attenuation and
scatter correction were applied. PET/CT images were automati-
cally coregistered and analyzed using Inveon Research Workplace
3.0 (Siemens Medical Solutions). Regions of interest were drawn
around the tumor and within quadricep muscles. Data are expressed
as the mean percentage injected dose per gram (%ID/g). The tumor-to-
muscle ratio was calculated as the ratio of the mean %ID/g of tumor
to that of averaged left and right quadricep muscles.

For the tissue biodistribution assay, tumor-bearing mice were
injected with either 0.555 MBq (15 wCi) or 5.55 MBq (150 n.Ci)
of '8F-FES via the tail vein. Blood and tissues (tumors, left and right
quadricep muscles, heart, slice of liver, and uterus) were harvested and
weighed 1 h after tail vein injection. Radioactivity was measured
using a y-counter, and data were background-corrected to calculate
the %ID/g. Tumor-to-muscle ratio was calculated as the ratio of the mean
%1D/g of tumor to that of averaged left and right quadricep muscles.

Statistics

Statistical significance was determined using unpaired ¢ tests
when comparing the means of 2 unmatched groups and one-way
ANOVA with Tukey post-test when comparing the means of more
than 2 unmatched groups (GraphPad Prism 6.05). Results are pre-
sented as mean * SEM. P < 0.05 was considered significant.

RESULTS

ER Expression and Localization in the Generated Breast
Cancer Cell Lines
ER protein levels increased in a dose-dependent manner with
doxycycline (Figs. 1A and 1B). Quantified ER protein levels in the
mutant cell lines were not statistically differ-

ent compared with WT-ER at any of the tested
doses (P = 0.05). Appropriate nuclear lo-
calization of ER protein was observed in
WT-ER, Y537C-ER, and Y537S-ER cells
(Fig. 1C). No detectable ER expression was
observed in the parental ER-negative cells.

Constitutive Transcriptional Activity of
Y537C-ER and Y537S-ER

Compared with WT-ER, the Y537C-ER
and Y537S-ER mutants demonstrated signif-
icantly higher transcriptional activity in the
presence and absence of estrogen (Fig. 2A).
The transcriptional activities of Y537C-
ER and Y537S-ER were 5.89 = 0.94 fold
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(P = 0.04) and 11.48 = 2.42 fold (P =
0.0002) higher than WT-ER, respectively,
in the absence of estrogen (Fig. 2B). Tran-
scription of endogenous target ER genes was
also higher in cells expressing mutant recep-
tors compared with WT-ER in the absence of
estrogen (Figs. 2C and 2D). PGR messenger
RNA expression was increased 3.11 £ 043
fold (P = 0.0005) for Y537C-ER and 8.49 =
1.88 fold (P = 0.0019) for Y537S-ER com-
pared with WT-ER. TFF1 messenger RNA
expression was increased 3.40 = 0.71 fold
(P = 0.0055) for Y537C-ER and 9.60 *=
2.22 fold (P = 0.0022) for Y537S-ER com-
pared with WT-ER.

Binding Affinities of Y537C-ER and
Y537S-ER for '8F-FES
I8F.FES binding affinity was reduced in

FIGURE 1.

of 3 individual experiments.
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ER protein expression and localization in generated breast cancer cell lines. (A)
Representative Western blot of ER protein in WT-ER, Y537C-ER, and Y537S-ER cells treated
with increasing doses of doxycycline for 24 h. (B) ER protein quantification (mean + SEM) from
3 independent experiments. (C) Immunofluorescence for ER localization: Alexa fluor 488 staining
for ER (top) and DAPI nuclear staining (bottom). Scale bar = 100 pm. Images are representatives

cells expressing Y537C-ER and Y537S-ER
compared with WT-ER (Supplemental Fig.
1); however, this was not statistically sig-
nificant (K4: 0.24 = 0.03 nM for Y537C-
ER, P = 0.95; 0.98 + 0.54 nM for Y537S-ER,
P = 027 vs. 0.07 = 0.03 nM for WT-ER).
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FIGURE 2. Transcriptional activity of Y537C-ER and Y537S-ER com-
pared with WT-ER. (A) Parental ER-negative MDA-MB-231, WT-ER,
Y537C-ER, and Y537S-ER cells were estrogen-deprived and trans-
fected with ERE-luciferase and B-galactosidase plasmids and then
treated with ethanol (EtOH) vehicle or 10 nM 17B-estradiol (E2) for 24 h.
ERE-luciferase reporter gene activity was measured and normalized to
B-galactosidase activity. *P < 0.05 compared with ethanol-treated
WT-ER; #P < 0.05 compared with E2-treated WT-ER. (B) Transcrip-
tional activity normalized to WT-ER in the absence of E2. Expression of
ER-regulated target genes, TFF1 (C) and PGR (D), was measured in
estrogen-deprived cells after 24 h treatment with ethanol vehicle con-
trol. Values represent the mean + SEM of 3 independent experiments.
*P < 0.05 compared with WT-ER.

IC50 values (Supplemental Fig. 2) were comparable between the cell
lines: 0.18 = 0.09 nM for Y537C-ER (P = 0.99), 0.22 *+ 0.09 nM for
Y537S-ER (P = 0.97), and 0.19 = 0.11 nM for WT-ER.

18F.FES PET/CT Imaging and Tissue Biodistribution of
Tumor Xenograft-Bearing Mice

Mean tumor volumes of the ER-negative parental MDA-MB-
231, WT-ER, Y537C-ER, and Y537S-ER xenografts at the time of
imaging were 105 = 5 mm?, 112 * 30 mm?, 99 = 12 mm?, and
145 = 30 mm?, respectively. '®F-FES uptake in the ER mutant
tumors was similar to WT-ER xenografts (Fig. 3A). The mean %ID/g
tumor uptake values were 1.68 * 0.12 for WI-ER, 2.09 = 0.20 (P =
0.21) for Y537C-ER, and 1.45 = 0.06 for Y537S-ER tumors (P =
0.77) (Fig. 3B). Tumor-to-muscle ratios were 3.12 £ 0.45 for WT-ER,
344 = 0.25 (P = 0.86) for Y537C-ER, and 2.56 = 0.17 (P = 0.60)
for Y537S-ER (Fig. 3C). Excised tumors had comparable ER protein
levels: 706 £ 136 fmol/mg protein for WT-ER, 771 %= 110 for
Y537C-ER (P = 0.97), and 585 = 68 for Y537S-ER (P = 0.86).

To confirm that tumor specific uptake of '3F-FES is not con-
founded due to possible saturation of the receptor by the amount
of injected mass dose, a tissue biodistribution assay was performed
using 2 different '8F-FES doses. At 5.55 MBq (150 p.Ci; the injected
dose that was used for PET/CT imaging), we estimated approxi-
mately 5% receptor occupancy with '8F-FES based on an average
specific activity of 271 GBg/pmol (7,337 mCi/pmol), approximately
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1.5 %ID/g of tumor tissue, and approximately 600 fmol ER per mg
total protein. At 0.555 MBq (15 wCi), we simulated 10-fold-lower
receptor occupancy (~0.5%). Tumoral '8F-FES uptake was not sig-
nificantly affected by the Y537 mutations with either of the injected
doses tested (Figs. 4A and 4B), which is consistent with the PET/CT
results. ER protein expression in the excised tumors was comparable
(Figs. 4C and 4D; Supplemental Fig. 3). Complete tissue biodistri-
bution data are included in Supplemental Figure 4. Because the %ID/g
values were not significantly different between the two injected
doses, this provides further evidence that the mass dose of injected
I8F_FES is not saturating the receptor.

DISCUSSION

Many studies have evaluated '8F-FES PET imaging as a method
for quantifying ER expression, predicting response to therapy, and
optimizing doses of ER blocking agents (§—15). Their results pro-
vide the rationale for an ongoing multi-institutional validation trial
in the United States and increasing clinical use in Europe of '8F-FES
PET as an additional diagnostic tool when conventional imaging is
inconclusive (21,22). Given the prevalence of ESRI mutations in
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FIGURE 3. '8F-FES PET/CT imaging of Y537C-ER and Y537S-ER tu-
mor xenografts compared with WT-ER. (A) Representative axial PET/CT
images of mice bearing tumors of parental ER-negative MDA-MB-231,
WT-ER, Y537C-ER, and Y537S-ER cell lines (n = 3, 5, 9 and 6, respec-
tively) imaged at 1 h after tail vein injection with 5.55 MBq (150 pCi) of
18F-FES. Mice were imaged 18 d after tumor cell injection. Tumors are
indicated by arrows. Physiologic uptake in gallbladder is labeled as GB.
18F-FES uptake in muscle and tumor xenografts quantified as mean %ID/g
(B) and tumor-to-muscle ratio (C). Values represent mean + SEM.
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FIGURE 4. '8F-FES uptake in Y537C-ER and Y537S-ER tumor xeno-
grafts compared with WT-ER at 10-fold-lower injected dose. Mean %ID/g
(A) and tumor-to-muscle uptake ratios (B) of '8F-FES at 0.555 MBq
(15 pCi) and 5.55 MBq (150 pCi) injected doses in tumor-bearing mice
1 h after tail vein injection. For 0.555 MBq of '8F-FES, the number of tumors
were n = 4 for MDA-MB-231, n = 6 for WT-ER, n = 5 for Y537C-ER, and
n = 5 for Y537S-ER. For 5.55 MBq of '8F-FES, the number of tumors were
n = 4 for MDA-MB-231, n = 5 for WT-ER, n = 4 for Y537C-ER, andn = 5
for Y537S-ER. The biodistribution assay was performed 28 d after tumor cell
injection. Values represent mean + SEM. Statistical comparisons in A are as
follows for 0.555 MBq of '8F-FES: Y537C-ER vs. WT-ER, P > 0.99; Y537S-
ER vs. WT-ER, P = 0.75, and for 5.55 MBq of '8F-FES: Y537C-ER vs. WT-
ER, P > 0.99; Y537S-ER vs. WT-ER, P = 0.99. Representative Western blot
for ER protein (C) and ER protein quantification (D) from excised tumors.

metastatic breast cancer, it is plausible that ESR/ mutations may
contribute to the reported diversity between '3F-FES uptake both
within and among patients (23-25) and could result in a false-neg-
ative PET imaging result if these mutations impair '®F-FES binding.
To the best of our knowledge, the potential impact of activating
ESRI mutations on the accuracy of '®F-FES PET imaging has not
been investigated.

Previously, we showed that substitution of a single amino acid
residue at glycine 521 to arginine in the ER ligand binding pocket
completely abolishes '8F-FES binding (26). This was an expected
result because the ER ligand binding domain crystal structure
indicates that the D-ring of 173-estradiol makes nonpolar contacts
with G521, which are essential for agonist binding (27,28). Here,
we tested the hypothesis that mutations at Y537 in helix 12 of the
ER ligand binding domain would result in decreased '3F-FES
binding and tumor uptake. Unlike the G521R mutation, the expected
effect of Y537 mutations is less obvious because Y537 is not directly
involved in estradiol binding. Structural data indicate that unliganded
Y537S-ER mimics the closed ligand binding pocket conformation of
agonist-bound WT-ER and has slower ligand association and dissoci-
ation rates (5,29). Thus, constitutively active ESR]/ mutations af-
fect receptor conformation and may alter '8F-FES access to the
ligand binding pocket. Using xenografts from engineered breast
cancer cell lines, we found equivalent '8F-FES uptake between
WT-ER and Y537C-ER or Y537S-ER mutant tumors by PET/CT
and biodistribution experiments.

ISE_FES IMAGING OF AcTIVE ER MUTANTS  *

Although the binding affinities of Y537C-ER and Y537S-ER
for 18F-FES tended to be less than WT-ER, there was no statisti-
cally significant difference. Also, there was no difference in IC50
values obtained from competitive binding assays. This was unex-
pected because previous studies showed decreased binding affinity
of Y537S-ER for tritiated estradiol compared with WT-ER (4,16).
A likely reason for the discrepancy is that previous studies used
in vitro purified ER ligand binding domains. In contrast, '8F-FES
binding assays performed in our study used intact cells expressing
full-length receptors. Our results are more consistent with Carlson
et al., which showed similar Kgs for tritiated estradiol when full-
length receptor was used (5).

The clinical use of tumor genomic sequencing is growing for
patients with advanced breast cancer. However, it is not yet considered
standard-of-care given the lack of ESRI mutation-specific therapy
regimens (30). Thus, patients in '8F-FES imaging trials are a het-
erogeneous mix of those with and without ESRI mutations. Our
results indicate that ESR/ mutations at Y537C and Y537S are not
detrimental to '8F-FES binding and tumor uptake. These findings
support the utility of '8F-FES PET imaging and its validity as a
diagnostic tool for ER-positive patients with or without these specific
ESRI mutations. However, the positive predictive value of '8F-FES
PET for endocrine therapy response may be decreased for patients
with activating ESR] mutations if these lesions are indistinguishable
from WT-ER because those tumors are more endocrine-resistant.
This hypothesis requires further investigation. Radiopharmaceuticals
that probe downstream targets of ER action, such as '3F-fluoro-
furanylnorprogesterone for PGR (37), may be more suitable for
early therapy response assessment in patients with ESR/ mutations.

Because the allele frequency of somatic ESR/ mutations ranges
from 1% to 45%, a heterogeneous population of both WT and
mutant receptors exists in a single tumor (2). For this study, the
effect of Y537S and Y537C mutations was tested in isolation from
the WT receptor. Although this design does not exactly recapitu-
late conditions seen in patients and is a potential limitation, it does
allow for a more direct examination of the effect of the mutant
receptor without confounding effects from endogenous WT-ER.
Also, we have limited our conclusions to the 2 ESRI activating
mutations tested in this study. It is possible that other hotspot
mutations, such as Y537N and D538G, may have different results.

CONCLUSION

Tumoral uptake of 'F-FES is not significantly impacted by
Y537C or Y537S activating ESRI mutations. The potential diag-
nostic utility of '8F-FES PET imaging is expected to be equally
valid for patients with or without these specific ESR/ mutations.
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KEY POINTS

QUESTION: What is the effect of clinically relevant mutations in
estrogen receptor-a on '8F-FES binding and in vivo tumor uptake?

PERTINENT FINDINGS: '8F-FES uptake was not significantly
different between Y537S-, Y537C-, and wild-type ER—expressing
breast cancer cell lines and tumor xenografts.

IMPLICATIONS FOR PATIENT CARE: The potential diagnostic
utility of 18F-FES PET imaging is expected to be equally valid for
patients with or without these types of activating ESR7 mutations.
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