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Abstract

Objective—The aim of the study was to determine the differential expression patterns of the
wingless-type (Wnt) pathway inhibitors Dkk3 (Dickkopf 3), SFRP1 (secreted frizzled-related
protein 1), and SFRP4 in normal millerian tissue and endometrial endometrioid adenocarcinoma
specimens.

Methods—Messenger RNA (mRNA) and protein levels of the Wnt pathway inhibitors Dkk3,
SFRP1, and SFRP4 were evaluated by real-time reverse transcription—polymerase chain reaction
and Western blot analysis. A total of 87 human tissue specimens were obtained from 60 women
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who participated in Gynecologic Oncology Group protocol 210. Twenty-seven normal miillerian
tissues, 32 early-stage, and 28 advanced-stage endometrial endometrioid cancer specimens were
analyzed.

Results—Median age for this cohort was 60 years, with median body mass index of 32 kg/mZ.
There was a difference in Dkk3 protein expression between normal mllerian tissues and primary
endometrial endometrioid adenocarcinoma samples (P = 0.05). There was down-regulation of
Dkk3, SFRP1, and SFRP4 mRNA expression in patients with high-grade disease (= 0.08, 0.06,
and 0.05, respectfully). Furthermore, a decrease in SFRP1 and SFPR4 mRNA expression was
noted in patients with a diagnosis of locoregional and distant disease recurrence. Lastly, a trend
toward decreased progression-free survival in patients with low Dkk3, SFRP1, and SFRP4 mRNA
expression levels was noted.

Conclusions—Wnt pathway inhibitor (Dkk3, sFRP1, and/or sSFRP4) expression was down-
regulated in patients with high-grade disease and was associated with locoregional and distant
disease recurrence. Despite sample size (power) limitations, these results support previous
preclinical studies and may suggest a therapeutic role for Wnt signaling in endometrial cancer.
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Endometrial carcinoma (EC) is the most common gynecologic malignancy in the United
States with an estimated 52,630 new cases and 8590 deaths projected in 2013.1 Most women
(80%—85%) present with early-stage disease, and surgery in the form of hysterectomy is
curative. Unfortunately, however, a proportion of patients present with advanced or recurrent
disease, with associated poor survival. Current cytotoxic therapies for the treatment of
recurrent disease have shown limited success, with 5-year survival rates of less than 15%.2
Although recent phase Il trials have shown promise with novel biologic agents (mMTOR
inhibitors, bevacizumab), none have shown a response rate of greater than 25%. This trend
represents an unmet need in EC care.

Recently, the wingless-type (Wnt) signaling pathway has been implicated in EC
pathogenesis. The Wnt pathway normally participates in physiologic processes during both
embryogenesis and in the maintenance of adult hemostasis. Aberrant regulation of the Wnt
pathway has been associated with a variety of human malignancies.3 This pathway has been
most extensively studied in colorectal cancer, where the mutational inactivation of
adenomatous polyposis coli, an important component of the Wnt pathway, is an early event
in carcinogenesis.* This ultimately results in nuclear accumulation of B-catenin, with
recruitment of TCF/LEF1 (T-cell factor/lymphoid enhancer factor 1) promoting transcription
of target genes involved in tumorigenesis.3 Importantly, 14% to 45% of EC specimens have
been identified to have activating p-catenin mutations, although no functional relationships
have been recognized.>19 These findings suggest that other mechanisms might result in
deregulation of pB-catenin and altered expression of TCF target genes in EC.

Several extracellular antagonists, including secreted frizzled-related proteins (SFRPs) and
Dickkopf (Dkk), regulate Wnt signaling.1! The SFRP family of proteins can competitively
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displace Wnt ligands from their receptors, attenuating cancer growth. The Dkk family of
proteins exerts its inhibitory effects by preventing Wnt ligands from binding a functional
receptor complex. In humans, the Dkk protein family comprises 4 members (Dkk1-Dkk4)
and a unique Dkk3-related protein, soggy (SGY1). Importantly, all Dkk members, except
SGY1, share 2 conserved cysteine-rich domains, termed Cys1 and Cys2. In addition, WIF
(Wnt inhibitory factor 1) has also been shown to regulate Wnt signaling via p-catenin
transcriptional regulation by directly sequestering Wnt ligands.

These Whnt inhibitors, whose tumor-suppressive properties may represent a novel therapeutic
target, have been investigated recently.12:13 Specifically, Dkk3, a Wnt pathway inhibitor is
down-regulated in gastrointestinal, breast, prostate, and renal carcinoma, and its role as a
tumor suppressor has been investigated in both non—small cell lung cancer and
osteosarcoma.14_18 |n addition, SFRP1 down-regulation has been shown in microsatellite
unstable EC tissue specimens.1’

In this article, we explore the differential expression patterns of the Wnt inhibitors Dkk3,
SFRP1, and SFRP4 and their potential role as prognosticators of aggressive disease.

MATERIALS AND METHODS

Institutional review board (IRB) approval was obtained from the University of California,
Irvine, prior to the initiation of research. Gynecologic Oncology Group (GOG) protocol 210
was approved by a centralized IRB, as well as the IRB at all participating sites. Patients
provided written informed consent consistent with federal, state, and local institutional
requirements.

Tissue Specimens

The tissue specimens analyzed in this study were provided by the GOG via protocol 210.
Samples were selected based on tumor cell content and the availability of normal mllerian
tissue to act as an internal control. None of the patients received chemotherapy or endocrine
treatment prior to tumor excision. Hematoxylineosin staining was used for routine
pathologic evaluation. All specimens underwent central pathologic review prior to
distribution (NR). The content of tumor cells in all supplied specimens was required to be at
least 70%. Specimens were stored in an isothermal liquid nitrogen freezer (V1500-AB;
Custom Biogenic Systems, Romeo, MI), with lid temperature maintained at -178°C.

Protein Isolation and Western Blot Analysis

Under a fumed hood, while maintained on dry ice, specimens were fragmented using
disposable surgical scalpels, weighed, and placed into a 14-mL polypropylene round-bottom
tube with 500 mL of RIPA lysis buffer containing protease inhibitor tablets (Sigma, St
Louis, MO). Samples were homogenized using a Bio-Gen PRO200 (PRO Scientific, Oxford,
CT) at full speed for 30 seconds. Prior to the processing of each specimen, the homogenizer
rotor was cleansed with sequential washes in 70% alcohol, followed by ddH,0 x 3. The
tissue lysates were centrifuged at 12,000¢g for 30 minutes, and the supernatant was collected.
The DC protein assay (Bio-Rad, Hercules, CA) was utilized to determine protein
concentrations per package insert protocol.
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Volumes of clarified protein lysate containing equal amounts of protein (100 ug) were then
separated on a 12% sodium dodecyl sulfate—polyacrylamide gel electrophoresis and
electrophoretically transferred (90 minutes at 100 V) to a Hybond-ECL membrane (GE
Healthcare, Piscataway, NJ). Blots were then blocked for 1 hour in Tris-buffered saline with
Tween 20 (10 mM Tris-HCI, pH 8.0, 150 mM NaCL, and 0.05% Tween-20) containing 5%
blocking grade nonfat dry milk (Bio-Rad) and incubated overnight with primary antibody at
4°C. Antibodies for Dkk3 were obtained from Santa Cruz Biotechnology, Inc (Santa Cruz,
CA) and diluted 1:400. Antibodies for SFRP1 and SFRP4 were obtained from Abcam
(Cambridge, MA) and diluted 1:286 and 1:200, respectively. Blots were washed 3 times in
Tris-buffered saline with Tween 20 and incubated for 1.5 hours at room temperature with
horse-radish peroxidase—conjugated goat anti—rabbit or anti-mouse immunoglobulin G
secondary antibody at dilution of 1:200 (Santa Cruz Biotechnology). Immunoreactive bands
were visualized using an enhanced chemiluminescence detection system (Thermo Scientific,
Rockford, IL). All membrane was exposed to blue devil autoradiography film (Genesee
Scientific, San Diego, CA) for 10 seconds prior to image development. Glyceraldehyde
phosphate dehydrogenase (GAPDH) (Cell Signaling Technology, Danvers, MA) was used as
a loading control.

Densitometry was calculated after each film was scanned and loaded onto Adobe Photoshop
7.0 (Adobe Systems Inc, San Jose, CA). Film images were inverted, and each band was
outlined using Adobe Photoshop tools. Histogram values, including mean and pixels, were
obtained. Sample values were divided by GAPDH and reported. All samples were run in
triplicate, with average densitometry calculated. Results were reported as presence or
absence of immunoreactive bands.

RNA Extraction and Real-Time Reverse Transcription—Polymerase Chain Reaction

Tissue samples were processed as detailed above. Tissue lysates were vortexed briefly after
addition of 0.4 mL of 99% chloroform and left to rest on ice for 10 minutes. Samples were
transferred to 2.0-mL centrifuge tubes and centrifuged for 15 minutes at 12,000
revolutions/min (rpm). The clear supernatant was subsequently transferred to a new 2-mL
centrifuge tube, and 1 mL of 99% 2-propanol was added. The sample was vortexed and
incubated at room temperature for 10 minutes. Each sample was centrifuged for 15 minutes
at 12,000 rpm in a 4°C cold room. The supernatant was aspirated, and 1 mL of 75% alcohol
in DEPC was added to each tube. Samples were centrifuged at 7500 rpm for 10 minutes in a
cold room. The supernatant was aspirated, and the pellet resuspended in 50 uL of RNAse-
free water. cDNA was synthesized from 2 pg of total RNA using a high-capacity cDNA
reverse transcription kit per protocol (Applied Biosystems, Foster City, CA). Real-time
polymerase chain reaction (PCR) amplification reactions for Dkk3, SFRP1, and SFRP4 were
carried out using the MyiQ system (Bio-Rad) as previously described by Tang et al.18 Dkk3,
SFRP1, and SFRP4 miScript primer assays were obtained from Qiagen (Valencia, CA), with
primer sequences available upon request. Using the gSTAR expression detection system
(OriGene, Rockville, MD), a known quantitative PCR copy-number standard curve was
created for each primer evaluated. Briefly, each quantitative PCR standard was provided as a
dried pellet and suspended in 50 uL of ddH,O. The resuspended standard had a known copy
number of 10,000,000 copy/uL. Serial dilutions were then prepared to a maximum dilution
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of 10 copies/uL. A standard curve was subsequently created, allowing for copy-number
detection for each sample, per package insert instructions. Each 96-well PCR plate was run
with positive control primers, as well as standards for copy-number calculations. Samples
were run in triplicate. Total copy number was normalized to GAPDH copy-number
expression to facilitate comparison. Each experiment was carried out in triplicate.

Statistical Analysis

RESULTS

Marker expression levels were dichotomized by the median for each marker (less than =
low; greater than or equal to = high). Specimens with messenger RNA (mRNA) copy
number outside the boundaries of the standard curve were excluded from analysis. Given
variability in the site of normal tissue acquisition, control samples were stratified into 3
distinct categories: myometrium, cervix and other (ovary, fallopian tube, fibromuscular
tissue).

This study was exploratory, and the sample size was based on institutional pilot data. Data
analysis utilized SAS/STAT software version 9.1. One-way ANOVA, F test, and Fisher exact
test were used to assessed log mRNA and protein expression respectively with known
prognostic factors.1® Progression-free survival (PFS) was calculated as time in months from
study enrollment to disease progression or death for noncensored observations (events) or to
date of last contact for censored observations. Recurrence site was classified as local if
within the pelvic field; locoregional if vagina, PA lymph nodes, or abdomen; and distant
otherwise. Product limit estimates were computed by using the method of Kaplan and Meier,
and PFS comparisons were evaluated by using the log-rank test.20 All statistical tests were
2-sided, and given the exploratory nature of the study, 2< 0.1 was considered statistically
significant.

Cohort Characteristics

Dkk3

The data analysis is based on 60 tumor and 27 normal tissue specimens from 60 randomly
chosen patients with early-or advanced-stage endometrial endometrioid adenocarcinoma,
enrolled on GOG protocol 210 with valid tissue parameters as detailed previously. The
median age for this cohort was 60 years, with median body mass index (BMI) of 32 kg/m?.
Eighty-one percent of patients had grade 1 or 2 tumors, 34.5% of patients had a BMI greater
than 35 kg/m?, and 48.3% of patients had stage 3 or 4 disease. In addition, 35.7% and 29.6%
of patients had lymphovascular space invasion and lymph node involvement, respectively
(Table 1).

No significant differences in Dkk3 mRNA expression were noted between tumor specimens
and matched normal tissue (Fig. 1A). Conversely, Western blot evaluation of protein
expression did show decreased Dkk3 expression in tumor tissue samples compared with
normal myometrium (P = 0.0563) (Fig. 1B). Among cancer tissue specimens, low Dkk3
expression was associated with higher tumor grade (= 0.0878) (Fig. 2A) and obesity (BMI,
25-34 kg/m?; P=0.05). These relationships were seen only for mRNA. No significant
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differences in Dkk3 protein expression were identified between early- and advanced-stage
tumor samples using Western blot (data not shown).

Lastly, when exploring the association between Dkk3 expression and PFS, a trend toward
decreased PFS in patients with low Dkk3 mRNA expression levels was noted, although this
did not reach statistical significance. This same relationship was not seen when stratified by
protein expression (Figs. 3A, B).

No significant differences in SFRP1 mRNA or protein expression levels were noted between
tumor specimens and matched normal millerian tissues (Figs. 1C, D). When looking
specifically at tumor samples, low SFRP1 mRNA expression was associated with higher
grade (P=0.0626) and site of disease recurrence (P =0.0301) (Figs. 2C, D).

When PFS was evaluated, decreased SFRP1 expression (both protein and mRNA) was
associated with a nonsignificant decrease in PFS (Figs. 3C, D).

No significant differences in SFRP4 mRNA or protein expression levels were noted between
tumor specimens and matched normal mullerian tissues (Figs. 1E, F). Within the cohort of
cancer specimens, decreased SFRP4 mRNA expression was associated with higher tumor
grade (P=0.0468; Fig. 2E). Furthermore, a decrease in SFPR4 mRNA expression was
identified in patients with a diagnosis of locoregional and distant disease recurrence (P =
0.0909; Fig. 2F). These relationships were not seen on a protein level.

In addition, evaluation of PFS in the cohort of EC patients illustrated a trend toward
decreased PFS in patients with reduced SFP4 mRNA and protein expression, although this
did not reach statistical significance (Figs. 3E, F).

DISCUSSION

The canonical Wnt signaling pathway has been associated with EC as indicated by the
identification of B-catenin mutations in up to 45% of early-stage endometrial cancers.
However, the implications of B-catenin mutations, as well as the contribution of Wnt
pathway inhibitors in endometrial cancer, are poorly defined. Specifically, few studies
exploring Dkk3, SFRP1, and SFRP4 expression in both tumor and matched normal tissues
have been conducted.

The implication of Dkk3 in tumorigenesis was first described by Tsuiji et al,2! who showed
decreased Dkk3 expression in several human cancer cell lines. Since that time, several
authors have detailed decreased Dkk3 expression in solid tumors including non-small cell
lung, prostate, colon, and breast cancers, as well as hematologic malignancies.22-2% Data
exploring Dkk3 expression specifically in gynecologic malignancies are limited. Jiang et
al?8 investigated serum Dkk3 expression using enzyme-linked immunosorbent assays in
patients with cervical cancer, ovarian cancer, and EC. The serum levels of Dkk3 protein in
patients with EC were higher than those in control subjects. The etiology behind the
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discrepancy in serum and tissue expression of Dkk3 in patients with solid malignancies is
unclear at this time. While deregulation of Dkk family members is a common feature of
several human tumors, suppression of Dkk3 appears to be shared alteration among many
cancer types.2” More recently, Dkk3 gene expression was shown to be down-regulated in a
cohort of early- and advanced-stage EC tissue specimens, with in vitro assays confirming the
suppressive effects of Dkk3 expression on Wnt pathway throughput, tumor growth, and
invasiveness.28

Our data illustrated similar Dkk3 mRNA expression levels in both normal and matched
early-stage endometrial endometrioid adenocarcinoma tissue samples. However, there was a
decrease in Dkk3 protein expression in tumor samples relative to control tissue (£ = 0.05).
Within the cohort of early- and advanced-stage specimens, decreased Dkk3 expression was
associated with higher tumor grade, deep myometrial or serosal invasion, and obesity. These
relationships were seen on an mRNA level.

The discrepancy between mRNA and protein expression is not uncommon and can be
explained by posttranslational modification, differential splicing, intracellular localization,
molecular association, and variable product half-lives.1® In eloquent studies carried out in
yeast, similar mMRNA expression levels resulted in protein concentrations varying by more
than 20-fold.20 Thus, additional molecular studies are warranted to better understand
posttranscriptional regulation of Wnt pathway inhibitors.

In an analogous manner, the impact of SFRPs on cancer progression and prognosis has been
described. Secreted frizzled-related proteins are soluble mediators that bind Whnt ligands in
the extracellular domain, thus inhibiting signal transduction and p-catenin accumulation.2®
Abundant SFRP1 expression was initially identified in normal breast tissue.39 Since that
time, SFRP1 silencing has been shown in colon, ovarian, bladder, prostate, and lung cancers
and has been associated with decreased overall survival in patients with early-stage breast
cancer.31-34 With respect to SFRP4, Hrzenjak et al3® reported reduced mRNA expression
levels in both low-grade endometrial stromal sarcomas and undifferentiated endometrial
sarcomas, when compared with normal endometrium. Additional in vitro data demonstrated
decreased endometrial cancer cell growth following SFRP4 transfection and over-
expression, mediated via inhibition of Wnt7a.36

Our data illustrated similar SFRP1 and SFRP4 mRNA and protein expression levels in both
normal and matched early-stage endometrial endometrioid adenocarcinoma tissue samples.
Conversely, within the cohort of early- and advanced-stage specimens, decreased SFRP1 and
SFRP4 expression was associated with increased grade, as well as disease recurrence.

Given the number of samples evaluated and the proportion of patients with early-stage
disease, correlation between Wnt inhibitor expression levels and overall survival was not
feasible. When exploring the association between Wnt inhibitor expression and PFS, a trend
toward decreased PFS in patients with low Dkk3, SFRP1, and SFRP4 mRNA expression
levels was noted. Taken together, relative expression of these Wnt inhibitors may assist in
risk stratification and prognostication of patients with EC.
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Interestingly, there also appears to be cross-talk between the canonical Wnt pathway and
mTOR signaling.37:38 In light of recent clinical trials suggesting modest activity of mTOR
inhibitors in advanced and recurrent EC,3%-43 a role for combined mTOR and Wnt pathway
targeting may emerge. Currently, several agents designed to target the canonical Wnt
pathway are in various stages of development.2’ Potential therapeutic agents acting through
canonical Wnt signaling have been suggested, including nonsteroidal anti-inflammatory
drugs,*44% vitamins,*6:47 polyphenols, recombinant SFRP proteins,*® and molecular targeted
drugs.#® Ultimately, exploration of Wnt inhibition in EC xenograft models may help clarify
the therapeutic potential of these agents and shed light on the impact of combination
treatment with cytotoxic chemotherapy. Currently, limited data exist on the use of Wnt
inhibitors in combination with chemotherapy (5-fluorouracil) in various colorectal cancer
cell lines.50

CONCLUSIONS

In summary, our data indicate a potential role for Wnt inhibitors in EC pathogenesis. Despite
a lack of differential expression between early-stage tumor tissue and matched control
mullerian tissue samples, association between decreased expression and several
clinicopathological variables was shown. Although the sample size was small, the strengths
of this study include the use of matched normal tissues, centralized pathologic review
confirming the histologic diagnosis and tumor grade, multi-institutional collaboration, and
detailed molecular analysis. It is unclear why discrepancies existed between mRNA and
protein expression levels for all markers evaluated in this study. Future assessment of
epigenetic modifications, such as promoter methylation and the contribution of gene
silencing of Wnt pathway inhibitors on outcomes in EC, is warranted. The signals identified
in this small patient cohort support future exploration into the role of Wnt inhibitors in EC,
as both bio-markers and potential therapeutic targets.
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Clinical characteristics

Characteristics n %
Age, y <54 10 17
55-69 38 66

=70 10 17

BMI, kg/m? <24 10 17
25-35 28 48

=35 20 34

Stage Early 30 52
Advanced 28 48

Tumor grade Low 47 81
High 1 19

Tumor penetration  Inner1/2 27 50
Outer1/2 24 44

Serosa 3 6

Cytology Negative 44 83
Positive 9 17

LvsSI Absent 36 64
Present 20 36

Nodal status Negative 38 70
Positive 16 30

LVSI, Lymphovascular space involvement.
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