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Abstract

Background—We sought to determine whether lower DICER1 expression is associated with
recurrence in patients with endometrioid endometrial cancer. We also explored DNA methylation
and haploinsufficiency as potential mechanisms related to altered DICER1 expression in these
tumors.

Methods—DICER1 expression was assessed by qPCR in a selected cohort of endometrioid
endometrial tumors (N=169). Loss of heterozygosity analyses were conducted using two single
nucleotide polymorphisms and COBRA was used to assess methylation in the 5-UTR region of
DICERL in representative tumors. The relationships between DICER1 expression and
clinicopathologic variables, including overall and disease-free survival (OS and DFS), were
assessed using non-parametric rank-sum tests and Cox proportional hazard models as appropriate.
Survival distributions were described using the Kaplan-Meier method. A nested case-control
analysis was conducted to confirm the association between transcript levels and recurrence.

Results—Lower DICER1 expression and advanced stage were associated with worse DFS (HR:
1.36, 95%Cl: 1.05-1.75, P=0.02 and HR: 2.79, 95%CIl: 1.59-4.90, P<0.001, respectively). Three
variables were significantly associated with reduced OS: age (HR: 1.04, 95%CIl: 1.02-1.086,
P<0.0001), advanced stage (HR: 6.41, 95%CIl: 3.57-11.52, P<0.0001) and high grade (HR: 2.96,
95%Cl: 1.46-5.99, P=0.003). Nested-case control analysis confirmed lower DICER1 transcripts in
recurrent cases (P=0.01). Deletion of DICER1 sequences was an infrequent event (5% of analyzed
cases) and no methylation was observed in the 5" DICERL1 regulatory region.

Conclusions—Lower DICER1 transcripts correlate with recurrence and worse disease free
survival in patients with endometrioid endometrial cancer. The factors influencing DICER1 levels
in primary endometrial cancers remain unknown.
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Introduction

Endometrial cancer is the fourth most common malignancy among women in the United
States 1. Most endometrial cancer cases are diagnosed when the disease is still confined to
the uterus. These patients have an excellent prognosis with a 5-year survival of >95% 2.
Conversely, recurrent endometrial cancer carries a dismal prognosis with a median survival
of <10 months and 5-year survival rates close to 15% 3. In 2009, more than 7,700 U.S.
women died from endometrial cancer 1.

Despite a growing understanding of the pathophysiology and molecular biology of
endometrial cancers, accurate prediction of which patients with early stage disease are
destined to experience disease recurrence is still not possible. Multiple refinements to
staging modalities and comprehensive risk assessment models that include a broad range of
clinicopathologic and molecular variables have evolved over the last two decades, but
continue to lack the desired prognostic precision 4+ 5. Despite the considerable effort that
has gone into developing approaches to better identify and treat endometrial cancer patients
at risk for recurrence and progression, there has been little success in improving outcomes
57.

The relatively low incidence and paucity of events (recurrences and deaths) observed in
patients with endometrial cancer make comparative efficacy and outcome research difficult.
Discovery of novel molecular prognostic markers holds promise for improved risk
prediction and personalized therapeutic approaches to the management of endometrial
cancer.

As a post-transcriptional regulatory mechanism, RNA interference (RNAI) plays an
important role in carcinogenesis 8. RNAIi is orchestrated at least in part by small RNA
molecules (e.g. microRNA — miRNA and short interfering RNA — siRNA) capable of
targeting specific messenger RNAs ultimately resulting in gene silencing. Dicer is the
enzyme responsible for the cleavage of miRNA precursors. Merritt et al demonstrated that
low expression of Dicer and Drosha are associated with aggressive ovarian cancer
phenotypes and poor clinical outcomes 9. Growing evidence suggests that Dicer’s
expression levels are associated with worse clinical outcomes in various cancer types 9714.

We hypothesized that lower DICER1 expression is associated with increased risk of
recurrence and progression in patients with endometrioid endometrial cancer. We analyzed
DICER1 expression in a series of recurrent pure endometrioid endometrial tumors as the
first phase of a planned nested case-control design to test whether DICER1 transcript levels
differ between recurrent and non-recurrent cases. DICER1 expression was also evaluated in
a number of non-recurrent endometrioid endometrial tumors. We investigated tumors for
DICERL deletion (loss of heterozygosity - LOH) and promoter methylation as potential
mechanisms leading to reduced DICER1 expression in primary endometrial cancers.

Materials and Methods

Study Population

Since 1991 the Division of Gynecologic Oncology at Washington University School of
Medicine has prospectively collected matched tumor and normal tissue samples from

Cancer. Author manuscript; available in PMC 2012 April 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Zighelboim et al.

Page 3

endometrial cancer surgical specimens. None of these patients received preoperative
radiation or chemotherapy. Surgical staging for cases included in this study was assigned on
an ongoing basis based on International Federation of Gynecology and Obstetrics’ (FIGO)
1988 criteria 15. Clinical and pathologic information was prospectively collected and stored
in a computerized database. Treatment was individualized at the discretion of the patient’s
attending gynecologic oncologist. Follow-up typically occurred at 3-month intervals for the
first 2 years and then at 6-month intervals for the following 3 years. Disease surveillance
included physical examination and periodic pap smears. Diagnostic imaging and directed
biopsies are performed as clinically indicated. All suspected recurrences were histologically
confirmed. All participants have consented to enrollment in molecular studies approved by
Washington University Human Research Protection Office (protocols 91-507 and 93-0828).
Normal endometrial tissues were collected from volunteers undergoing hysterectomy for
reasons other than a cancer diagnosis (protocol 04-0949).

Selection of Cases and Controls

Pure endometrioid endometrial tumors with available outcome data and high (= 70%)
neoplastic cellularity (N=561) were considered for this study. First, we identified all women
with documented recurrence (potential “cases”, N=81). Tissue for RNA preparation was
available for 70 of these and DICERL transcript levels were successfully determined in 57
cases. Potential “controls” were identified among contemporary non-recurrent women with
available primary tumor RNA and follow-up longer than 3 years (most endometrial cancer
recurrences can be expected to occur within 2-3 years of diagnosis). DICERL1 levels could be
assessed in 112 non-recurrent tumors. Thus, a total of 169 selected tumors (cohort enriched
for recurrences) with available DICER1 expression and outcome data (recurrent N=57, non-
recurrent N=112) were included and analyzed in this study.

For the planned nested case-control analysis, we successfully matched a sub-set of cases
(N=29) to two non-recurrent controls (N=58) based on surgical stage, FIGO grade and age
using the matching library from the Comprehensive R Archive Network (R Development
Core Team, v4.7-6, http://[CRAN.R-project.org/package=Matching).

RNA extraction and DICER1 expression analysis

RNA was extracted from primary tumors using the Trizol® reagent (Invitrogen, Carlsbad,
CA) and further purified using RNEasy Mini Kit® reagents (Qiagen, Valencia, CA). RNA
concentrations were determined using Nanodrop™ spectrophotometry (Thermo Fisher
Scientific, Waltham, MA). cDNA for primary tumor RNAS, normal endometrium and the
ANB3CA cell line (normal and cell line serving as reference for our gPCR assays) was
prepared using the Quantitect® Reverse Transcription Kit (Qiagen, Valencia, CA). We
chose the AN3CA cell line because its RNA represents a “renewable resource” and by using
it as our reference allows us and other investigators to more directly compare results from
studies in additional primary tumors.

Transcript levels were determined using SYBR green methods 16. DICER1 and GAPDH
were measured using SYBR® Green Mix (Bio-Rad, Hercules, CA) and an iCycler™ with
optical module (Bio-Rad, Hercules, CA). All reactions were performed in triplicate. The
DICER1 amplicon spans exons 23 and 24 (Forward primer: 5'-
CTCCAGGCTTTTACACATGC-3' and Reverse primer: 5'-
CGATGCAAAGATGGTGTTGT-3'). Detection cycle counts for DICER1 transcripts were
determined for each tumor sample (normalized based on GAPDH levels) and standardized
relative to a pooled sample of 3 normal endometria. DICERL transcript levels were
expressed as units of AN3CA expression.
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Loss of Heterozygosity (LOH) Analysis

Tumors with the highest (N=44) and lowest (N=44) DICER1 transcript levels were assessed
for LOH using intragenic restriction fragment length polymorphisms (RFLPs). Sequences
including rs1057035 and rs1209904 were PCR amplified in tumor and matched normal
DNAs (rs1057035 Forward: 5-AGTTAGGACTGCGGAAAGCA-3' and Reverse: 5'-
GCCGTTTCACTTTTTGTTGG-3'; rs1209904 Forward: 5'-
TGCTGATCACACAGATCTTCAA-3 and Reverse: 5'-
GCTTTTGCCAAAGAAATTGG-3"). Amplification products were digested with Mwol and
HpyCHA4lV respectively (New England Biolabs, Ipswich, MA) and the resultant restriction
digestion products resolved on 10% polyacrylamide gels.

Methylation Analysis

Methylation in the DICER1 5’ putative regulatory region was analyzed by combined
bisulfate restriction analysis (COBRA) 17> 18. Tumor DNAs and a universally methylated
control (Millipore, Billerica, MA) were bisulfite converted using the EZ DNA
Methylation™ Gold Kit (Zymo Research, Orange, CA). Three COBRA assays were
designed to assess methylation at 13 CpG pairs in the approximately 1200 nucleotide
DICER1 CpG island. PCR reactions were carried out and products digested and resolved on
10% polyacrylamide gels (PCR reaction and digestion information provided in Table 1).

Statistical Analysis

Results

The relationship between DICER1 expression and clinicopathologic covariates was analyzed
in the entire study cohort (N=169) using Spearman'’s correlation and Kruskall-Wallis rank-
sum test for continuous and categorical variables respectively. Overall survival (OS) was
defined as the time from initial surgery to the date of death due to any cause. Survivors were
censored at the date of last contact. Disease-free survival (DFS) was defined as the time
from surgery to recurrence or progression. Survival distributions were described using the
Kaplan-Meier product limit method and compared using log-rank test. Univariate and
multivariate Cox proportional hazard models were fitted to assess the predictive effects of
the covariates on OS and DFS. Factors with P-values <0.2 in the univariate analysis were
included in the corresponding multivariate model. For the nested case-control the relative
DICERL expression level for cases (N=29) and 2:1 matched controls (N=58) were
compared. All analyses were two-sided, and significance was set at a P value of 0.05.
Statistical analyses were performed using SAS (SAS Institutes, Cary, NC).

Reduced DICERL1 expression in primary endometrial cancers that subsequently recurred

DICERL1 expression was assessed by gPCR in 169 endometrioid endometrial tumors. The
clinicopathologic characteristics of the study cohort are presented in Table 2. As previously
noted, the cohort was enriched for cases that recurred. Therefore, the disease and clinical
characteristics differ from what would be expected for a population based study (higher
grade and stage and more patient receiving adjuvant therapies). Median follow-up was 59.2
months (0.7 — 162.2 months) and median DICER1 expression was 1.37 (0.13 — 12.28
arbitrary units). The relative expression of the AN3CA cell line relative to our sample of
pooled normal endometria was 0.42 arbitrary units.

DICER1 mRNA level was not associated with age at diagnosis, race or surgical stage. A
clear trend for higher DICERL transcript levels in lower grade tumors was evident (grade 1:
2.19 + 1.47 expression units , grade 2: 1.73 + 1.68 expression units and grade 3: 1.73 £ 1.81
expression units; P = 0.02).
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The distribution of tumor DICERL relative expression according to recurrence status is
presented in Table 3. Univariate analysis demonstrated a significant association between
lower DICERL1 expression and decreased DFS (HR 1.38, 95%Cl: 1.07-1.78, P=0.01).
Similarly, stage 111/IV (AJCC T3,N0,MO0; T1-3,N1-2,M0; T4,Nx,MO0 and Tx,Nx,M1) disease
(HR 2.43, 95%CI: 1.40-4.24, P=0.002) and FIGO grade 3 (HR: 2.05, 95%ClI: 1.01-4.18,
P=0.04) were all associated with worse DFS. Age, race and use of adjuvant therapy were not
associated with DFS. Univariate analysis also demonstrated that older age (HR 1.03, 95%CiI:
1.01-1.05, P=0.01), stage H1/1V (HR 3.81, 95%Cl: 2.21-6.57, P<0.0001) and FIGO grade 3
(HR 2.57, 95%CIl: 1.30-5.06, P=0.007) were associated with worse OS. DICER1 expression
(HR 1.14, 95%CIl: 0.95-1.37, P=0.17), race and use of adjuvant therapy did not appear
associated with OS on univariate analysis. Kaplan-Meier survival curves for DFS and OS in
relation to DICER1 expression stratified as higher or lower than median expression for the
cohort are presented in Figure 1.

Multivariate analysis confirmed the association of lower DICER1 expression and worse DFS
(HR 1.36, 95%CIl: 1.05-1.75, P=0.02). Advanced stage (HR 2.79, 95%ClI: 1.59-4.90,
P<0.001) also remained associated with worse DFS. Multivariate analysis of DICER1
expression did not reveal a significant association with OS (HR 1.18, 95%CIl: 0.98-1.43,
P=0.09). Older age (HR 1.04, 95%CI: 1.02-1.06, P<0.0001), advanced stage (HR 6.41,
95%Cl: 3.57-11.52, P<0.0001) and high grade (HR 2.96, 95%CI: 1.46-5.99, P=0.003)
remained significantly associated with worse OS.

As planned, we studied a sub-set of 87 matched cases (N= 29) and controls (N=58) to
further assess the association of DICER1 expression levels and disease recurrence. As
expected, tumors that recurred had significantly lower DICERL transcript levels (median
0.97, range 0.13-7.60 expression units) than tumors that did not recur (median 1.50, range
0.29-12.30 expression units, P=0.01).

LOH and methylation studies

The sub-set of tumors with the highest (N=44) and lowest (N=44) transcript levels, were
assessed for DICER1 LOH using two intragenic single nucleotide polymorphisms
(rs1057035 and rs1209904). PCR amplification was successfully completed in all cases and
58 tumors were informative for at least one marker (31 “high DICER1 expressors” and 27
“low DICER1 expressors”). Loss of heterozygosity or allelic imbalance was only identified
in 3 tumors (DICER1 transcript levels = 0.48, 2.38 and 12.29 expression units respectively).
Representative examples of LOH / allelic imbalance demonstrated by RFLP analyses are
presented in Figure 2.

Three COBRA assays were used to assess the methylation status of 13 CpG pairs in the 5'-
UTR region of the DICER1 gene. We evaluated a sub-set of tumors with the highest and
lowest DICERL1 transcripts. A total of 34 tumors (9 “high DICER1 expressors” and 25 “low
DICERL1 expressors™) were evaluated with at least two COBRA assays. No methylation was
observed in any of the tumors analyzed (data not shown).

Discussion

Considerable effort has gone into developing approaches to better identify endometrial
cancer patients at risk for disease progression and recurrence. Despite complete surgical
staging, many women recur or progress and ultimately die from their disease. The 1988
FIGO surgical staging that was used for risk stratification for more than two decades as well
as complex clinicopathologic algorithms developed for therapeutic triage, lack the desired
prognostic precision 4 50 7: 19. The need for an accurate risk stratification system for
patients with endometrial cancer has motivated multiple efforts aimed at identifying
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prognostic biomarkers 20727. Molecular biomarkers may potentially identify women at high
risk for recurrence and death, predict response to currently available treatments and direct
the development of novel targeted therapies.

Alterations in miRNA expression and processing seem to play important roles in human
carcinogenesis 8. In this study, we found that DICER1 expression levels vary widely in
primary endometrioid endometrial tumors. Furthermore, lower transcripts are associated
with worse clinical outcomes as evidenced by a significantly increased risk of recurrence
and an obvious trend towards worse overall survival among patients with tumors with low
DICERL transcripts. Prior studies have suggested that levels of several components of the
RNA-induced silencing complex (RISC) are associated with clinical outcomes in various
cancer types 9714. Reduced DICER1 expression has been associated with worse prognosis in
lung 9+ 10+ 28, ovarian 9 and breast cancer 9: 29. On the other hand, higher DICER1
transcript levels seem to represent a poor prognostic factor in prostate cancer 12. Other
studies have not found an association between DICER1 expression levels and clinical
outcomes in other malignancies such as esophageal cancer 11 and acute myeloid leukemia
14. These discrepancies suggest that specific effects derived from alterations in miRNA
processing may be tumor site specific. How DICER1 contributes to the initiation and
progression of malignancies is only beginning to be understood. Altered miRNA expression
can be expected to occur as a result of variations in pre-miRNA processing by Dicer.
Fluctuations in miRNA expression have been shown to regulate expression of key tumor
suppressor genes and oncogenes 30. Most recently, Dicer has been shown to play an
important role in early apoptotic DNA degradation in C. elegans 31. It is possible that other
incompletely understood key cellular processes may also be regulated through similar or
novel nuclease activities.

The specific mechanisms responsible for variations in DICER1 transcript levels remain
elusive. Kumar et al recently studied the effects of conditional DICER1 mutation on several
mouse cancer models and noted that partial loss of DICER1 promotes tumor development
32. The authors also referred to frequent loss of one allele of DICER1 in human tumors
(hemizygous deletion) and lack of high-level amplifications or homozygous deletion of the
DICER1 locus 32735. Taken together these findings led the authors to suggest that DICER1
functions as a haploinsufficient tumor suppressor 32. In our evaluation of 58 tumors
representing the highest and lowest levels of DICER1 mRNA, we identified LOH and/or
allelic imbalance in only 3 cases (5.2%, 2 high-expression and 1 low-expression DICER1
tumors). Interestingly, the tumor with the highest transcript level had evidence of allelic
imbalance. Our findings argue against haploinsufficiency as a significant control mechanism
of DICERL expression in endometrioid endometrial tumors. It is important to note that we
did not test for mutations (that could lead to nonsense mediated decay) or other
unappreciated cis regulatory mechanisms that could explain overall reduction in DICER1
transcript levels.

DNA methylation and concomitant histone modification are frequently associated with
decreased transcription in normal and cancer cells. We sought to determine whether
methylation of CpG sites in the 5'-UTR region of DICER1 was associated with decreased
expression in primary endometrioid endometrial tumors. We found no evidence for
methylation. This observation is consistent with a previous report in lung tumors and
suggests that different regulatory mechanisms are involved in the transcriptional control of
DICER1 10.

In conclusion, we have shown that lower DICER1 transcript levels correlate with worse

disease free survival in patients with endometrioid endometrial tumors. The mechanisms
responsible for variations in DICER1 expression in endometrial cancer remain unknown. In

Cancer. Author manuscript; available in PMC 2012 April 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Zighelboim et al.

Page 7

the future, assessment of DICER1 expression may prove useful for risk assessment. Novel
therapies that utilize RNAI are under development 36 37. Our findings may provide the
foundation for utilization of personalized novel RNAi-based therapeutics in patients with

en

Supplement

dometrioid endometrial cancer at high risk for recurrence.
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Figure 1.

Kaplan-Meier curves for disease free survival (A) and overall survival (B) stratified by
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median DICER1 expression arbitrary units (<1.37 / > 1.37). Numbers indicate survivors in

each group at each censor point.
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Figure 2. Loss of heterozygosity analyses

Panel A: PCR amplification products of marker rs1057035 in representative normal (N) /
tumor (T) pairs digested with Mwol. Tumor 1870 demonstrates LOH (DICER1 expression =
2.38 arbitrary units).

Panel B: PCR amplification products of marker rs1209904 in representative normal (N) /
tumor (T) pairs digested with HpyCHA4IV. Tumors 1641 (DICER1 expression = 12.29
arbitrary units), 1870 (DICER1 expression = 2.38 arbitrary units) and 1907 (DICER1
expression = 0.48 arbitrary units) demonstrate allelic imbalance.

White arrows indicate the allelic fragment(s) with reduced intensity.
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Table 1
COBRA Assays
. * . * Amplicon Endonuclease
Assay Forward Primers Reverse Primers Size (bop)  Fragment Sizes (bp)

COBRAL Outer: ttTtTattatTtggggatT Outer: AaAaatcccactAActcc 528 BssHII

Inner: gggaggtgTtTagagggaag nner: cccaAccactcaAAaAcaAA 276 139/98/37/2
COBRA? Outer: gTTaggTTTtgtTTaatTaTagg uter: tcacaAcccaAAcctc 327 BstUl

Inner: gggagT TagtgggattTtT Taag nner: caAAttactccattcacctAAAcc 163 80/42/41
o 3 Outer: gggagg T Ttggg Ttgtg Outer: cctAacaAtaatcacacaAAacc 590 Hpy99l

BRA
Inner: gaggTagTTTtgggagaTt Inner: AAAccccaAAAtActcc 179 147132

Page 11

*
Uppercase T or A in primer sequence represent residues (cytosines) converted by bisulfite treatment in the reading or complementary strand

respectively

COBRA: Combined bisulfite restriction analysis
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Table 2

Demographic and Clinicopathologic Characteristics

Age (years)
Race
Caucasian
Non-Caucasian
Stage (AJCC /FIGO 1988)
|
1l
1l
v
FIGO grade
1
2
3
Adjuvant treatment

No

Yest

Events

Recurrence / Progression

Death

DICER1 expression ' T

N =169
n %
65.9 +11.5
149 882
20 118
81 479
24 142
49 290
15 89
50  29.6
69  40.8
50  29.6
76 45
93 55
57 337
67  39.6
187+11%

*
Mean + standard deviation

TAdjuvamt therapy included: radiotherapy (n=53), chemotherapy (n=20), radiotherapy + chemotherapy (n=15), hormonal therapy (n=3),
radiotherapy + hormonal therapy (n=1) and chemotherapy + hormonal therapy (n=1).

Tt

DICERL1 arbitrary expression units relative to pooled normal endometria

FIGO: International Federation of Gynecology and Obstetrics

AJCC: American Joint Committee on Cancer
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Table 3

Tumor DICER1 Relative Expression According to Recurrence Status

Recurrent (N =57)  Non Recurrent (N = 112)
Relative Expression

n (%) n (%)

<1 22 38.6 26 232
1-2 24 421 42 375
>2-3 8 14.0 22 19.6
>3-4 2 35 11 9.8
>4-5 - - 6 54
>5-6 - - 2 18
>6 1 1.8 3 2.7

1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

*
DICERL arbitrary expression units relative to pooled normal endometria

Cancer. Author manuscript; available in PMC 2012 April 1.



