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A comprehensive analysis of the expression, epigenetic
and genetic changes of HNF1B and ECI2 in 122 cases
of high-grade serous ovarian carcinoma
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Abstract. High-grade serous ovarian cancer (HGSC) is
the most common subtype of ovarian cancer, with a poor
prognosis; however, most studies concerning ovarian carci-
noma have focused mainly on clear cell carcinoma. The
involvement of hepatocyte nuclear factor 1§ (HNF1B) in the
carcinogenesis of HGSC has not yet been fully elucidated.
To the best of our knowledge, the present study is the first
to analyse the expression of the possible downstream target
of HNFI1B, enoyl-CoA (A) isomerase 2 (ECI2), in HGSC.
The present study performed a comprehensive analysis of
HNFI1B mRNA and protein expression, and epigenetic and
genetic changes, as well as an analysis of ECI2 mRNA and
protein expression in 122 cases of HGSC. HNF1B protein
expression was detected in 28/122 cases, and was posi-
tively associated with lymphovascular invasion (P=0.025).
Protein expression of ECI2 was detected in 115/122 cases,
but no associations with clinicopathological variables were
revealed. Therefore, ECI2 does not seem to function as a
suitable prognostic marker for HGSC. In the sample set,
a positive correlation between HNF1B and ECI2 protein
expression was detected (P=0.005). HNFIB mRNA was
also positively correlated with HNF1B protein expression
(P=0.001). HNFIB promoter methylation was detected in
26/67 (38.8%) of cases. A novel pathogenic somatic HNFIB
mutation was detected in 1/61 (1.6%) of the analysed HGSC
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cases. No other correlations between the examined SNPs
(rs4430796, rs757210 and rs7405776), HNF1B promoter
methylation, HNF1B/ECI2 expression or clinicopatho-
logical characteristics were found.

Introduction

Hepatocyte nuclear factor 1 (HNFIB) is a transcrip-
tion factor which plays a crucial role during embryonic
development and differentiation of various organs (liver,
kidney, lung, gonads, biliary system, and pancreas) (1).
The HNF1B protein regulates the expression of multiple
genes involved in cell cycle modulation, susceptibility
to apoptosis, and response to oxidative stress (2,3). A
growing number of studies have demonstrated the poten-
tial involvement of HNFIB in the tumorigenesis of some
solid tumours. However, the precise mechanism by which
HNFI1B influences tumour development has not yet been
fully elucidated. Recent findings suggest that HNF1B
may act either as a tumour suppressor or an oncogene
in different cancers, depending on the type of tissue
and the tumour (4). Some authors regard HNFIB as a
pro-differentiation factor with a suppressive influence on
epithelial-to-mesenchymal transition (EMT) in unmethyl-
ated healthy tissues (5). However, others have described
its role as an epithelial-specific oncogene, which induces a
cancerous phenotype, epithelial-to-mesenchymal transition,
and invasive behaviour (6).

To date, the only studies concerned with the involvement
of the HNFIB gene in the carcinogenesis of tumours of the
female genital tract are mostly genome-wide associated
studies (GWAS), exploring the influence of single nucleotide
polymorphisms (SNPs) on ovarian and endometrial cancers.
It has been reported that in endometrial cancer there is an
association between the SNP rs4430796 and the risk and
prognosis of the disease (7-11). In ovarian cancer, several
SNPs of interest have been identified. The SNP rs757210
was found to be associated with promoter methylation in
high-grade serous carcinoma (HGSC), and its involvement
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also reached borderline significance in ovarian clear cell
carcinoma (OCCC) (5). There are other SNPs which have
also been implicated in influencing promotor methylation:
SNP rs7405776 is associated with increased methylation in
HGSC, and SNP rs11651755 was reported to be associated
with unmethylated status and an increased HNF1B expres-
sion in OCCC (10).

The immunohistochemical expression of HNFIB
was initially considered to be a highly specific marker of
OCCC (7). However, recent studies have also described the
positivity of HNF1B in some other malignant and benign
tumours of the female genital tract, and even in non-neoplastic
endometrial lesions and normal endometrium (12-14). These
findings demonstrate that the specificity of HNFIB is less
than was originally assumed. However, if we take into account
the staining intensity, then the characteristic diffuse strong
nuclear expression has been found predominantly in clear cell
carcinomas (15,16).

Concerning the downstream targets, the transcrip-
tion factor HNF1B seems to be involved in several key
regulatory pathways including cell cycle regulation, epithe-
lial-mesenchymal transition, cell migration, adhesion, and
proliferation. One of the possible downstream targets of
HNFI1B seems to be enoyl-CoA-(A) isomerase 2 (ECI2),
which belongs to the acyl-CoA-binding domain (ACBD)
family (17). The ECI2 enzyme plays a role in glucose
and lipid metabolism, allowing for the re-entry of the
enoyl-CoA into the f-oxidation cycle (18,19). Currently,
the exact role of ECI2 in carcinogenesis is still poorly
understood. However, a recent study has shown that the
inhibition of expression of ECI2 in prostate cancer leads
to decreased glucose utilization, the accumulation of fatty
acids, and the down-regulation of the cell cycle-associated
genes (19). Furthermore, the regulatory role of HNF1B in
ECI2 expression was investigated on a mouse model of
prostate cancer (17). The authors found that the increased
expression levels of HNFI1B in the initial stages of prostatic
cancer play a tumour-protective role and are associated with
ECI2 upregulation. Nevertheless, the precise mechanism
explaining the possible interactions between HNF1B and
ECI2 and their role in tumorigenesis have not yet been fully
elucidated. ECI2 is targeted to mitochondria and peroxi-
somes, and probably mediates their mutual interaction (20).
The data about the expression of ECI2 in ovarian cancer is
currently unknown.

This is the first retrospective analysis of a large subset
of HGSC which includes a complex genetic, epigenetic,
and histochemical analysis of HNF1B, complete with an
analysis of the possible HNF1B's downstream target ECI2.
The goals of our study were: i) To perform a comprehensive
molecular and immunohistochemical analysis of HNF1B
in HGSC, including the protein and mRNA expression, and
the epigenetic and genetic changes of HNF1B, ii) to perform
a protein and mRNA expression analysis of its downstream
target ECI2, iii) to correlate HNF1B methylation with
mRNA or protein expression, and to study the association
of HNFI1B and ECI2 expression, iv) to analyse the relation-
ship between the molecular and immunohistochemical
patterns with the clinicopathological variables and clinical
outcomes.

Materials and methods

Samples. Formalin-fixed paraffin-embedded (FFPE) tissue
blocks were primarily used for the analyses. Where available,
the corresponding fresh-frozen tissue (FT) extracted from
the same individuals was used for the subsequent molecular
DNA/RNA analysis. The FFPE samples were obtained from
the archive files of the Institute of Pathology, and the FT samples
were provided by the Bank of Biological Material (BBM) of
the First Faculty of Medicine, Charles University in Prague.
The FFPE samples were stored in the archives at 10-14°C
and the FT samples were stored in the RNAlater stabilization
solution (Qiagen) at -80°C, according to the manufacturer's
protocol (Stabilization of RNA in Harvested Animal Tissues;
Qiagen).

In total, 122 FFPE samples of HGSC were selected for
immunohistochemical analysis, including 69 cases with an
available FT for subsequent epigenetic, genetic, and expres-
sion analysis. All FFPE and FT tissue samples were reviewed
by senior pathologists who selected the eligible areas for
tumour analysis. The mean age of patients was 59 years
(median, 60 years; range, 36-81 years). The clinicopatholog-
ical characteristics of the samples analysed are summarized
in Tables I and II.

Immunohistochemical analysis. The FFPE blocks were used
for the construction of the tissue microarrays (TMAs). Two
cores (each 2.0 mm in diameter) were taken from a single donor
block from each case, using the tissue microarray instrument
TMA Master (3DHISTECH Ltd.). All samples of FFPE tissue
were sectioned at a thickness of 4-5 ym, and the immunohis-
tochemical (IHC) analysis was performed using an antibody
against HNFI1B (polyclonal, dilution 1:500; Sigma-Aldrich;
Merck KGaA), and a rabbit antibody against ECI2 (polyclonal,
dilution 1:100, product no. ab235322; Abcam) in the automated
staining instrument Ventana BenchMark ULTRA (Roche).
Heat induced antigen retrieval, including pre-treatment, was
carried out in a citrate buffer (pH 6.0). For visualization, the
OptiView DAB THC Detection Kit (Ventana, Roche) was used.
For HNF1B, only nuclear staining was regarded as positive,
and for ECI2 only the cytoplasmic staining was evaluated. The
expression of both markers was double-blindly evaluated by
two pathologists.

The immunohistochemical results were assessed
semi-quantitatively, using the H-score method described previ-
ously by others (21). The H-score combines the percentage of
positive cells and the level of staining intensity (1+ for weak,
2+ for moderate, and 3+ for strong intensity). The final H-score
is then calculated according to the following formula: [1 x (%
of cells 1+) + 2x (% of cells 2+) + 3x (% of cells 3+)], with the
results ranging from O to 300.

DNA and RNA isolation, quality control and cDNA synthesis.
Firstly, the FT tissues were thawed and homogenized (10-30 mg)
in the presence of 600 yl of RLT Buffer (Qiagen) with 6 ul
of 14.3M 2-mercaptoehthanol (Sigma-Aldrich; Merck KGaA)
using MagNA Lyser Green Beads tubes in MagNA Lyser
Instrument (Roche), as described in Bartu et al (22).

The total DNAs and RNAs were isolated according to the
Simultaneous Purification of Genomic DNA and Total RNA



ONCOLOGY LETTERS 21: 185, 2021 3

from Animal Tissues protocol using an AllPrep DNA/RNA Mini
kit (Qiagen). The isolated DNA and RNA samples were quanti-
fied by the NanoDrop 2000 (Thermo Fisher Scientific, Inc.).

The RNA Quality Number (RQN) of the isolated total
RNA was determined using the Fragment Analyzer (AATI)
capillary electrophoresis system and Standard RNA kit
(AATTI). Those RNA samples with an RQN lower than 7.5 were
removed from further analysis (tissue samples RQN mean=9.3;
range 5-10). Otherwise, 3.75 ug of total RNA of each sample
(where available) was treated by DNase I (Thermo Fisher
Scientific, Inc.), and cDNA was synthetized in a 40 pl reaction
using SuperScript III Reverse Transcriptase (Thermo Fisher
Scientific, Inc.) with random hexamers (Roche) as described
in Dundr et al (23).

HNFIB mutation analysis. The mutation analysis of the
HNFI1B gene included the analysis of all the coding region
(exons 1-9, RefSeq NM_000458.2) with adjacent intronic
sequences (15 bp) and two deep intronic regions containing
the rs7527210 and rs4430796 polymorphisms. The FT samples
were analysed by amplicon next generation sequencing, as
described previously (22).

Primers for the analysis of rs7405776 were designed
(rs7405776_Forward: agccacagactctagatctgg, rs7405776_
Reverse: caaagtgctgggattataagtgtg), and the amplicons were
sequenced by Sanger sequencing on the ABI3500 Genetic
Analyser (Thermo Fisher Scientific, Inc.).

Mutations which are not found in the literature, the Single
Nucleotide Polymorphism Database (dbSNP, http:/www.ncbi.
nlm.nih.gov/SNP/), the ClinVar Database (https:/www.ncbi.
nlm.nih.gov/clinvar/), or in the Catalogue of Somatic Mutations
in Cancer (COSMIC, http://www.sanger.ac.uk/cosmic; data-
bases accessed September 2020) are considered as novel.

HNFIB promoter methylation analysis. The epigenetic analysis
of the HNF1B promoter region was performed as described
previously (22). The isolated DNA was converted using the EZ
DNA Methylation-Lightning Kit (Zymo Research) according
to the manufacturer's instructions. The primers for the PCR
amplification of both the methylated and unmethylated alleles
were designed using Methprimer software (http:/www.
urogene.org/cgi-bin/methprimer/methprimer.cgi;): HNF1B_
met_forward TTTTTGGATTTGTTAAGTTAGTGTTTT,
HNFI1B_met_reverse CCCTTCCTAAATAATCAATTTCTC
TT (PCR product chr17:36105251-36105506, GrCh37). The
PCR amplification was carried out using the following protocol:
95°C_12 min, 40x (95°C_15 sec, 58°C_30 sec, 72°C_30 sec),
72°C_5 min, and followed by melting curve analysis in the
LightCycler 480 II instrument (Roche). The amplification
and melting curves were analysed by the LightCycler 480 II
Software, and then compared to the control mixes.

Analysis of mRNA expression. The expression analysis was
performed by using cDNA samples and the droplet digital
PCR system (ddPCR; Bio-Rad). All the ddPCR steps,
including the expression of three potential reference mRNA
targets (POLR2A, HPRT1 and ATP5F1B), two HNFI1B
mRNA targets (in 5' and 3'UTR), and one ECI2 target, as well
as repeatability and reproducibility, were optimized prior to
the general ddPCR analysis.

The ddPCR reactions were prepared according to
the manufacturer's instructions using the QX200 ddPCR
EvaGreen Supermix (Bio-Rad), 1 ul of cDNA template
(which corresponds to approximately 90 ng of total RNA)
and 4 pmol of each of the primer pairs (200 nM final
concentration) in 20 ul of reaction volume. Master mix
droplets were generated by the QX200 AutoDG instrument
(Bio-Rad), and the samples were amplified by a 5 min incu-
bation at 95°C, then 40 cycles of 95°C for 30 sec and 58°C
for 1 min, followed by the final signal stabilization steps
consisting of 4°C for 5 min, finishing with 90°C for 5 min.
The resulting data was acquired using the QX200 Droplet
Reader instrument (Bio-Rad) with the standard acquisition
protocol for the EvaGreen master mix and analysed by
QuantaSoft software (Bio-Rad). The threshold for positive
droplet signals of each of the three final amplicons (refer-
ence POLR2A; HNFI1B 3'UTR and ECI2 targets) was set as
the average value of the thresholds, which were calculated
automatically by the QuantaSoft software during the optimi-
zation steps. The thresholds of all the acquired targets were
manually confirmed. The final data of the targets (HNFI1B
and ECI2), expressed as the number of templates in 20 ul of
the master mix (which corresponds to 1 ul of cDNA), were
re-calculated to the number of targets per one thousand refer-
ence POLR2A targets, and analysed as described below in
the Statistical analysis section. Only samples with a positive
HNFI1B mRNA expression (the reliable limit for positivity
was set to more than 50 copies/ul of cDNA) were further
compared to the mRNA ECI2 expression.

Statistical analysis. All the statistical analyses were
performed using the software Statistica (TIBCO). The
Shapiro-Wilk test was used to control data normality. With
respect to the non-normal data distribution, non-parametric
analyses were conducted (Mann-Whitney U test or
Kruskal-Wallis H-test) in order to analyse the association
between HNF1B or ECI2 protein expression (H-score)
and the clinico-pathological variables (age at the time of
diagnosis, FIGO stage, lymphovascular invasion (LVSI),
neoadjuvant therapy, local and distant recurrence, and, in
the case of HNFI1B, promoter methylation status and the
presence of the three analysed SNPs: rs4430796, rs757210,
rs7405776. For the evaluation of the effect of independent
clinicopathological characteristics on the categorized
H-score or methylation status, the Pearson y? test or the
Fisher's exact test was used, depending on the expected
frequencies (24). Correlations between two continuous
variables were analysed using Pearson's method.

For the purposes of %* tests and survival analyses, the
H-score of both HNF1B and ECI2 was categorized into two
groups with respect to their median values (HNF1B: Group 1:
H-score 0-19; group 2: H-score 20-300; ECI2: Group 1:
H-score 0-99, group 2: H-score 100-300).

Survival analyses were plotted using the Kaplan-Meier
model and the differences between curves were tested for
significance using the log-rank test. Disease-free survival
(DES), local recurrence-free survival (LFS) and metas-
tasis-free survival (MFS) were defined as the time from the
date of the diagnosis to the date of a specific event: Death as a
result of the diagnosis (DFS), the first local recurrence (LFS)
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and/or the first distant metastasis (MFES). If the patient did not
show any of the monitored events, the case was censored in
the analysis at the date of the last follow-up. The probability of
survival between the HNF1B and ECI2 H-score group 1 and
group 2 was also compared. All tests were two-sided and a
P-value of <0.05 was considered as significant.

The Cancer Genome Atlas (TCGA) data access and analysis
of HNFIB promoter methylation and mRNA expression
of HNFIB and ECI2. The data from the TCGA, including
the clinico-pathological findings and mRNA expression
(z-score) of HNFI1B and ECI2, was downloaded through the
cBioPortal (www.cbioportal.org; (TCGA, Ovarian Serous
Cystadenocarcinoma, Firehose Legacy, access June 2020)).
Additionally, the HNF1B promoter methylation data was
downloaded through the portal https://mexpress.be/ (gene:
HNFI1B, cancer type: Ovarian serous cystadenocarcinomas,
access April 2020) to compare our results. The TCGA sample
set included 569 samples of the histological type of serous
cystadenocarcinoma with stated stage, neoplasm histologic
grade 2 or 3, and methylation status. The mRNA expression
of HNF1B and ECI2 was available only for 178 of these
samples. The locus cg12788467 (position to the relative tran-
scription start site -238, GRCh37), which is also included in
our analysed promoter region, was used for the investigation
of the methylation status of the HNF1B promoter region. The
p-value >0.3 of this locus was determined as hypermethyl-
ated (25).

Results

Immunohistochemical findings and clinicopathological
associations. The immunohistochemical analysis of both
markers (HNF1B and ECI2) was performed in all 122 cases of
HGSC. The nuclear protein expression of HNF1B was gener-
ally very low (mean=21.8, median=0). The HNFIB positivity
was observed in 28 cases (H-score ranging from 20 to 99 in
15 cases, H-score ranging from 100 to 200 in 13 cases). The rest
of the samples were negative (H-score=0, n=112; Fig. 1A). The
intensity of staining was mostly mild to moderate (Fig. 1B).
Focal strong nuclear staining was observed in 17 cases, but
the portion of positive cells did not exceed 30% of all the
tumour cells. None of our cases exceeded an H-score value
of 200. The cytoplasmic expression of ECI2 ranged from
0 to 190 (mean=107.3, median=105; Fig. 1C). Seven cases did
not express ECI2 at all (H-score=0; Fig. 1D). Adjacent non
neoplastic ovarian tissue showed positive cytoplasmic staining
of ECI2 and nuclear negativity of HNF1B staining in all
samples.

A higher protein HNF1B expression was associated with
lymphovascular invasion (Z=-2.23, N=91, P=0.025; Table I).
No other significant associations of HNF1B or ECI2 protein
expression with clinico-pathological characteristics were
observed (Tables I and II).

The relationship between HNF1B or ECI2 expression and
disease outcome, including disease-free survival (DFS), local
recurrence-free survival (LFS), and metastasis-free survival
(MFS) was analysed. No significant association between
the HNFI1B or ECI2 expression (H-score categorized into
two groups, as described in Materials and methods) and the

probability of DFS (Z=1.39, N=120, P=0.164/Z=-0.32, N=120,
P=0.746,respectively), LFS (Z=-0.09,N=102,P=0.922/7=0.32,
N=102, P=0.750, respectively), or MFS (Z=-0.06, N=102,
P=0.948/7=-0.11, N=102, P=0.915, respectively) was found.
However, we observed a non-significant trend suggesting an
association between a lower HNF1B expression and a higher
probability of disease-free survival (Fig. 2).

Relationship between genetic, epigenetic, and expression
characteristics. The mutation analysis of HNF1B was success-
fully performed on 61 FT tumour samples. In one of the 61
(1.6%) analysed tumour samples, a nonsense somatic mutation
NM_000458.2: ¢.1063C>T, p.(Q355X) with a variant allele
frequency 68% was found. This case showed complete nega-
tivity of the HNFIB protein expression (H-score=0), together
with moderate positivity of ECI2 (H-score=100).

The HNFIB promoter methylation was detected in 26
(38.8%) of the 67 analysed samples. The methylation status did
not correlate with any of the tested clinicopathological charac-
teristics (Table III). Moreover, none of the three investigated
SNPs (rs7405776, 154430796, and rs7527210) showed any asso-
ciation with HNF1B protein expression (Table I) or HNFIB
promoter methylation (Table IIT). Samples without HNFIB
promoter methylation had a significantly higher HNFI1B
mRNA expression (Z=2.91, N=46, P=0.003). Association of
HNFI1B promoter methylation with protein expression was
marginally non-significant (Z=1.91, N=67, P=0.056).

Correlations of HNFIB and ECI2 expression on mRNA and
protein level. HNF1B expression was successfully analysed
in all of the 122 HGSC FFPE samples (protein) and corre-
sponding 47 FT samples (mRNA). ECI2 mRNA expression
was analysed in a limited subset of 14/47 (29.8%) FT samples,
where the HNFIB mRNA expression was positive. ECI2
protein expression was successfully analysed and compared in
all 122 HGSC samples.

Increased mRNA expression of HNF1B significantly corre-
lated with increased protein expression (F=12.18, R?=0.213,
N=47,P=0.001; Fig. 3). A positive correlation was not observed
for ECI2 mRNA and protein expression (F=0.51, R*=0.041,
N=14, P=0.488, Fig. 3). A significant positive association was
observed when comparing HNF1B with ECI2 protein expres-
sion (F=8.03, R*=0.063, N=122, P=0.005; Fig. 3), however,
no association was observed for mRNA expression (F=0.05,
R?=0.005, N=14, P=0.816; Fig. 3). However, these results may
be influenced by the limited number of samples.

Re-analysis of mRNA and epigenetic status of TCGA dataset.
Based on TCGA data, the methylation of the HNF1B promoter
was detected in 315/569 (55%) samples of HGSC. A signifi-
cantly higher expression of HNFIB mRNA was detected in
the non-methylated cases, in comparison to the methylated
cases (Z=3.32, N=71, P<0.001). No statistically significant
correlation between the mRNA expression of HNF1B and
ECI2 was found (F=0.25, R*=0.001, N=71, P=0.614).

Discussion

HNFIB is a transcriptional factor implicated in the carcino-
genesis of solid tumours, and its role in the tumorigenesis of
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Figure 1. Immunohistochemical staining of HNF1B and ECI2 in HGSC. (A) Complete lack of nuclear expression of HNF1B (x200). (B) Variably intense (mild
to strong) nuclear expression of HNF1B (x200). (C) Variably intense (mild to strong) cytoplasmic expression of ECI2 (x200). (D) Complete lack of cytoplasmic
expression of ECI2 (x200). HGSC, high-grade serous ovarian cancer; HNF1B, hepatocyte nuclear factor 1f; ECI2, enoyl-CoA (A) isomerase 2.
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Figure 2. Kaplan-Meier plot of the estimated probability of (A and D) disease-free, (B and E) local recurrence-free and (C and F) metastasis-free survival
in relation to H-score of HNF1B/ECI2 (HNF1B: Group 1: H-score 0-19; group 2: H-score 20-300; ECI2: Group 1: H-score 0-99, group 2: H-score 100-300).
Censored/complete cases are reported in parentheses. HNF1B, hepatocyte nuclear factor 18; ECI2, enoyl-CoA (A) isomerase 2

the female genital tract has so far mostly focused on clear cell
carcinomas, especially OCCC (7,26,27). However, the expres-
sion of this marker was also found in HGSC and in other types
of ovarian tumours (28,29). HGSC is the most common and
most aggressive subtype of ovarian cancer with poor prog-
nosis, accounting for up to 80% of all deaths from ovarian
carcinoma (30). The possible involvement of HNF1B in the
carcinogenesis of HGSC has not yet been fully elucidated. In

HGSC, the expression of HNF1B is predominantly low, and
the current hypothesis is that in this context HNF1B acts as a
tumour suppressor gene (5,7,26).

Some knowledge about this issue can be found in the
GWAS, which were mostly focused on the involvement of
various SNPs in ovarian cancer. Ross-Adams et al exam-
ined the relationship between SNPs and epigenetic changes
in ovarian and prostatic cancers, also exploring their



6 NEMEJCOVA er al: HNFIB AND ECI2 IN HIGH-GRADE SEROUS OVARIAN CARCINOMA

Table I. Association of HNF1B protein expression (H-score) and clinicopathological characteristics, based on 122 cases of

HGSC.
Characteristic N  H-score mean H-score median P-value H-score group 1 H-score group 2 P-value
Age of diagnosis (mean=59, 0.094° 0.273¢
median=60), years
<60 59 13.8 0 48 11
=60 63 293 0 46 17
FIGO* 0.953° 0.676¢
I 10 27.6 0 7 3
I 7 18.6 0 6 1
I 83 22.5 0 62 21
v 20 19.2 0 17 3
Lymphovascular invasion® 0.025° 0.023¢
Yes 63 27.7 0 45 18
No 28 8.6 0 26 2
Neoadjuvant therapy 0.607° 0.768¢
Yes 28 244 0 21 7
No 94 209 0 73 21
Local recurrence® 0.261° 0.734¢
Yes 55 16.8 0 42 13
No 49 29.5 0 36 13
Distant recurrence® 0.087° 0.651¢
Yes 52 15.8 0 40 12
No 52 30.1 0 38 14
Methylation® 0.056" 0.089¢
Yes 26 12.3 0 23 3
No 41 21.6 0 29 12
rs4430796* 0.993° 0.535¢
Yes 44 204 0 35 9
No 21 13.9 0 15 6
rs757210* 0.613° 0.476°
Yes 52 17.9 0 41 11
No 13 19.8 0 9 4
rs7405776 0.071° 0.115¢
Yes 44 248 0 31 13
No 21 50 0 19 2

“Data not available for all cases; "P-values are based on Mann-Whitney U test or Kruskal-Wallis H-test; “P-values are based on Pearson y’ test;
dP-values are based on Fisher exact test. The protein expression of HNF1B was categorized into group 1 (H-score 0-19) and group 2 (H-score 20-300).

potential influence on EMT. They found a significant asso-
ciation between the SNP rs757210 and tumour methylation
of HNF1B in HGSC, but there was no significant association
with HNFI1B expression levels (5). Other authors, such as
Shen et al, investigated selected SNPs in HGSC (rs7405776)
and OCCC (rs11651755), and they did not prove any signifi-
cant, but only borderline association between rs7405776 and
increased promoter methylation in HGSC (P=0.07) (10). In
accordance with those findings our results also showed no
significant relationship between promoter methylation and
rs7405776, or the other SNPs (rs4430796, and rs757210)
which are most commonly implicated in carcinomas of
the female genital system (Table III). Therefore, it is not

surprising that we and others have also observed no associa-
tion between the abovementioned SNPs and HNF1B protein
expression or mRNA expression (5,10).

We observed methylation of the HNFIB promoter region
in 38.8% (26/67) HGSC, which is similar to the observations
of other authors: 41.3% (12/29) (31), 42% (120/286) (10), 45%
(18/40) (32) and 50.8% (31/61) (33). However, the TCGA data
shows a higher frequency of methylated HGSCs (55.4%;
315/569). Our data showed no statistically significant corre-
lation between the methylation status and any other tested
characteristics, including the tumour stage (Table III), which
is in concordance with other studies (31). Data from studies
published by Bubancova et al, Baranova et al, and the TCGA
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Table II. Association of ECI2 protein expression (H-score) and clinico-pathological characteristics, based on 122 cases of HGSC.

Characteristic N H-score mean H-score median P-value H-score group 1 H-score group 2 P-value
Age of diagnosis (mean=59, 0.673° 0.508¢
median=60), years
<60 59 110.1 105 14 45
=60 63 104.7 105 18 45
FIGO* 0.372° 0.242¢
I 10 96.7 102 4 6
I 7 119.5 120 0 7
I 83 106.2 105 21 62
v 20 107.6 102 7 13
Lymphovascular invasion® 0.217° 0.278°¢
Yes 63 104.3 104 18 45
No 28 116.1 114 5 23
Neoadjuvant therapy 0.901° 0.511¢
Yes 28 109.6 105 6 22
No 94 106.6 105 26 68
Local recurrence® 0.517° 0.332¢
Yes 55 107.5 104 17 38
No 49 105.1 110 11 38
Distant recurrence® 0.556° 0.658¢
Yes 52 111.0 107 13 39
No 52 101.8 105 15 37

“Data not available for all cases; "P-values are based on Mann-Whitney U test or Kruskal-Wallis H-test; “P-values are based on Pearson y’ test;
dP-values are based on Fisher's exact test. The protein expression of ECI2 was categorized into group 1 (H-score 0-99) and group 2 (H-score 100-300).

data showed a more frequent HNF1B promoter methylation
in tumours of a later stage (stage I/II 36.2 vs. stage III/IV
60.1%; 28.6 vs. 57.5%; 34.0 vs. 57.3%). We observed the same
trend (stage I/11 30 vs. stage III/IV 41.7%), but this finding
was not statistically significant (P>0.05) in our cohort.

The mutation analysis revealed that in one case of the 61
(1.6%) there was a novel somatic HNFIB truncating mutation
in exon 5 (p.Q355X). This pathogenic variant is predicted to
encode a truncated non-functional protein, which is in accor-
dance with immunohistochemical analysis where complete
negativity of HNFIB staining (H-score=0) was observed.
Our findings support our previous assumption that the expres-
sion of HNF1B in tumour tissue is downregulated by either
hypermethylation of the promoter, or by other potential
regulatory mechanism which affects transcriptional activa-
tion, rather than mutations in the HNF1B coding sequence or
posttranscriptional or posttranslational modifications of gene
expression (22).

We also analysed the immunohistochemical and mRNA
expression of HNF1B, with the aim of exploring whether there
is a correlation between the expression and clinico-patholog-
ical characteristics. In total, we found immunohistochemical
positivity of HNF1B in 23% (28/122) of cases and discov-
ered a significant association between higher values of the
H-score and lymphovascular invasion (P=0.025). This
finding supports the contention of some authors that HNF1B
induces transformation and epithelial-to-mesenchymal

transition, which can contribute to the acquisition of the
invasive properties which are essential for the metastasis's
invasive behaviour (6,34). No associations between HNF1B
or ECI2 protein expression and disease outcome (Fig. 2) were
observed.

So far, studies concerning the expression of HNF1B
in HGSC have been focused on the diagnosis of OCCC
and the differentiation of tumours with clear cell morpho-
logical features from clear cell carcinomas (15,35-37). The
discriminative threshold in these studies was adjusted to
differentiate OCCC from other tumour types and, as such,
HNFI1B expression was confirmed as a specific marker for the
diagnosis of OCCC. Huang et al found positive expression of
HNFIB in only 2.9% (1/35 cases) of HGSCs (35). However,
only tumours with diffuse, and moderate or strong nuclear
positivity were regarded as positive by these authors, which
is quite a rare occurrence in HGSC. In their study, Kao ef al
investigated HGSCs with clear cell changes and found that
only 5% (3/60 cases) reached an H-score of >10 (this H-score
threshold was determined as the cut-off to differentiate
HGSC and endometroid ovarian cancer from OCCC in their
study) (15). Kobel er al investigated the expression of HNFI1B
in 133 OCCCs and 200 HGSCs, and found focally distributed
nuclear positivity in 4.8% of HGSCs (36). In another study,
Li et al reported HNF1B positivity in 13.3% (4/30 cases) of
HGSCs (37), and none of the HGSC cases showed strong
nuclear positivity. The rather lower reported positivity when
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Table III. Association of HNF1B promoter methylation and selected clinicopathological characteristics, based on 67 cases of

HGSC. P-values are based on Pearson 7 test.

Characteristics Methylation yes Methylation no P-value

Age of diagnosis, years 0.307
<60 16 20
=60 10 21

FIGO* 0.714
| 1 4
I 2 3
I 17 27
v 6 6

Lymphovascular invasion® 0.778
Yes 12 26
No 5 9

Neoadjuvant therapy 0.478
Yes 5 11
No 21 30

Local recurrence® 0.252
Yes 14 19
No 6 16

Distant recurrence® 0.878
Yes 11 20
No 15

rs4430796* 0.615
Yes 16 28
No 9 12

rs757210* 0.524
Yes 19 33
No 6 7

rs7405776 0.614
Yes 16 28
No 9 12

“Data not available for all cases.

compared to our results can most likely be explained by
differences in methodology, such as the use of a different
antibody with different pretreatment, or different visualiza-
tion methods, as well as different criteria for the evaluation of
HNFI1B expression.

Our data showed a statistically significant positive corre-
lation between mRNA and protein expression of HNF1B
(P=0.001). This finding implies that the regulation of HNF1B
expression on the translational or posttranslational level prob-
ably does not play a significant role.

The data concerning the significance of ECI2 in ovarian
carcinomas, including HGSC, is currently unknown.
According to studies on prostate cancer, the inhibition of ECI2
can trigger acute metabolic stress of the tumour cells, and
thus targeting ECI2 could be potentially used as a therapeutic
approach (19). According to some studies, a higher expres-
sion of the ECI2 protein is associated with a poor outcome
in prostate cancer, but the data concerning the expression of

ECI2 in ovarian cancer is lacking (18). In our study, we found
cytoplasmic expression of ECI2 in all but 7 cases (H-score
up to 190). Our data showed no correlation between any of
the clinico-pathological characteristics and survival on a
statistically significant level (Table II). Regarding the connec-
tion between the expression of HNF1B and ECI2, our data
showed a significant positive relationship on a protein level
(P=0.005), but we did not observe correlation at an mRNA
level. However, this is in concordance with the re-analysis of
the TGCA dataset, where no correlation between the mRNA
expression of HNF1B/ECI2 has been found.

In conclusion, the comprehensive analysis of molecular
and immunohistochemical characteristics of HNFI1B and
its possible downstream target ECI2 brought about several
important findings. Our data from the expression analysis
confirmed a generally low HNF1B expression on a protein
level, which positively correlated with lymphovascular inva-
sion, but with no other clinico-pathological characteristics.
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Figure 3. Association of mRNA expression and protein expression of (A) HNF1B. (F=12.18,R?=0.213,N=47,P=0.001) and (B) ECI2 (F=0.51,R?>=0.041, N=14,
P=0.488), and the association of expression of HNFIB and ECI2 on a (C) protein level (F=8.03, R>=0.063, N=122, P=0.005) and (D) mRNA level (F=0.05,
R?=0.005, N=14, P=0.816). Dashed lines represent 0.95 confidence interval. HNF1B, hepatocyte nuclear factor 1f; ECI2, enoyl-CoA (A) isomerase 2

Nevertheless, despite the observed low levels, the expression
of HNF1B was noted in 28/122 cases (23%), which supports
the fact that the specificity of HNFIB as a marker of clear
cell carcinoma is relatively low. However, no case of HGSC
in our study reached a H-score higher than 200. Taking the
extent of expression into account, the sensitivity of HNF1B
is significantly higher, given that in CCC the expression of
HNFIB is commonly strong and diffuse. Furthermore, we
observed a statistically significant correlation between the
mRNA and protein expression of HNF1B, which suggests
that posttranscriptional and posttranslational mechanisms
are probably not involved in the regulation of the HNFIB
gene expression in HGSC.

This is the first time that protein and mRNA expression
of ECI2, one of the possible HNF1B downstream targets, has
been analysed in HGSC. Our data shows that a low level of
immunohistochemical expression was present in the majority
of HGSCs. We have found a significant positive relationship
between HNF1B and ECI2 on a protein level, which is in
accordance with the previous findings in prostate cancer (19).
Interestingly, the expression of HNFIB and ECI2 on an
mRNA level did not show a positive association, which is
supported by the re-analysis of the TCGA dataset. However,
no correlation between any of the clinico-pathological
characteristics or survival analyses and ECI2 was found.

Therefore, ECI2 does not seem to be an eligible prognostic
marker for HGSC.
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