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Summary

Objectives: Endometriosis is a potential pre-malignant gynecological condition harboring multiple gene mutations in the endometriotic
lesions. Evidence has implicated the possibility that caspase recruitment domain family member 14 (CARD14) mutations might exist
in ovarian endometriosis. It is questioned whether ovarian endometriosis harbors CARD14 mutations. Materials and Methods: The au-
thors recruited and analyzed a cohort of 101 ovarian endometriosis samples for the presence of CARD14 mutations via sequenced the
coding and intron/exon boundary regions of the CARD14 gene. Results: A novel heterozygous somatic CARD14 mutation, p.R470C
(c.1408C>T), was identified in two out of 101 (2.0%) endometriotic lesions. The mutated samples were 30- and 3 1-years-old and both
had a history of childbirth. No CARD14 mutations were detected in the remaining 99 samples with ovarian endometriosis. Protein
structure modeling results showed CARD14 p.R470C mutation resulted in protein structural changes. These combined results implicated
that this mutation might be damaging. However, no association was observed between the main clinical features and CARD 14 mutations
in this sample cohort. Conclusion.: The authors identified a potential damaging CARD14 somatic mutation in 2/101 (2.0%) endometriotic
lesions with ovarian endometriosis for the first time, and this mutation might play an active role in the development of ovarian en-
dometriosis.
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Introduction

Endometriosis is a common estrogen-dependent chronic
gynecological disease characterized by the growth of the en-
dometrial glands and stroma outside the lining of the uterus,
exhibiting frequently chronic pelvic pain, dyspareunia, se-
vere dysmenorrhea, and infertility [1-3]. Endometriosis
could be subdivided into three different subtypes, peritoneal
endometriosis, ovarian endometriosis, and deeply infiltrat-
ing endometriosis [4], despite endometriosis is usually re-
garded as a benign disorder, malignant transformation may
occur in approximately 1% of cases, especially commonly
in ovarian lesions, usually harboring somatic mutations in
multiple genes [5-8]. To date, the detailed pathogenesis of
endometriosis remains not fully understood, and multiple
theories have been proposed, among which, the widely ac-
cepted theories implicated that genetic, biochemical, or im-
munological dysfunction of endometriotic tissue might be
involved in the development of this disorder [9, 10].

It has been well established that endometriosis patients
show a dysfunctional immune system, where diverse im-
mune cell types and inflammation-associated factors are in-
creased in both peritoneal cavity and serum [11-13].
Nuclear factor kappa B (NF-kB) is a collection of master
regulators of pro-inflammatory signals involved in diverse
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medical pathologies, such as autoinflammatory diseases
and cancer [14, 15]. Previous studies have also shown that
NF-«kB was constitutively activated in endometriotic cells
in endometriosis [16, 17], and suppression of NF-«xB sig-
naling pathway decreased the invasive and proliferative ca-
pabilities of endometriotic cells in endometriosis [18-20],
emphasizing the crucial roles played by NF-kB in the
pathogenesis of endometriosis.

Caspase recruitment domain family member 14
(CARDI14) belongs to the CARD and membrane-associ-
ated guanylate kinase-like domain-containing protein
(CARMA) family which act as a scaffolding protein to re-
cruit B-cell lymphoma protein 10 (BCL10) and mucosa-as-
sociated lymphoid tissue lymphoma translocation protein
1 (MALTI) to assemble into signal-dependent CARD-
BCL10-MALT1 complex, resulting in the activation of NF-
kB signaling [21, 22]. Prior studies have shown that
CARD14 mutations could activate NF-kB signaling path-
way and cause pityriasis rubra pilaris and psoriasis [23-25].
Until now, it is largely unclear whether CARD14 mutations
also exist in other human diseases. Considering the follow-
ing facts that NF-«xB signaling is frequently activated in en-
dometriotic cells in endometriosis [16, 17], CARD14
mutations could activate the NF-«B signaling pathway [21,
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Table 1. — The primer sequence for PCR amplification of the coding region and intron/exon boundaries of CARD14 gene.
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Exon Forward primer (5°-3°) Reverse primer (5°-3") Annealing temperature (°C) Amplicon (base pairs)
2 taaaacggtgtcaccctg tgaagacagaggcagaca 52 382
3 cttggtagetgggttetg aggaactgcagectggag 56 307
4 cccacctgeccacctattac ggggcagggaagtgttagac 55 510
5 ctgtttccategeectteet ccaattttggggtctgggga 52 395
6 gggattctgcttgectaggg acagatgaacaggccgacag 50 332
7,8 tcccecgacccccttetaag getetgteccactgtecace 58 837
9 gtggtgctgacctggtaga ggctcactttcgteetga 55 285
10, 11 ctccagtcagttctcact gaagttgagctctgcttct 60 690
12,13 tgaccaagatctgtgaag ccagcccagagtggatctg 57 712
14,15 cgectcagtgecectcage ggtctcaccacgececace 53 878
16, 17 ctgeectgetcacetggea atcctggcctaaatgagt 50 692
18,19 geagggtaggcetggetgg aggtcacccaggtctcaggt 58 792
20 cctcagectgtecggagg acactccagaggcacctg 60 301
21 tcaaagcgaggccacctgt cgtggtgagggttcaagg 52 483

25] and endometriotic lesions usually harbor somatic mu-
tations in multiple genes [5-8]. The authors thus hypothe-
sizes that the endometriotic lesions in endometriosis
patients might possess CARD14 mutations. In the present
study, they recruited a collection of 101 samples with ovar-
ian endometriosis to test this hypothesis.

Materials and Methods

Only samples with more than 30% of endometrial tissues in the
ectopic endometrial lesions were included in the present study.
According to this criterion, the ectopic endometrial lesions and
paired peripheral blood mononuclear cells were obtained from
101 samples with ovarian endometriosis from the Departments of
Gynecology at Jiangxi Provincial Maternal and Child Health Hos-
pital (Nanchang, China). All these ovarian endometriosis samples
were cancer-free, as diagnosed by two experienced pathologists.
This study was approved by the institutional review board of
Jiangxi Provincial Maternal and Child Health Hospital and was
performed according to the Declaration of Helsinki. All of these
patients signed the informed consent prior to this study.

The following clinical data quantified as previously described [26]
determined for the samples with ovarian endometriosis: age at the
time of diagnosis, age of menarche, the serum hemoglobin, thyroid
stimulating hormone (TSH), free triiodothyronine (FT3), free thy-
roxine (FT4), a-fetoprotein (AFP), carcinoembryonic antigen
(CEA), cancer antigen 125 (CA125), and squamous cell carcinoma
(SCC). In addition, white blood cell, lymphocyte cell, eosinophil
granulocyte, mononuclear cell, neutrophil granulocyte, platelet
count, and neutrophil granulocyte proportion were determined by
an automated blood coagulation analyzer.

The genomic DNA of the ectopic endometrial lesions and
paired peripheral blood mononuclear cells were isolated with tis-
sue DNA and blood DNA kits, respectively. The isolated DNA
was quantified by using a spectrophotometer. The PCR reactions
were used to amplify the entire coding regions and the adjacent
intron/exon boundaries of the CARD14 gene in the ectopic en-
dometrial lesions with a set of primer pairs (Table 1). Each PCR
reaction was carried out in a total volume of 30 pL containing 3
puL of 10 x PCR buffer, 0.2 uM dNTPs (2.5 mM each), 0.5 uM of
each primer, 2.5 mM of MgCl,, and 1.2U Taq DNA polymerase.
The PCR reactions were carried out by using a thermal cycler .
Followed by the purification of the PCR products, sequencing was
performed using a sequencing kit and an automatic capillary DNA

sequencer. For the detected mutations in the ectopic endometrial
lesions, the paired peripheral blood mononuclear cells were se-
quenced to verify whether the identified mutations were somatic.

The authors adopted DeepView Swiss-PdbViewer 4.0 software
to evaluate the potential protein structural change for the identified
CARD14 mutation, it replaces the native amino acid with the mu-
tant amino acid. A PDB structure of human CARD14 (5ubt.1.B)
is available in the SWISS-MODEL Repository (https://swiss-
model.expasy.org/repository/) in the ExPASy data- base
(http://www.expasy.org). Based on this protein structure, human
CARD14 wild-type and CARD14 p.V239A mutant proteins were
modeled by select “show dots surface”, “show backbone oxygen’,
“Use OpenGL Rendering” and “Sender in solid 3D” in the “dis-
playing” option, and “by type” in the “Color” option in the toolbar
of the DeepView Swiss-PdbViewer 4.0 software. The CARD14
native protein (239V) was modeled firstly and the CARD14 mu-
tant protein (239A) was modeled by replacing alanine with valine
in the 239" amino acid residue.

The Student’s ¢-test was performed to compare the potential as-
sociation between nominal variables referring to absence or pres-
ence of CARD14 mutations, and continuous variables were tested
by Mann-Whitney method. All p-values were two-tailed and p
values less than 0.05 were considered as statistical significance.
Statistical processing of data was performed by using SPSS 18.0
software.

Results

A novel heterozygous missense CARDI14 mutation,
p.-R470C (c.1408C>T), was identified in two out of 101
(2.0%) endometriotic lesions; this mutation was confirmed
to be somatic by analyzing the paired peripheral blood
mononuclear cells (Figure 1). This mutation was not found
in ExAC (http://exac.broadinstitute.org/), 1000G
(http://www.internationalgenome.org/) or COSMIC
(http://cancer.sanger.ac.uk/cosmic) databases. The mutated
samples were 30- and 3 1-years-old and both had a history
of childbirth. No CARD14 mutations were detected in the
remaining 99 samples with ovarian endometriosis.

The major clinical characteristics of the 101 samples with
ovarian endometriosis are summarized in Table 2. The po-
tential association of CARD 14 mutation with these clinical
features was evaluated by SPSS software. However, no as-
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Table 2. — Association of CARD 14 mutations with clinical characteristics in 101 samples with ovarian endometriosis in

the present study.
Features Total sample ‘Wild type Wild type Mutant Mutant type p value
(n=101) (n=99) type (n=2)
Age (years) 101 99 32.5547.40 2 30.50+0.71 0.55
Age of menarche (years) 101 99 13.65+1.32 2 15+1.41 0.17
Hemoglobin (g/1) 101 99 119.47+12.22 2 133+2.83 0.12
TSH (mIU/ml) 101 99 2.56+1.24 2 2.73+1.41 0.85
FT3 (pg/ml) 101 99 3.05+0.11 2 3.36+0.33 0.23
FT4 (ng/dl) 101 99 1.29+0.13 2 1.25+0.07 0.60
AFP (ng/ml) 101 99 2.49+1.81 2 3.39+0.92 0.48
CEA (ng/ml) 101 99 1.10+0.56 2 0.81+0.07 0.48
CAI125 (wml) 101 99 102.20+183.71 2 46.834+24.31 0.67
SCC (ng/ml) 101 99 1.44+1.03 2 1.89+1.73 0.55
White blood cell count (x107) 101 99 6.20+£2.21 2 6.15+0.15 0.97
Lymphocyte cell count (x10°) 101 99 1.90+0.54 2 1.40+0.17 0.19
Eosinophil granulocyte (x107) 101 99 0.12+0.11 2 0.07+0.06 0.57
Mononuclear cell count (x10%) 101 99 0.46+0.19 2 0.35+0.03 0.41
Neutrophil cell count (x10%) 101 99 3.78+£2.09 2 4.284+0.01 0.74
Platelet (x107) 101 99 205.40+57.35 2 182.00+38.18 0.56
Neutrophil cell proportion (%) 101 99 58+9.80 2 69.70+1.70 0.095

AFP: a-fetoprotein; TSH: thyroid stimulating hormone,; FT3: free triiodothyronine; FT4: free thyroxine; CEA: carcinoembryonic antigen; CA125: cancer antigen

125; SCC: squamous cell carcinoma.

CARD14: ¢c.716T(A)>C(G), p.V239A

F

GAGGAAACCATGTTG

Paired blood M\/\

GAGGAAWAICCATGTTG

Endometriotic lesion

Figure 1. — The representative sequencing electropherograms of
CARD14 mutations. The arrow refers to locations of the muta-
tion.

sociation was observed between these clinical features and
CARD14 mutations.

The results of protein structural modeling showed that
the newly identified CARD14 p.V239A mutation, exhibited
structural changes (239A) when compared with the native
CARDI14 (239V) (Figure 2).

Discussion

Increased evidence has suggested that NF-xB signaling
and inflammation play crucial roles in the pathogenesis of
endometriosis, including promoting cell proliferation, in-
vasion, and migration in endometriosis [19, 27, 28]. On the
other hand, mutations in CARD14, one component of the

Figure 2. — The predicted protein structure of CARD14 wild-
type (239V) and mutant (239A). The altered protein structures are
labeled.

CARDI14-BCL10-MALT1 complex, could activate NF-kB
signaling pathways and inflammation in pityriasis rubra pi-
laris and psoriasis [23, 25].

Previous studies have identified frequent CARD14 mu-
tations in patients with pityriasis rubra pilaris and psoriasis
[23-25]. In the present study, the authors identified a het-
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erozygous missense somatic mutation, p.R470C
(c.1408C>T), in two out of 101 (2.0%) endometriotic le-
sions by sequencing the entire coding regions and the ad-
jacent intron/exon boundaries of the CARD14 gene for the
first time. Database search showed that this mutation was
not reported previously, neither found in EXAC nor 1000G
databases; in addition, it was also not reported in the COS-
MIC database. Considering the facts that CARDI14
p-R470C (c.1408C>T) mutation occurred in two individu-
als and this mutation was predicted to alter the protein sec-
ondary structure, the authors thus speculated that this
mutation might be deleterious. Of note, two recent studies
based on large-scale DNA sequencing technology have
failed to identify any CARD14 mutations in either 16 en-
dometriotic lesions of ovarian endometriosis [8] or 27 en-
dometriotic lesions of deeply infiltrating endometriosis [7].
For the differential CARD14 mutation frequency between
the present authors’ and the prior studies, they speculated
that the relative small sample size analyzed in the prior
studies might be a main reason; alternatively, another ex-
planation for the differential CARD 14 mutation might be
that the molecular pathogenic mechanisms between ovarian
endometriosis and deeply infiltrating endometriosis is dif-
ferent.

Prior studies have shown that disease-associated
CARD14 mutations could activate NF-xB and enhance
pro-inflammatory signals and then promote the develop-
ment of psoriasis and pityriasis rubra pilaris [29, 30]. Nev-
ertheless, there were no substantial differences in
inflammation-associated clinical characteristics between
samples with or without CARD 14 mutations in this study,
including white blood cell, lymphocyte cell, neutrophil
granulocyte, eosinophil granulocyte, mononuclear cell,
platelet count, and neutrophil granulocyte proportion, im-
plicating that the inflammation signals in ovarian en-
dometriosis might be caused by many factors, and the
detailed process might be more complex than what was
thought. In addition, no association between CARD14 mu-
tations and any other available clinical features was ob-
served in this sample cohort, including age at diagnosis,
age of menarche, hemoglobin, TSH, FT3, FT4, AFP, CEA,
CAI125, and SCC. These results implicated that CARD14
mutations might not be involved in the production or
turnover processes of these factors. It should be mentioned
that, due to the limited sample size with CARD14 mutation
(n=2) in this sample cohort, this conclusion should be
treated cautiously.

Conclusion

The authors identified a novel CARD14 somatic muta-
tion in 2/101 endometriotic lesions with ovarian en-
dometriosis for the first time, and this mutation might be a
damaging mutation and thus might play an active role in
the pathogenesis of ovarian endometriosis.
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