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ABSTRACT

Introduction: Gestational (GC) (derived from the placenta) and non-gestational (NGC) choriocarcinomas
are trophoblastic diseases originated from abnormal proliferation of trophoblastic cells. These rare tu-
mors share similar morphology and pathological features and differ on chemotherapy response, genetic
origin and prognosis. In this study, the genomic profile of choriocarcinomas was performed according to
their origin (GC or NGC) aiming to better understand these poorly characterized diseases.
Methods: Thirteen patients were included in this study; 10 presented previous history of hydatidiform
mole and six developed metastasis. Twelve polymorphic microsatellite markers (D15S659, APOC2,
D5S816, BAT25, D3S1614, D3S1311, D1S1656, APC-D5S5346, D3S1601, D18S70, D8S1110 and D11S1999)
were investigated to distinguish GC from NGC. All choriocarcinomas were evaluated by copy number
alterations using array CGH.
Results: Eight cases were classified as GC and five as NGC. Although potentially polymorphic, NGC
exhibited significant gain of 21p11. Rare copy number alterations (CNA) were detected as a frequent
event in GC including gains of 1p36.33-p36.32 (3 cases), 17q25.3 (4 cases), and losses of 9q33.1 (5 cases),
17q21.3 (3 cases) and 18q22.1 (4 cases) (varying from 724 to 3,053 Kb).
Discussion: Two tumor suppressor genes are candidates to be involved in GC: TRIM32 (9q33.1) and
CDH19 (18q22.1). Gains of CBX2, CBX4 and CBX8 were frequently found in high risk prognostic score in
GC. The in silico functional interaction analysis revealed the involvement of PTEN and PI3K-Akt signaling
pathways. These data pointed out significant genomic alterations in GC, opening new avenues to better
characterize the pathobiology of this disease.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

women at reproductive age and is frequently derived from preg-
nancies, molar pregnancy, induced and spontaneous abortion,

Trophoblastic diseases originate from abnormal proliferation of
trophoblastic cells and encompass different lesions including the
choriocarcinoma, which is classified in gestational (GC) and non-
gestational (NGC) [1]. Gestational choriocarcinoma usually affects
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ectopic pregnancy and term or pre-term deliveries [2]. The inci-
dence of GC has been estimated in 1:40.000—50.000 pregnancies,
and 1:40 hydatidiform mole cases. The incidence of NGC is un-
known, being reported as a very rare tumor [2,3]. GC is character-
ized by the presence of paternal genetic material. These conditions
are highly invasive, vascularized and metastatic [4]. Non-
gestational choriocarcinoma is independent of pregnancies and
less responsive to chemotherapy than gestational choriocarcinoma
[2].

The pathogenesis of these rare trophoblastic lesions is poorly
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understood. Although differences have been reported in the
chemotherapy response, genetic origin and prognosis, GC and NGC
exhibit similar morphological pattern, histopathological classifica-
tion and biochemical markers [2,5,6]. In patients with NGC, surgical
tumor resection and treatment with multiple chemotherapy agents
are indicated. Even with strategies of multidrug therapy, a large
number (~84%) of patients with NGC died from the disease [6].
Therefore, the difference in therapeutic response and prognosis is
clinically relevant and highlight the importance of distinguishing
these two entities [2].

Polymorphic microsatellite markers have been used to identify
the parental origin of these trophoblastic diseases contributing to
therapeutic decision and management of the patients [6—8].
Microsatellites are highly repeated DNA sequences distributed
throughout the genome, composed by short sequences of DNA
repeated in tandem [9]. Due to the high level of heterozygosis,
these markers can differentiate parental alleles with high precision,
being considered an efficient molecular strategy to distinguish GC
from NGC [7,8,10].

Array Comparative Genomic Hybridization (aCGH) is a
screening procedure of genomic imbalances that have the potential
to identify recurrent copy-number alterations and its potential as
prognostic biomarkers and molecular targets for therapy [11]. To
our knowledge, only one study reported genomic alterations in 10
primary GC by aCGH [12]. The authors reported normal genomic
profiles in six cases; four of them showed copy number alterations
on chromosomes 1, 11, 14, 17, 18, 19, 20 and X.

In this study, we used aCGH to characterize and compare the
genomic profile of gestational and non-gestational choriocarci-
nomas, aiming to identify potential molecular markers useful for
clinical practice.

2. Methods
2.1. Patients

Thirteen primary choriocarcinoma samples were enrolled be-
tween 1995 and 2009 at the Department of Gynecology and Ob-
stetrics, Botucatu Medical School, UNESP - Sao Paulo State
University, Botucatu, SP, Brazil. The Institutional Human Research
Ethics Committee approved this study (Protocol #3543—2010). All
patients were advised of the procedures and provided written
consent. Five mL of peripheral blood samples were collected from
13 patients and her partner/husband (available in 10 cases).

2.2. (Clinical and histopathological characterization

The clinical data, demographic information, pregnancy history,
clinical presentation, management and response to therapy were
collected for each patient (Table 1). The prognostic score was based
on the International Federation of Gynecology and Obstetrics
(FIGO) [13].

Histopathological analysis confirmed epithelial neoplastic
biphasic cells composed by mononuclear atypical cells with scant,
clear to granular cytoplasm (cytotrophoblast), and multinucleated
cells with pleomorphic nucleus (syncytiotrophoblast) (Fig. 1).
Extensive area of necrosis and the presence of hemorrhage were
frequently observed. Tumor cells were positively stained for AE1/
AE3 (Dako, Glostrup, DK), hCG (Dako, Glostrup, DK), hPL (Dako,
Glostrup, DK) and negatively for PLAP (Dako, Glostrup, DK)
(detailed information are available in Supplementary Table 1). Cell
proliferation rate was evaluated by Ki67 (Dako, Glostrup, DK) im-
munostaining, varying from 40 to 95% of nuclei positivity (Table 1).

2.3. Samples and DNA extraction

Histological slides stained with hematoxylin-eosin containing
the tumor samples were used as reference to guide the tumor
microdissection. Non-tumor cells, necrotic cells and hemorrhagic
areas were excluded. The tumor tissues were obtained from 10 to
15 unstained slides (6—10 p) per case. Genomic DNA from six fresh
frozen tumor samples and seven formalin fixed paraffin embedded
(FFPE) tumor samples were isolated using the DNeasy Blood &
Tissue Kit (Qiagen, Valencia, USA), according to the manufacturer's
instructions. Genomic DNA was isolated from peripheral blood
leukocytes using a standard phenol-chloroform (Invitrogen, Life
Technologies, CA, USA) extraction and ethanol precipitation
procedure.

2.4. Microsatellite analysis

A panel of 12 highly polymorphic microsatellite markers
(D1S1656, D3S1311, D3S1601, D3S1614, D55346, D55816, D8S1110,
D1151999, D155659, D18S70, APOC2 and BAT25) was selected to
evaluate the parental origin of the cases. Supplemental Methods
summarizes the PCR conditions.

The fluorescent PCR products were analyzed using ABI 3130XL
Genetic Analyzer (Applied Biosystems, Foster City, USA). Each
fluorescent peak was quantified by its size (in base pairs), peak
height, and peak area as previously reported [14]. The results were
analyzed by GeneMapper 4.1 software (Applied Biosystems, Foster
City, USA).

2.5. Array comparative genomic hybridization and data analysis

Genomic DNA from 13 choriocarcinomas and a male commercial
genomic DNA (Promega, Madison, USA) were hybridized on Agilent
Human 4 x 44 KCGH Microarray (Agilent Technologies, Santa Clara,
USA) according to the manufacturer's instructions. Supplemental
Methods describes in details the data extraction and the statistical
analysis. The genomic alterations obtained in our study were
compared with the Database of Genomic Variants (DGV, http://dgv.
tcag.ca/dgv/app/home, updated in July 2015). For this comparison,
the same type of alteration (gains or losses), same size or over-
lapping for >80% were considered. Rare copy number alterations
(observed in less than 10 individuals from the DGV database)
detected in at least 50% of samples were evaluated in more details.
The CNAs were also compared with those described in normal
placenta [15]. Sexual chromosomes were excluded from the anal-
ysis. Chi Square, Mann-Whitney and Fisher exact test P
value < 0.05, (SPSS 18.0, Chicago, USA) was applied to compare the
clinical data and genomic alterations.

2.6. In silico analysis

The molecular processes, functions and networks were evalu-
ated by the analyses of genes mapped in regions affected by
genomic imbalances in gestational choriocarcinoma samples using
the Ingenuity Pathways Analysis (IPA) (Ingenuity Systems, http://
www.ingenuity.com) and KOBAS software (v. 2.0; http://kobas.
cbi.pku.edu.cn/home.do). Protein-protein interaction (PPI) net-
works were annotated, visualized and analyzed using NAViGaTOR
v2.03 (http://ophid.utoronto.ca/navigator/).

3. Results
3.1. (Clinical data

Ten of 13 presented the tumor located in the uterus (10 cases)
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Table 1
Clinical and histopathological features, stage and prognostic score of 13 choriocarcinomas included in this study.
Patient T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13
Age (years) 28 25 24 36 16 36 26 32 32 23 42 45 26
Tumor Classification GC GC GC GC GC GC GC GC NGC NGC NGC NGC NGC
Tumor Location Lung Uterus Uterus Uterus Uterus Uterus Uterine Uterus Uterus Uterus Uterus Uterus Uterus
cervix
Metastasis Liver — Vagina — Lung Lung Uterine — — Lung/ — — -
cervix Vagina
Number of Pregnancies 2 3 1 4 2 2 3 3 4 3 7 4 3
Number of Live-births 1 1 0 3 0 0 2 2 3 3 3 3 1
History of pregnancy HM HM HM Abortion HM HM Abortion HM HM Term HM HM HM
pregnancy
Period between last 56 12 6 25 24 18 18 4 24 14 6 8 16

pregnancy and beginning
of treatment (months)

Pretreatment serum hCG 52,582 79,530 10,349 182,939 302,409
(mUI/mL)

Prognostic score 13 9 4 11 10

Prognostic score risk High High Low High High

Chemotherapy protocol EMA/CO; EP/ EMA/ MTX/FA EP/[EMA EP/EMA

EMA; Ifosfamide CO; EP/
paclitaxel EMA

Resistance to chemotherapy Yes Yes No No No

Follow up (months) 36 24 27 24 45

Death Yes No No No No

Cellular composition Biphasic Biphasic Biphasic Biphasic Biphasic

Cellular necrosis Ample Ample NA Ample Ample

Hemorrhage Severe Severe NA Absent Severe

Invasion of the blood vessels + _ NA - +

Myometrium invasion depth — <1/3 NA <1/2 Uterine
serosa
invasion

AE1/AE3 + + + + +

hCG +++ +++ ++ +++ +++

hPL + + + + +

Ki-67 >95% 80% NA >70% 80%

PLAP - + (focal) + = =

(focal)

3103 15,406 82,000 35,849 814,108 25,051 27,303 29,227

3 7 3 3 8 3 5 5
Low High Low Low High Low Low Low
MTX/FA EP/EMA Act-D MTX/ EP/EMA MTX/FA MTX/FA MTX/FA;
FA; Act- Act-D
D

No No No Yes No No No Yes
32 50 60 60 66 65 12 60
No No No No No No No No
Biphasic Biphasic Biphasic Biphasic Biphasic  Biphasic Biphasic Biphasic
Ample Ample Ample Ample NA Absent Ample Ample
NA Severe Severe Severe NA NA NA Absent
- _ + + NA + + +
<1/3 _ Uterine  <1/2 NA <1/3 <1/3 Uterine

serosa serosa

invasion invasion
+ + NA + NA + - NA
+++ ++ NA +++ NA +++ +++ NA
+ + NA - NA + + NA
— 40% NA >50% NA 40% 40% NA
— — NA — NA - — NA

Legend: Tumor Classification: GC: Gestational choriocarcinoma; NGC: non-gestational

choriocarcinoma; Prognostic score: based on International Federation of Gynecol-

ogists and Obstetricians (FIGO). Prognostic score risk: patients are ranked into low risk scoring 0—6 and high risk with a score >6. Chemotherapy protocols: EMA/CO:
Etoposide, methotrexate, actinomycin D/cyclophosphamide and vincristine; MTX/FA: Methotrexate and folinic acid; EP/EMA: Etoposide, cisplatin/etoposide, methotrexate
and actinomycin-D; Act-D: actinomycin-D. AE1/AE3: cytokeratin used to identify epithelial cells; hCG: human chorionic gonadotropin; hPL: human placental lactogen; Ki-67:

cell proliferation marker; PLAP: placental alkaline phosphatase; NA: not available; (+):

staining. HM: Hydatidiform mole.

and six cases developed metastasis, especially at lung and vagina (5
of 8 GC and 1 of 5 NGC). Hydatidiform mole was found in 10 pa-
tients (6 of 8 GC and 4 of 5 NGC). Four patients presented chemo-
therapy resistance to the first line of chemotherapy (2 GC and 2
NGC). Second line chemotherapy protocol using EP/EMA were
applied to patients T1 and T2, and Act-D for patients T9 and T3.
Only the patient T1 remained resistant to treatment, which was
applied a third line of treatment. However, she died with multiple
hepatic lesions and liver failure 3 years after being diagnosed with
choriocarcinoma. The detailed clinical analysis of the patient T1
was previously reported [16]. High prognostic score (according to
FIGO) was found in six cases (5 GC and 1 NGC). Detailed clinical data
of the patients are shown in Table 1. Using these clinical data, no
significant differences were observed between GC and NGC
(Supplementary Table 2).

3.2. Microsatellite markers characterization

All 13 cases had informative results from the analysis of 12
microsatellite markers (Table 2). Eight cases presented bi-parental
alleles (GC) and five cases had exclusively maternal alleles (NGC)
(Fig. 2A and B).

>10% positivity; (++): 10—50% positivity; (+++): > 50% positivity; (—): negative

3.3. Genomic alterations

A total of 200 CNA affecting all chromosomes was observed in
GCand NGC samples. Eight GC samples exhibited 157 CNA, being 66
gains, 1 high copy-number gain, and 90 losses. Among the five NGC
samples, 43 CNA were detected including 22 gains and 21 losses. An
overall overview of genomic alterations in GC and NGC revealed
distinct profiles with higher number imbalances in GC (Fig. 2C).
Significant alterations classified as rare were selected for more
detailed analysis (Table 3).

Gestational choriocarcinomas presented nine significant rare
CNAs including: gains of 1p36.33-p36.32, 8q24.3, 10q24.32,
17925.3, 18p11.1-q11.1, 21p11.1; and losses of 9q33.1, 17q21.33,
18q22.1. Gain of 21p11.1 was the only significant rare CNA observed
in two NGC (Table 3). The comparison with the data recently
published in normal placenta [15] revealed that gains of 10q24.32,
17g25.3, 18p11.1-q11.1 and 21p11.1 and losses of 9q33.1 and
17q21.33 were exclusively present in GC cases. The loss of 18q22.1
found on our cases overlapped a small region (1,3 Kb) in normal
placenta (without known genes mapped in this region).

3.4. In silico functional analysis

The list of 187 genes affected by CNA detected in GC samples was
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Fig. 1. Histopathological analysis of gestational (left side, case T5) and non-gestational (right side, case T9) choriocarcinomas characterized by a biphasic pattern of cytotrophoblast
and syncytiotrophoblast. (A) Hematoxylin and eosin immunostaining in GC and (B) NGC. Inmunohistochemical detection of fHCG in GC (C) and NGC (D), AE1/AE3 in GC (E) and

NGC (F), and Ki67 immunoexpression in GC (G) and NGC (H).

evaluated with the IPA and KOBAS software. The NF-KB activation
(NFKB2, TNFRSF14, ITGA3, PRKCZ), Tec kinase (TLR4, NFKB2, ITGA3,
GNB1, PRKCZ) and PTEN signaling pathways (ITGA3, SHARPIN, NFKB2
and PRKCZ), frequently reported in several tumor types, were
observed among the deregulated canonical pathways
(Supplementary Table 3). The PTEN pathway was confirmed as
altered in both analyses. Biological functions as organism devel-
opment, cell-to-cell signaling and interaction, cellular assembly
and organization were observed among the deregulated networks
(Supplementary Table 4, Fig. 3A).

Protein-protein interaction (PPI) network analysis was per-
formed using 29 genes mapped on 9q33.1, 17q25.3 and 18q22.1
affected by CNA detected in at least 50% of samples. EIF4A3 protein
was highly inter-connected with other proteins, mostly associated
with transcription regulation. Proteins codified by CDH19 and CDH7
co-interacting and are also correlated with several proteins
involved in cellular organization. CBX protein family co-interaction
was connected with proteins involved in several biological func-
tions, as genome maintenance and transcription regulation
(Fig. 3B).
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Table 2

Data obtained from the analysis of 12 microsatellite markers used to categorize the samples in gestational (GC) and non-gestational choriocarcinomas (NGC).
Case D15S659 APOC2 D5S816 BAT25 D3S1614 D3S1311 D1S1656 APC-D5S346 D351601 D18S70 D8S1110 D11S1999
T1 GC NI NI GC NI GC GC NI GC NI GC GC
T2 GC GC NI GC GC GC NI GC GC GC GC NI
T3 GC GC GC GC NI NI NI NI NI GC GC GC
T4 GC GC NI NI NI NI NI GC GC NI NI GC
T5 NI NI NI NI NI GC GC GC NI NI NI NI
T6 GC GC GC GC NI GC GC GC GC GC GC NI
T7 GC GC NI GC GC NI NI NI NI GC GC GC
T8 NI NI GC NI NI NI NI GC NI NI NI GC
T9 NGC NI NI NI NI NI NGC NI NGC NGC NI NI
T10 NGC NGC NI NI NGC NGC NI NI NGC NGC NI NI
T11 NI NGC NI NI NGC NI NGC NGC NI NGC NGC NI
T12 NI NGC NGC NGC NI NI NGC NGC NI NI NI NGC
T13 NGC NGC NI NI NI NI NGC NGC NGC NGC NI NI

*NI = non-informative; GC = gestational choriocarcinoma; NGC = non-gestational choriocarcinoma.

4. Discussion

The distinction between gestational and non-gestational
choriocarcinoma has been proved as important for the establish-
ing of an appropriate treatment, to predict the response to therapy
as well as for prognosis [6,17]. Over the past decade, microsatellite
markers have been used as an efficient tool to differentiate GC and
NGC [7,8]. In our study, a panel of 12 polymorphic microsatellite
markers was used to categorize eight GC and five NGC cases. Five of
eight GC developed metastasis (mostly in lung and vagina)
compared with one NGC that developed metastasis in lung and
vagina. Similarly to our data, the literature shows that approxi-
mately 50% of patients develop metastatic choriocarcinomas [4,18].
Furthermore, in both groups, the majority of cases presented pre-
vious hydatidiform mole (6 of 8 GC and 4 of 5 NGC). Strohl et al. [19]
reported that approximately 90% of patients with low-risk of
gestational trophoblastic neoplasia and 40% of cases with chorio-
carcinomas are preceded by hydatidiform mole. However, to our
knowledge, no epidemiological studies have been performed to
evaluate the incidence of previous hydatidiform mole in patients
with NGC.

Large-scale genomic analysis has revealed CNA that potentially
contribute to the development or progression of several tumor
types. Recently, Kasak et al. [15] described an extensive number of
somatic CNVs in normal placenta showed (mostly duplications)
suggesting that this event is critical for normal gestation. Inter-
estingly, gain of 1p36.33-p36.32 described by the authors was
found in our GC. Although with no genes described, gain of 8q24.3
partially (100 Kb) overlapped the same region reported in normal
placenta. Overall, several alterations herein described in GC have
potential to be associated with the development and progression of
this malignant trophoblastic disease.

To our knowledge, only one study reported 10 primary GC
evaluated by aCGH (244 K, Agilent Technologies) [12]. The authors
described four samples with 1—11 CNA, while six cases had no al-
terations. Alteration of 9q33.1 (5 cases) and 18q22.1 (4 cases) were
found in common in accordance to our data.

Three regions significantly altered in our GC cases and absent in
normal placental tissues were selected for detailed discussion: loss
0f 9g33.1 (5 cases), 18q22.1 (4 cases) and gains of 17q25.3 (4 cases).

Loss of 9q33.1 encompasses nine genes including TRIM32,
described in literature as a pro-apoptotic factor and tumor sup-
pressor gene [20]. The Trim32 ubiquitinates X-linked inhibitor of
apoptosis (XIAP) promotes proteosomal degradation [20]. XIAP is a
well-known cancer therapeutic target and down-regulation of this
protein may increase the sensitivity of cell chemoresistance to
cisplatin-induced apoptosis [21]. We detected genomic loss

involving TRIM32 in five GCs, while two of these patients that were
treated with a combination of drugs, including cisplatin, presented
resistance to chemotherapy. These findings suggest that TRIM32
loss is a putative marker associated with the mechanism of treat-
ment response in GC. The loss in 9q33.1 also includes PAPPA, which
is normally down-regulated in response to the early embryonic
signal, human chorionic gonadotropin (hCG) [22]. The PAPPA loss
could be indirectly related with hCG increased levels in a number of
patients with gestational choriocarcinomas.

A significant loss of 18q22.1 (3.1 Mb) harboring CDH7 and CDH19
genes was detected in four GC samples. Loss involving 18q21.3-q23
was previously described in one primary choriocarcinoma [12].
Kasak et al. [15] found duplication of CDH19 in normal placenta
giving additional support of the involvement of this gene in cho-
riocarcinomas. Down-regulation of CDH19 was associated with
advanced head and neck squamous cell carcinomas and colorectal
tumors [23,24]. Taken together, our findings suggest that CDH7 and
CDH19 are potential contributors to the gestational choriocarci-
noma development.

Fourteen genes mapped on 17q25.3 were involved in gains
(cases T1, T2, T4 and T8), including CBX2, CBX4 and CBX8. Protein-
protein interaction (PPI) networks prediction demonstrated that
these proteins co-interact and are important components of Poly-
comb repressive complexes. The polycomb group (PcG) proteins are
known to transcriptionally silence crucial tumor suppressor genes
in a variety of cancers through histone modification [25]. Inter-
estingly, three of four cases with 17g25.3 gains were classified as
having high risk prognostic score (>6) (according to FIGO 2000)
giving support for the involvement of this alteration in GC.

In silico functional interaction analysis demonstrated that PTEN
signaling pathway may display an important role in GC. We
detected genomic gains involving three genes (SHARPIN, NFKB2 and
PRKCZ) responsible for the PTEN pathway negative regulation
[26—28]. In addition, four GC patients showing alterations in genes
associated with the PTEN pathway were classified as high risk
prognostic score (>6). These data suggested that PTEN signaling
pathway might have an important role in gestational
choriocarcinomas.

The in silico analysis also revealed the involvement of the PI3K-
Akt signaling pathway (ITGA3, COL1A1, CHAD, TLR4, GNB1 and
PRKCZ) in GC. This pathway involves proteins negatively regulated
by PTEN through AKT inhibition and acts as regulator of cell growth,
proliferation, migration and adhesion [29,30]. Recently, the anti-
cancer effects of apigenin were investigated in choriocarcinoma
cell lines (JAR and JEG3) [31]. According to the authors, apigenin
promotes activation of apoptosis and inhibition of cell proliferation
and migration, acting via inactivation of PI3K/AKT and activation of
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Fig. 2. A. Graphic representation of microsatellite D8S1110 of the case T7 (GC): the patient is homozygous for 279bp alleles, the tumor showed 275bp and 279bp alleles, and the
father presented 260bp and 275bp alleles. B. Graphic representation of microsatellite D8S1110 of the case T11 (NGC): patient showed 276bp and 287bp alleles, the tumor presented
276bp and 287bp alleles, and the father had 260bp and 272bp alleles. C. Representation of genomic alterations exhibiting gains (blue bars) and losses (red bars) in gestational
(N = 8) and non-gestational choriocarcinoma cases (N = 5). Y-scale represents the frequency (%) of cases affected by CNA. The arrows indicate the CNAs observed in more than 50%

of GC cases.

ERK1/2 signaling pathways [31]. These data highlighted the
importance of PI3K-Akt signaling pathway on GC, which brings
possibilities to identify better therapeutic strategies for these
patients.

Differently from GC, non-gestational choriocarcinomas have
been associated with resistance to chemotherapy and reduced
survival [32,33]. In our cohort of five NGC cases, none of them died
from the disease. Two NGC patients had resistance to the first line
of chemotherapy protocol (methotrexate and folinic acid) but had

positive response to the second line of treatment using
actinomycin-D (follow up of 60 months).

Non-gestational choriocarcinomas exhibited a homogeneous
genetic profile, showing few CNAs per sample. The only statistically
significant CNA detected in NGC cases was gain of 21p11.1, which
was also observed in GC samples. The size (104.6 Kbp) and the
absence of genes known in this region suggested that this alteration
is a copy number polymorphism. A different mechanism of genetic
or epigenetic dysregulation probably is associated with the
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Table 3
Significant copy number alterations in gestational and non-gestational choriocarcinoma samples using the Agilent 4 x 44 K microarray platform. The CNAs obtained in the
analysis were compared with the Database of Genomic Variants (DGV, http://dgv.tcag.ca/dgv/app/home, updated in July 2015).

Gestational Choriocarcinoma

Region  Event Region Start — end Genes P Samples DGV*
length (Kb) value (N =38)
(Kb)
1p36.33 - Gain 896.2 1,793,546 GNB1, CALML6, TMEM52, Clorf222, KIAA1751, CFAP74, AK054708, GABRD, PRKCZ, AX747530, >0.001 T1, T4, T5 O
p36.32 —2,689,845 BC018779, C1orf86, SKI, LOC100129534, MORN1, RER1, PEX10, PLCH2, PANK4, HES5, LOC115110,

LOC100133445, TNFRSF14, LOC100996583, FAM213B, MMEL1, TTC34
8q243  Gain 1063.8 144,964,149  PLEC, PARP10, OPLAH, GPAA1, CYC1, PLEC, PARP10, GRINA, SPATC1, OPLAH, EXOSC4, GPAA1, CY(C1, 0.027 TI1,T2 1
—146,027,963 SHARPIN, MAF1, KIAA1875, FAM203A, MROH1, SCXB, SCX, BOP1, HGH1, HEATR7A, BOP1, HSF1, DGATI,
SCRT1, TMEM249, FBXL6, SLC52A2, ADCKS5, CPSF1, SLC39A4, VPS28, TONSL, AK298596, LOC100287098,
CYHRI1, KIFC2, FOXH1, PPP1R16A, AK094577, GPT, MFSD3, RECQL4, DQ579335, LRRC14, LRRC24,
C80rf82, ARHGAP39, DQ588968, ZNF251, ZNF34, RPL8,, DL491750, ZNF517, miR-661, miR-6846, miR-
6847, miR-7112, miR-6848, miR-939, miR-1234, miR-6849, miR-6893
10g24.32 Gain 669.2 103,723,394  C100rf76, HPS6, LDB1, PPRC1, NOLC1, ELOVL3, PITX3, BC068543, GBF1, NFKB2, PSD, FBXL15, CUEDC2, 0.015 T1, T2 0
—104,392,647 C100rf95, RPARP-AS1, LOC100505761, AX746750, TMEM180, ACTR1A, SUFU, miR-146b

179253 Gain 724.2 77,414,421 RBFOX3, HP09025, ENPP7, CBX2, CBX8, CBX4, LOC101928766, BC044939, LOC101928738, TBC1D16, 0.001 T1,T2, O
—78,138,718  CCDC40, GAA, EIF4A3, miR-4739 T4, T8

18p11.1 - Gain 406.1 16,793,851 - 0.015 T6 0

qll.1 —17,200,000

21p11.1 Gain 104.6 10,013,263 - 0.015 T6, T8 0
-10,117,957

9q33.1 Loss 3053.6 118,689,745  PAPPA, PAPPA-AS1, ASTN2-AS1, LOC100128505, TRIM32, ASTN2, SNORA70C, LOC101928797, TLR4 >0.001 T1,T2, O
—121,743,376 T4, T6, T8

17921.33 Loss 1508.4 47,627,158 LOC100288866, NXPH3, SPOP, SLC35B1, FAM117A, KAT7, TAC4, FLJ45513, DLX4, DLX3, LOC284080, 0.018 T1,T4,T8 0
—49,135,599  ITGA3, PDK2, SAMD14, PPP1R9B, SGCA, HILS1, BC126901, BC033456, DD181999, HV555657, COL1A1,
LOC101927230, TMEM92, TMEM92-AS1, XYLT2, MRPL27, EME1, DQ599569, LRRC59, ACSF2, CHAD,
RSAD1, MYCBPAP, EPN3, SPATA20, CACNA1G-AS1, CACNA1G, ABCC3, BC131755, ANKRD40, LUC7L3,
AK090674, LINC00483, WFIKKN2, TOB1, TOB1-AS1, SPAGY, miR-8059
18g22.1 Loss 3129.1 61,660,093 LINC00305, LOC400654, LOC284294, CDH7, CDH19, miR-5011 0.045 TI1,T2, 1
—64,789,199 T6, T8

Non-gestational Choriocarcinoma

Region Event Region Start — end Genes P Samples DGV*
length (Kb) value (N =15)
(Kb)
21p11.1  Gain 104.6 10,013,263 - 0.015 T10,T13 O
-10,117,957

Legend: P value was calculated using the Rank Segmentation algorithm and the STAC (Nexus Copy Number software, version 6.0; Biodiscovery Inc). * Database of Genomic
Variants (DGV) comparison: number of individuals with the same type (gain or loss), same size or overlapping > 80% of those detected in GC and NGC. Alterations found in
more than 10 individuals of the CNV dataset were exclude from the analysis.
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Fig. 3. Networks and protein-protein interaction analyses. A. Predicted network with higher score (37) associated with organismal development, cell-to-cell signaling and
interaction, cellular assembly and organization (Ingenuity Pathway Software). Molecules in red and green indicate genes involved in gains and losses, respectively. B. Protein-protein
interaction (PPI) networks of 29 genes affected by CNA on at least 50% of GC samples. The triangle size is proportional to the number of interactions for each protein. The interaction
partners for each protein were obtained from the Interologous Interaction Database (I12D) v 2.0 and the network was visualized and analyzed with the NAViGaTOR 2.03 software.
Blue dashed lines represent direct interactions between proteins of interest.
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tumorigenesis of NGC. Therefore, further studies using alternative
approaches to better characterize NGS are extremely necessary to
better understand and treat these patients.

Since the trophoblastic diseases (GC and NGC) are rare, one
limitation of our study is the small number of cases. In addition, the
germline genomic profiles were not assessed and the sex chro-
mosomes were excluded of the analysis. However, our results
described genomic regions and genes altered in high frequencies
with potential involvement in GC samples.

Overall, our data contributes to the understanding of the mo-
lecular pathobiology of gestational choriocarcinomas pointing out
to the involvement of TRIM32, PAPPA, (both mapped in 9q33.1),
CDH7 and CDH19 (both mapped in 18q22.1) and the Polycomb
repressive complexes (CBX2, CBX4 and CBX8; mapped in 17q25.3).
The PTEN and PI3K-Akt pathways were the most relevant signaling
pathways involved in GC. In our cohort of non-gestational chorio-
carcinoma cases, copy number alterations were not significant and
the genetic mechanism associated with these lesions remains to be
clarified.
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