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Abstract
Rationale: Familial hydatidiform mole is extremely rare while familial gestational trophoblastic neoplasia (GTN) has never been
reported. Inspired by 2 biological sisters with postmolar GTN and liver toxicity, we reviewed susceptible maternal-effect genes and
explored the role of possible drug transporter genes in the development of GTN.

Patient concerns: We reported one Chinese family where the two sisters developed postmolar GTN while experiencing fast
remission and significant hepatic toxicity from actinomycin D chemotherapy.

Diagnoses: The index pregnancy was diagnosed with curettage. The following GTN was confirmed when there was a rise in beta-
hCG for three consecutive weekly measurements over at least a period of 2 weeks. Computed tomography was used to identify lung
metastasis. The elder sister was diagnosed with gestational trophoblastic neoplasia (III: 2) while the younger sister was diagnosed as
III: 3 according to WHO scoring system.

Interventions:Patients were treated with actinomycin D of 10mg/kg intravenously for 5 days every 2 weeks. When hepatic toxicity
was indicated, polyene phosphatidyl choline and magnesium isoglycyrrhizinate were prescribed.

Outcomes: Both patients responded extremely well to the 5-day actinomycin D regimen. Beta-hCG remained less than 2mIU/ml
after 5 cycles while computed tomography scan showed downsized pulmonary nodules. Both experienced significant rise in ALT and
AST levels that could be ameliorated with corresponding medication. Monthly followed-up showed negative beta-hCG levels and
normal liver enzyme levels.

Lessons:We speculated that the known or unknown NLRP7 and KHDC3L mutations might be correlated with drug disposition in
liver while liver drug transporters such as P-glycoprotein family that are also expressed in trophoblasts might be correlated to GTN
susceptibility. Future genomic profiles of large samples alike using next generation sequencing are needed to confirm our hypothesis
and discover yet unknown genes.

Abbreviations: ALT = alanine transaminase, AST = aspartate transaminase, GTN = gestational trophoblastic neoplasia, hCG =
human chorionic gonadotropin.
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1. Introduction

Gestational trophoblastic disease is a group of uncommon
conditions associated with abnormal pregnancy. The benign
forms include complete and partial hydatidiform moles. The
malignant forms are grouped under gestational trophoblastic
neoplasia (GTN), including invasive mole, choriocarcinoma,
placental site trophoblastic tumor, and epithelioid trophoblastic
tumor.[1,2] GTN can develop after a molar or nonmolar
pregnancy. Due to lack of specific histological features, GTN
is mainly diagnosed by beta-hCG surveillance.[3,4] Althoughmost
women can be cured by chemotherapy, many interesting issues
arise. For example, we still do not fully understand why molar
pregnancy happens and cannot predict whether it will recur or be
followed by the development of GTN. We also cannot tell why
some cases become drug resistant while others are not.
Population studies have revealed risk factors such as maternal
age, dietary habits, socioeconomic status and ethnicity difference
while karyotyping and genetic investigations have discovered the
androgenic nature of sporadic hydatidiform moles.[5–7] Still,
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these findings cannot explain the current confusions, especially
for those familial cases.
Advances in molecular pathology over the last decade have

brought clinicians a clearer view on the genetic aberrations of
gestational trophoblastic disease. Most recently, it is now well
recognized that familial biparental complete hydatidiform mole
are correlated with mutations of maternal-effect genes such as
NLRP7 and KHDC3L, which not only affect implantation of the
embryo by altering inflammatory pathways but also impair
maternal imprinting to reset at early embryogenesis.[8–10]

However, these gene mutations were mainly studied in biparental
complete hydatidiform mole, not mentioning any form of GTN.
It is then hardly feasible to explain the disease progression or drug
resistance with the current mutants.
Here, we reported one Chinese family where the 2 sisters

developed postmolar GTN while experiencing fast remission and
significant hepatic toxicity from actinomycin D chemotherapy.
We also conducted a thorough literature review to provide a
closer understanding of the existing genetic aberrations and
provide a new perspective of the future genetic research on this
group of diseases.
2. Case report

This study was approved by Ethical Review Committee of the
West China Second Hospital of Sichuan University and written
informed consent was obtained from both patients. In September
2013, the elder sister (22-year-old, gravidity-0, parity-0) visited
the local hospital complaining of vaginal bleeding after 5-week
period of amenorrhea. Serum beta-hCG level was 3120 mIU/mL
and no mass was present in uterus or pelvic cavity according to
ultrasonography. A further diagnostic laparoscopy was con-
ducted but no pregnancy tissue was found. Methotrexate and
mifepristone were prescribed but beta-hCG elevated to 3413.4
mIU/mL after 1 week. The patient was then referred to the
Department of Gynecology and Obstetrics of West China Second
University Hospital. She underwent a dilatation and curettage
(D&C) that showed endometrial polyps and proliferative phase
endometrium (Fig. 1A). During the follow-up, the beta-hCG level
increased weekly to 7612.9 mIU/mL after one month. According
to the FIGO recommendation, GTN can be confirmedwhen there
Figure 1. Pathologic assessment of the uterus in the index pregnancy after dilation
polyps and proliferative phase endometrium. The absence of fetal parts detected by
or other deformed pregnancies. (B) For the younger sister, microscopic exam
degenerated villi, suggesting complete hydatidiform mole.
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is a rise in beta-hCG for 3 consecutive weekly measurements over
at least a period of 2 weeks or more.[1] A further computed
tomography scan of her chest revealed an isolated 2cm nodule in
the lower right lung. Therefore, the gestational trophoblastic
neoplasia (III: 2) was diagnosed.
Pretreatment laboratory evaluation confirmed the eligibility

for chemotherapy including normal aspartate transaminase
(AST) and alanine transaminase (ALT) levels. The patient was
then treated with actinomycin D (10 mg/kg intravenously for 5
days every 2 weeks; dosage and treatment interval were adjusted
when chemotherapy contradictive adverse events were observed)
starting from November 2013.[1] One week after the first cycle
treatment, beta-hCG dramatically decreased to 491.9 mIU/mL.
However, the liver blood test showed significant elevation of AST
(116U/l) and ALT (70U/l) with no particular abnormality of liver
and gallbladder in ultrasonography. Markers of hepatitis virus
were detected negative to exclude latent infection. The patient
was immediately treated with polyene phosphatidyl choline and
magnesium isoglycyrrhizinate until both enzymes fell to accept-
able concentrations for chemotherapy.
During the subsequent treatment, the patient responded

extremely well to the 5-day actinomycin D regimen. Beta-hCG
dropped to <2 mIU/mL after 3 cycles, which was followed by
additional 2 cycles of chemotherapy for consolidation. Comput-
ed tomography scan also showed downsized pulmonary nodule.
Notably, 3 to 7 days after actinomycin D injection in each cycle,
AST and ALT would elevate to levels where treatment were
needed even though oral polyene phosphatidyl choline and
glycyrrhizinic acid were prescribed during the whole treatment
process. The patient was followed up for 12 months and she
maintained negative beta-hCG levels and normal liver enzyme
levels (Fig. 2A).
Four years later, the 22-year-old, gravidity-0, parity-0 younger

sister visited the local hospital in April 2017 for 5 weeks of
amenorrhea. Beta-hCG was more than 10000 mIU/mL but no
embryo was found in uterine cavity in ultrasonography. While
suggested follow-up, she presented to our hospital for vaginal
bleeding and abdominal pain after one week. Tests showed beta-
hCG level of 29,000 mIU/mL and ultrasonography showed a 4
cm high echo mass with 1cm fluid sonolucent area inside. She
underwent suction evacuation under ultrasound guidance. The
and curettage. (A) For the elder sister, hematoxylin-eosin showed endometrial
curettage and laparoscopy might indicate a miscarriage of a hydatidiformmole
ination demonstrated generalized trophoblastic proliferation with hydropic



Figure 2. Serum beta-hCG and ALT levels during chemotherapy. Both patients responded extremely well to the 5-day actinomycin D regimen (the timing of
actinomycin D treatment was shownwith black arrow). Beta-hCG dropped to less than 2mIU/mL after 2 and 3 cycles, respectively (each dot on the red line refers to
each hCG value tested during surveillance). Notably, both ALT levels would elevate significantly 3 to 7 days after each cycle’s actinomycin injection (each dot on the
blue line refers to each ALT value tested during surveillance). Neither organic lesion could be found in ultrasonography nor hepatitis virus infection could be
suspected in the serum test. We successfully ameliorated the liver condition before each new cycle by using polyene phosphatidyl choline, magnesium
isoglycyrrhizinate, and ademetionine 1,4-butanedisulfonate.
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postoperative pathological assessment suggested complete mole
(Fig. 1B). In the subsequent follow-up, the beta-hCG level
dropped to 2000 mIU/mL but rose to 3641.2 mIU/mL after 3
consecutive weekly measurements. Vaginal ultrasound examina-
tion of pelvis was conducted and revealed a 2cm high echo mass
Figure 3. Radiographic and ultrasound images of the younger sister. (A and B) Be
computed tomography and ultrasonography revealed a 2cm high echo mass
chemotherapy, computed tomography showed most of the primary pulmonary n
ultrasonography detected no mass in uterine cavity.
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with irregular fluid area inside. Multiple nodules were displayed
in both lungs according to the computed tomography but the
chest x-ray only discovered 5 nodules (Fig. 3A and C). With the
accumulated evidence, she was diagnosed with gestational
trophoblastic neoplasia (III: 3).
fore treatment, multiple nodules were displayed in both lungs according to the
with irregular fluid area inside. (C and D) After 5 cycles of actinomycin D
odules were diminished and the remaining were significantly downsized, while
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Starting from July 2017, she was given actinomycin D
chemotherapy (10 mg/kg intravenously for 5 days every 2 weeks)
after a thoroughpretreatment laboratory evaluation. Similar toher
elder sister, shewas very sensitive to actinomycinD.We conducted
5 cycles of chemotherapy, 3 of whichwere for consolidation. After
5 cycles, no mass could be detected in uterine cavity and the
primary pulmonary nodules were significantly downsized (Fig. 3B
and D). Interestingly, her ALT and AST levels were also elevated
significantly after each cycle’s actinomycin injection but neither
organic lesion could be found in ultrasonography nor hepatitis
virus infection could be suspected in the serum test.We successfully
ameliorated the liver condition before each new cycle by using
polyene phosphatidyl choline and magnesium isoglycyrrhizinate.
The beta-hCG and ALT levels were shown in Figure 2B. After
treatment, the patient has been followed-up in our clinics monthly
throughJune2018andshemaintains negative beta-hCG levels and
normal liver enzyme levels.
3. Discussion

Gestational trophoblastic disease is a group of uncommon
conditions associated with abnormal pregnancy including the
premalignant complete hydatidiform moles and partial hydatidi-
form moles as well as the malignant gestational trophoblastic
neoplasia consisting of malignant invasive moles, choriocarcino-
ma, placental site trophoblastic tumor, and the epitheliod
trophoblastic tumor. Although most cases of GTN can now be
successfully treated and cured by chemotherapy, the possibility of
recurrence and fertility control afterwards greatly affect those
patients in their family planning.[11,12] Thus, risks factors and
potential genetic elements were explored through past years.
Maternal age, dietary habits, socioeconomic status, and ethnicity
difference are considered significant risk factors of GTN
occurrence.[13,14] Familial molar pregnancies or gestational
trophoblastic diseases are exceedingly rare. Only a few cases
have been reported, most of which were familial or recurrent
complete hydatidiform moles in Middle Eastern and Caucasian
families.[15–17] Although little is known about the underlying
pathophysiology, those rare cases illustrated possible genetic
factors in GTN susceptibility such as CATERPILLER protein
family gene mutations and alterations in genetic imprinting.[18]

Here, we reported one Chinese family where the 2 sisters
developed postmolar GTN while experiencing fast remission and
significant hepatic toxicity from actinomycin D chemotherapy.
In this family, the 2 sisters shared similar history. First, they

both presented with molar pregnancy in early trimester and
developed stage III low-risk GTNwithin 4 months after curettage
according to beta-hCG surveillance. Second, they responded
extremely well to 5-day actinomycin D chemotherapy but
experienced significant rise in ALT and AST levels indicating
hepatic toxicity that could be ameliorated with corresponding
medication. While this familial occurrence and drug response
might be unrelated, this indicated that there might be common
genetic factors that could predispose patients to gestational
trophoblastic disease and at the same time affect liver trans-
porting function of particular drugs.
Accumulating karyotype and genotype data demonstrated that

familial molar pregnancies were not always separate entities.
Recent studies of patients with familial recurrent hydatidiform
moles identified 2 candidate genes called NLRP7 and KHDC3L
that are located on chromosome 19 and 6, respectively.[19,20] To
date, approximately 50 NLRP7 mutations and 4 KHDC3L
mutations have been uncovered in familial molar pregnancy
4

patients in either homozygous or compound heterozygous
fashion.[21] The cytoplasmic NLRP7 protein is a member of
the CATERPILLER protein family with implications in inflam-
mation, apoptosis and innate immunity. In wild-type individuals,
the NLRP7 protein can inhibit caspase-1-dependent interleukin-
1beta, a proinflammatory cytokine abundantly expressed in the
female reproductive tract while the KHDC3L protein co-localizes
with NLRP7 to the microtubule-organizing center and the Golgi
apparatus in human oocytes and preimplantation embryos.[22] It
is then speculated that mutations in NLRP7 and KHDC3L can
impair the implantation and development of the embryo by
altering inflammatory pathways in the uterus. Most recently,
several articles hypothesized that defects of NRLP7 regulation of
cytokines might disrupt the global imprinting within the ovum on
the basis that imprinting gene defects with silencing of maternal
imprinted genes and expression of paternal imprinted counter-
parts were detected in molar tissues of NLRP7 or KHDC3L
mutated familial molar pregnancy patients.[23–25] Whereas, no
consensus has been reached as to the specific role of NRLP7 in
GTN while most of the mechanisms are demonstrated on
hypothesis as well as indirect evidence in vitro. Notably, it has
been shown that NLRP7 transcripts are expressed in human
tissues including liver, placenta, thymus, testis, and ovaries.[26]

Whether specific domain mutations in NLRP7would impair liver
function is still unknown because none of the previous familial
cases have reported NLRP7 mutations and hepatic toxicity at the
same time. From another perspective, since the specific function
of NLRP7 and KHDC3L are yet unknown, this phenomenon
might unveil new mechanisms of these genes in the pathogenesis
of GTNor lead to possible newmutations in different loci that are
correlated with known liver drug transporters.
Actinomycin D plays a pivotal role in the treatment of

gestational trophoblastic neoplasia. It binds to DNA in a
guanine-dependent manner to prevent RNA synthesis and can
inhibit the incorporation of nucleotide triphosphates into
DNA.[27] Actinomycin D is a relatively well-tolerated drug with
minimal side effects even in pediatric patients ofWilms tumor.[28]

Previous pharmacokinetic studies demonstrated the extensive
variation of actinomycin D exposure in different patients but the
underlying mechanism is unknown.[29] It is postulated that
actinomycin D transporters would affect the drug disposition and
metabolism, resulting in different extents of efficacy and adverse
effects. Several studies have proved that actinomycin D is a
substrate for ATP-binding cassette (ABC) transporters in liver.
Included within ABC transporters are members of the P-
glycoprotein (ABCB) family, such as multidrug resistance protein
1 (MDR1), the bile salt export pump (BSEP) and the multidrug
resistance-associated (MRP, ABCC) protein family that exhibit
either influx or efflux properties.[30,31] Interestingly, studies have
also explored the expression of P-glycoprotein in human
placentas and hydatidiform moles. These studies revealed that
P-glycoprotein expressed in trophoblasts has drug binding sites
and the ability to transport vincristine, suggesting that P-
glycoprotein in the placenta protects the fetus from xenobiotics
and confers drug resistance on moles.[32,33] Therefore, mutation
of drug transporter genes expressed in both liver and trophoblasts
might inhibit efflux of drug from liver thus cause liver toxicity and
increase blood drug concentration (Fig. 4). It might also change
the drug affinity to these trophoblasts, thus enhance or diminish
drug treatment efficacy. Yet whether the mutation of these genes
is correlated with GTN susceptibility is not clarified. However, it
is known that ABC transporters also mediate cell fusion, stem cell
function, and vasculogenic plasticity.[34] One study stained



Figure 4. Discovered drug transporters in liver.[31] The coordinated expression and activity of uptake and efflux transporters mediates absorption of exogenous
(drugs) and endogenous substrates from the bloodstream in the hepatocyte or proximal tubular cell, respectively. Drugs may undergo further biotransformation or
be excreted into bile or urine for subsequent elimination from the body. Mutation of drug transporter genes that expressed in both liver and trophoblasts such as
MDR1 might inhibit efflux of drug from liver thus cause liver toxicity and increase blood drug concentration.
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ABCB5 in healthy placental tissues, partial moles, complete
moles, choriocarcinoma and placental site trophoblastic tumor
tissues and found different expressions of ABCB5 between
healthy villous trophoblasts and GTN tissues.[35] Therefore, it is
possible that certain mutation of these drug transporter genes
might increase the risk of GTN. In consideration of our case,
studying liver drug transporter genes that are expressed in
trophoblasts might be helpful in further elucidating familial
gestational trophoblastic diseases.
In conclusion, this study is the first to report familial GTN in

Chinese population. Unlike the recurrence of complete moles in
previous literature, the gestational trophoblastic neoplasia
developed after the molar pregnancy in the 2 sisters, indicating
a more malignant mechanism under the scene. It is also the first to
reveal the possible relationship between GTN susceptibility and
liver transporters. We acknowledge that the major limitation of
this study was the lack of related genetic analysis. It remains
unknown if mutations of NLRP7/KHDC3L or drug transporter
genes were truly existed in this family. Thus, we should not
exclude the possibility that this might be an isolated case in which
the familial occurrence and drug response were unrelated.
However, it still uncloses another perspective of the genetic
research onGTNbased on the current poorly answered questions
on why hydatidiform moles develop and how they become
malignant. Future genomic profiles of large samples alike using
next generation sequencing are needed to confirm our hypothesis.
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