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SUMMARY

Gestational trophoblastic disease (GTD) is a group of disorders derived from the placenta
and includes hydatidiform mole, choriocarcinoma, placental site trophoblastic tumour
(PSTT) and epithelioid trophoblastic tumour (ETT). As they are related to pregnancy, they
predominantly occur in the reproductive years. These disorders are uncommon and
choriocarcinoma, PSTT and ETT are very rare. Choriocarcinoma, PSTT and ETT can arise
many years after a previous pregnancy and can therefore be difficult to diagnose. Rapid
and accurate diagnosis is important as patients have a very good prognosis if appropriate

treatment is provided timeously.

Data from South Africa (SA) are lacking, and the aim of this study was therefore to evaluate
the local demographic and genetic features of patients with GTD seen in public health care
facilities in the Free State Province to determine whether they conform to the available
African and international literature. The demographic features were evaluated by
performing a retrospective review of all cases of GTD diagnosed by the Department of
Anatomical Pathology, National Health Laboratory Service and University of the Free State
over a 10-year period. The department provides Anatomical Pathology services to all public
sector health care facilities in the Free State Province of South Africa. In addition, all patients
with GTD referred to the Department of Oncology, National District Hospital for clinical
management were evaluated to determine whether a human immunodeficiency virus (HIV)

positive status is a poor prognostic factor.

Two hundred and twenty-six patients were diagnosed in the 10 year period, 200 with
hydatidiform moles (88.5%) and 26 with choriocarcinomas (11.5%). No PSTT or ETT were
identified. The age of the patients and the presenting features were similar to that reported
in available literature. The incidence of hydatidiform mole and choriocarcinoma was
0.4/1000 deliveries and 0.05/1000 deliveries respectively. This is extremely low and
additional studies are required to determine whether this is a true reflection of the incidence
or whether it may be due to non-referral of products of conception for histopathological

confirmation.

This study confirmed that HIV positive patients with a CD4 count of less than 200 cells/pl
have a statistically significantly worse prognosis than HIV positive patients with a CD4 count
of more than 200 cells/ul and HIV negative patients (p=0.03). This is of clinical significance

as the Free State Province has the second highest HIV prevalence in SA and 25.5% of

X



adults between the ages of 15 and 49 years are HIV positive.

To evaluate the genetic features of GTD, next generation sequencing for NLRP7 and
KHDC3L was performed on patients with a history of a previous hydatidiform mole and one
or more additional episodes of reproductive wastage. These genes are maternal-effect
genes and are associated with recurrent hydatidiform moles. One novel pathogenic NLRP7
variant and two novel NLRP/ variants of unknown clinical significance were identified. This
is the first report of a pathogenic NLRP7 variant in a South African patient. In the second
part of the study, microsatellite genotyping was performed on 20 patients with
choriocarcinoma as was successful in 18 cases. Microsatellite genotyping indicated the
majority to be gestational choriocarcinomas (17/18), with only a single case being non-
gestational (1/18). Sixteen of the gestational choriocarcinomas were secondary to a prior
complete hydatidiform mole (CHM) while one was due to a previous normal pregnancy.
Their origin proved to be critical as choriocarcinomas secondary to a prior CHM have the
best prognosis and primary choriocarcinoma requires different chemotherapy.

The data obtained from this study will improve patient care for women with GTD and both
the molecular techniques will be implemented onto the diagnostic platform after validation.

Xi



DEMOGRAPHIC AND GENETIC FEATURES OF GESTATIONAL TROPHOBLASTIC
DISEASE IN THE PUBLIC SECTOR OF THE FREE STATE PROVINCE, SOUTH
AFRICA

CHAPTER 1

LITERATURE REVIEW

1.1 INTRODUCTION

Gestational trophoblastic disease (GTD) is composed of a group of disorders arising from
placental trophoblastic tissue (Brown et al., 2017). The current World Health Organization
(WHO) classification of GTD consists of hydatidiform mole, choriocarcinoma, placental site
trophoblastic tumour (PSTT), epithelioid trophoblastic tumour (ETT), miscellaneous
trophoblastic lesions and abnormal (non-molar) villous lesions. Hydatidiform moles are
further sub-classified as complete, partial and invasive while the miscellaneous trophoblastic
lesions consist of exaggerated placental site and placental site nodule and plaque (Kurman
etal., 2014).

Placental site nodule and plaque and exaggerated placental site are non-neoplastic while
hydatidiform moles have a potential for malignant transformation and choriocarcinoma,
PSTT and ETT are classified as neoplasms (Kurman et a/., 2014). The malignant lesions are
collectively grouped under the term gestational trophoblastic neoplasia (GTN) (Seckl, 2018).

During embryogenesis trophoblast arises from the trophoectoderm (Shih and Kurman,
2002; Sebire and Lindsay, 2010). Trophoblastic tissue can be divided into villous and
extravillous trophoblast. Villous trophoblast covers the chorionic villi while all other
trophoblast is classified as extravillous. There are three populations of trophoblast namely
cytotrophoblast, syncytiotrophoblast and intermediate trophoblast (Shih and Kurman, 2001;
Shih and Kurman, 2002; Cheung, 2003). Villous trophoblast is composed predominantly of
cytotrophoblast and syncytiotrophoblast while extravillous trophoblast consists of
intermediate trophoblast (Shih and Kurman, 2002). Hydatidiform mole and
choriocarcinoma arise from villous trophoblast while PSTT and ETT arise from intermediate
trophoblast (Shih and Kurman, 2002; Sebire and Lindsay, 2010).

Exaggerated placental site and placental site nodule and plaque are not included in studies



on GTD in the literature. They will therefore not be included in the scope of this dissertation

apart from a brief mention later in this chapter.

1.1.1 Hydatidiform mole

A hydatidiform mole is an abnormal pregnancy characterized by poor or no fetal
development, trophoblast proliferation and hydropic villi. The term hydatid, which means
drop-like, was first used by Aetius of Amida, a physician in Justinian’s court in the sixth
century. Additional case reports were recorded in the following centuries including that of
Margaret, Countess of Henneberg who delivered what appeared to be a hydatidiform mole
in 1276 (Ober, 1959).

Hydatidiform moles can be divided into partial, complete and invasive moles. Partial
hydatidiform mole (PHM) and complete hydatidiform mole (CHM) have different genetic
origins as highlighted in Figure 1 (cf. Appendix D). PHM has a triploid chromosome
constitution due to an extra haploid set of chromosomes. More than 90% of cases are due
to fertilization of an ovum by two sperm. The rest of the cases are due to one haploid sperm
fertilizing an ovum with reduplication of the paternal chromosomes or fertilization by one
sperm which is diploid due to failure of meiosis I or II. Approximately 70% of PHM are
69,XXY while 27% are 69,XXX and the remainder are 69,XYY (Hui et a/., 2017). In contrast,
the vast majority of CHM are androgenetic in origin and all 46 chromosomes are paternal.
This may occur due to fertilization of an empty ovum by two separate sperms or by a sperm
which undergoes division after penetration (Li et a/, 2002). A few patients with familial
recurrent CHM have a biparental diploid karyotype with mutations in the NLRP7, KHDC3L
or PADI6 genes (Froeling and Seckl, 2014). In invasive mole the villi infiltrate the

myometrium, blood vessels or extra-uterine tissue (Cheung, 2003).
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Figure 1.1: Genetic origins of molar pregnancies

A.

Monospermic CHMs arise as a result of pre- or post-fertilisation loss of the maternal
nuclear genome and duplication of the paternal genome. These androgenetic diploids
are 46,XX, 46,YY conceptuses being presumed non-viable.

Dispermic CHMs arise as a result of two sperm fertilising an ovum from which the
maternal nuclear genome is lost. These androgenetic diploid conceptuses may be 46,XX
or 46,XY.

Biparental CHMs occur in females who are homozygous, or a compound heterozygote,
for variants in NLRP7or KHDC3L. These biparental conceptuses are phenotypically CHM
and may be 46,XX or 46,XY.

Dispermic PHMs arise as a result of fertilisation of a single ovum by two sperms. These
diandric triploid conceptions may be 69,XXX, 69,XXY or 69,XYY. (Seckl et al., 2013.

Permission from Oxford University Press attached in Appendix D).



The evaluation of the incidence of GTD has been complicated by the use of different
denominators including live births, pregnancies and deliveries. In addition, the incidence
appears to increase when histology and molecular genotyping are used to diagnose these
disorders (Bracken, 1987; Smith, 2003). Despite these limiting factors, hydatidiform moles
appear to have the highest rates in South East Asia with 12/1000 pregnancies in Indonesia,
India and Turkey. North America, Europe and Australia have rates of 0.5 to 1/1000
pregnancies. Data from South America and Africa are lacking (Smith, 2003; Steigrad, 2003).
Moodley et al. (2003a), reviewed 112 cases of GTD seen at the King Edward Hospital in
Durban and found an incidence of 1.2/1000 deliveries. In a later study, Moodley and
Marishane (2005), reported an incidence of 1.16/1000 deliveries. Seven studies in Nigeria
have reported incidences of between 0.8 and 6/1000 deliveries (Agboola, 1979; Agboola
and Abudu, 1984; Egwuatu and Ozumba, 1989; Mayun et a/, 2008; Audu et al., 2009;
Mbarara et al., 2012; Kolawole et al., 2016). Two studies from Uganda reported incidences
of 1.03 and 3.42/1000 deliveries respectively, whereas for Morocco it was 4.3/1000
deliveries (Leighton, 1973; Kaye, 2002; Boufettal et a/., 2011).

Risk factors for the development of hydatidiform mole include maternal age, a previous
molar pregnancy and ethnicity. Teenagers and women over 35 years of age have a higher
risk, with the risk peaking at five-times higher for women over 40. The relative risk of a
woman with a previous molar pregnancy is up to 40 times that of the rest of the population
(Steigrad, 2003). The rates of molar pregnancy also differ depending on ethnicity, with
Indians currently having the highest risk (Steigrad, 2003).

In the past, patients often presented with symptoms such as hyperemesis, anaemia, pre-
eclampsia, hyperthyroidism and respiratory distress (Froeling and Seckl, 2014). Presently
many patients present with abnormal vaginal bleeding early in pregnancy and are diagnosed
with a molar pregnancy on ultrasound. The classic sonar features are those of a snowstorm
appearance, but this is only seen in the second trimester. The characteristic features are
less specific during the first trimester (Froeling and Seckl, 2014). Macroscopically CHM is
characterized by numerous vesicular structures representing extremely hydropic chorionic
villi giving the tissue a so called ‘bunch of grapes’ appearance (cf. Figure 1.2). There are no
fetal structures present. In contrast, a fetus or fetal parts are often present in cases of PHM

and there are fewer and less well-developed vesicular structures (Cheung, 2003).
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Figure 1.2: Macroscopic appearance of a complete hydatidiform mole demonstrating
numerous vesicular structures representing hydropic chorionic villi

Histologically CHM is characterised by large, hydropic villi with non-polar trophoblast
proliferation and cistern formation (cf. Figure 1.3a). Early CHM presenting at less than 12
weeks gestation has smaller, abnormally shaped villi which are not markedly hydropic. The
villous stroma is hypercellular with karyorrhectic debris (Buza and Hui, 2012). PHM has a
dual population with large hydropic villi and normal-sized villi which may be fibrotic (Shih
and Kurman, 2002) (cf. Figure 1.3b). The large hydropic villi have an irregular scalloped
appearance. Fetal vessels and red blood cells are often seen (Buza and Hui, 2012).

Figure 1.3: (a) Complete hydatidiform mole with markedly hydropic villi with non-polar
trophoblast proliferation; (b) Partial hydatidiform mole with a dual population of villi
with large hydropic villi and smaller fibrotic villi

It is important to distinguish between PHM and CHM as CHM has a 15% to 20% risk of
developing persistent GTD while PHM has a 0,2% to 4% chance (Shih and Kurman, 2002;
Vang et al., 2012). It is also important to distinguish between non-molar pregnancies and
PHM as PHM requires follow-up with serum B-human chorionic gonadotropin (B-hCG) levels
(Li et al., 2002). Numerous studies have demonstrated that there is marked inter-observer



variability in the diagnosis of hydatidiform moles when based only on haematoxylin and
eosin (H&E) stained sections (Vang et al., 2012). A number of ancillary techniques, including
immunohistochemistry for p57, fluorescence in situ hybridization (FISH), flow cytometry
and molecular genotyping, are available to improve diagnostic accuracy. p57
immunohistochemistry can be used to distinguish CHM from PHM and non-molar
pregnancies as CHM lacks p57 expression while it is retained in PHM and non-molar
pregnancies (McConnell et al.,, 2009) (cf. Figure 1.4). Unfortunately, it cannot be used to

differentiate between non-molar pregnancies and PHM.

Flow cytometry can be used to determine ploidy while FISH can be used to determine sex
chromosome and copy number. Neither can distinguish between maternal and paternal
origin (Nguyen et al., 2018). Molecular genetic analysis can be used to identify androgenetic
diploidy, diandric triploidy and biparental diploidy to diagnose CHM, PHM and non-molar
pregnancies respectively (McConnell et al, 2009). However, it is expensive and not
economically viable to perform it on every specimen. McConnell et a/. (2009), developed a
diagnostic algorithm for the evaluation of products of conception having any features
suggestive of a hydatidiform mole. Evaluation of H&E slides is followed by p57
immunohistochemistry. If the morphological features are suggestive of a CHM and the p57
is negative, a diagnosis of CHM can be made. Cases with features suggestive of a mole and
having a positive or equivocal p57 result should be referred for molecular genotyping

although this is not an option in many centres.

Figure 1.4: (a) CHM with negative p57 staining in the villous stroma. The positivity in
the trophoblast serves as an internal control; (b) PHM with positive staining in the villous
stroma

1.1.2 NLRP7 and KHDC3L mutations in hydatidiform mole

Pathogenic variants in NMLRP7 and KHDC3L (Céorf221) genes have been identified as
causative for familial recurrent hydatidiform mole (Andreasen et a/, 2013). Recurrent



hydatidiform mole is defined as two or more hydatidiform moles in the same patient. This
occurs in 1-9% of patients with a previous hydatidiform mole (Qian et al., 2018). NLRP7
and KHDC3L are maternal-effect genes and their expression is required for normal embryo
development (Manokhina et al., 2013). In addition, NLRP/ variants are also associated with
recurrent spontaneous abortions, still births and intrauterine growth restriction (Murdoch et
al., 2006). NLRP7 was originally mapped to chromosome 19q13.3-13.4 (Moglabey et al.,
1999), and identified by Murdoch et al. in 2006. NLRP7 is a member of a family of genes
termed nucleotide-binding, leucine-rich repeat, pyrin domains. The other members of this
family are involved in inflammation and innate immunity (Hayward et al, 2009). NLRP7
consists of an N-terminal pyrine domain, 9-10 leucine-rich repeats, a NACHT-associated
domain (NAD) and a NACHT region. It encodes for a protein of 1037 amino acids (Moein-
Vaziri et al., 2018). KHDC3L or KH domain containing 3-like gene was identified in 2011
and mapped to chromosome 6 (Parry et al., 2011). KHDC3L has 3 exons and encodes for
a protein consisting of 217 amino acids (Moein-Vaziri et al., 2018). Figure 1.5 (cf. Appendix

E), provides a schematic representation of both genes with previously described variants.

a
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L750V ) X
D722G
W778X
R721W R767S
R413Q R721Q S
RA13W A719V c761Y
- c399Y P716A
Fa5L L398R P716Lfs Pl
wa3ix R390H|  ¢.2130-312_2300+737del1219 A833T
G380R| | cas7E E710Dfs C828Sfs
M192L K379N| | Essects R701C L825X
\ R693G L823X
Vi82M A481T
R432X % RB15H
R156Q ma27t RE93W 1858Hfs
G118fs E340Qfs Fa30L i
S
K116X E340K S675T
E113Gfs v3i9l S673X
E99X Yaloete L661F
€.277+1G>C kg E570X | pes7v .2810+2T>G
Q310Hfs C931X
csay i M542Tfs | Pe51S s
S62Pf G498R
3 koD .2982-2A>G
| T1028A
Amino acids 1 93 1037
Domains PYD ATP NACHT LRR
KHDC3L
Amino acids
Domain

Figure 1.5: Schematic representations of NLRP7 and KHDC3L protein structures with
identified mutations and non-synonymous variants in patients with hydatidiform moles
and reproductive loss



A. NLRP7 protein structure with its domains. PYD = pyrin domain; NACHT == domain
present in NAIP, CIITA, HET-E, and TP1 family proteins; ATP = 5’-triphosphate binding
motif; LRR = leucine-rich repeats. The ATP binding domain is a small motif of 8 amino
acids and starts at position 178.

B. KHDC3L protein structure with identified variants and non-synonymous variants. KH
stands for K homology domain. Variant nomenclature is according to the Human
Genome Variation Society guidelines (http://www.hgvs.org/mutnomen/recs.html).
Variants found in patients with two defective alleles are in red. Non-synonymous
variants (NSVs) found only in patients in heterozygous state and not in controls are in
blue. NSVs found in patients and in subjects from the general population are in black.
Variants found in patients who had at least one live birth are underlined (Nguyen and

Slim, 2014; Permission from Springer attached in Appendix E).

Pathogenic variants of NLRP7 are present in 48-80% of patients with recurrent hydatidiform
moles with more than 60 pathogenic variant described thus far. For KHDC3L, deleterious
variants have been recorded in 10-14% of cases negative for NLRP7, with 6 pathogenic
variants described (Parry et al, 2011; Reddy et a/., 2013; Reddy et al., 2016; Nguyen et
al., 2018)

The majority of mutations described to date are in Caucasian or Asian women. NLRP/7
mutations have been also reported in Tunisian, Senegalese, Egyptian and Moroccan women
while KHDC3L mutations have been described in women of Tunisian and African American
origin (Puechberty et a/., 2009; Landolsi et al., 2011; Parry et al., 2011; Landolsi et al.,
2012; Slim et al., 2012; Reddy et al., 2013). No cases of NLRP7 or KHDC3L mutations have

been described in South African patients.

A third gene, PADI6, has recently been identified. It was originally described as a cause of
female infertility characterized by early embryonic arrest (Xu et al., 2016). In 2018, it was
linked to hydatidiform mole when biallelic missense variants were noted in a family of Han
Chinese origin (Qian et al., 2018). PADI6 is located on chromosome 1p36.13. It encodes a
protein involved in the subcortical maternal complex which is necessary for embryonic

progression past the 2-cell stage in mice (Xu et al., 2016).

1.1.3 Choriocarcinoma

Choriocarcinoma is the most common malignant trophoblastic tumour and occurs

predominantly in pre-menopausal women with a mean age of 30 years (Kaur and Sebire,



2018; Hui, 2019). The first definite report of choriocarcinoma was a series of three cases
presented by Hans Chiari in 1877. Felix Marchand (1846-1928) was the first person to
recognise that these lesions arose from the placenta although a number of years passed

before this was widely accepted by the medical community (Ober, 1959).

Choriocarcinomas can be divided into gestational or non-gestational depending on their
origin. The majority of choriocarcinomas develop from pregnancies including molar
pregnancies, induced and spontaneous abortions, ectopic pregnancies and term or pre-
term deliveries. These are called gestational or secondary choriocarcinoma (Zhao et al.,
2009). There is a 1000 times greater risk of developing a choriocarcinoma after a CHM than
after a non-molar pregnancy (Hoffner and Surti, 2012). A few choriocarcinomas are not
related to pregnancy and are called non-gestational or primary choriocarcinoma (Zhao et
al.,, 2009). Primary choriocarcinoma arises from germ cells in the ovaries or in extragonadal

midline sites such as the retroperitoneum and mediastinum (Cheung et al., 2009).

Determining and comparing the incidence of choriocarcinoma is difficult as different
denominators are used in various studies including pregnancies, deliveries and live births.
However, similar to hydatidiform mole, the incidence of choriocarcinoma is highest in India
and Indonesia with rates of 19.1 and 15.3/1000 pregnancies and lowest in North America,
Europe and Australia with rates of up to 0.7/1000 pregnancies (Steigrad, 2003; Smith,
2003). Studies from Nigeria reported an incidence of between 1 and 5/1000 deliveries while
a study from Uganda reported an incidence of 0.3/1000 deliveries (Leighton, 1973; Agboola
and Abudu, 1984; Mbarara et al., 2012; Mayun et al., 2012; Kolawole et al., 2016). Moodley
et al. reported incidences of 0.5/1000 deliveries and 1.07/1000 deliveries in two studies
from KwaZulu-Natal, South Africa (Moodley et a/., 2003a; Moodley and Marishane, 2005).

Patients present with abnormal vaginal bleeding or with symptoms related to metastatic
disease including severe haemorrhage in metastatic sites (Cheung, 2003; Froeling and
Seckl, 2014). The most common sites of metastases are lung, brain and liver (Cheung,
2003). The serum B-hCG is markedly raised and is almost always more then 10 000 mIU/L
(Kaur and Sebire, 2018). Most choriocarcinomas are located in the uterus but occasional

cases occur in extra-uterine sites such as fallopian tube and ovary (Kaur and Sebire, 2018).

On gross examination one or more dark red tumour masses are noted with extensive
haemorrhage and areas of necrosis (Kaur and Sebire, 2018). Microscopically both forms of

choriocarcinoma are characterized by a biphasic pattern with central areas of mononuclear
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cytotrophoblast surrounded by multinucleated syncytiotrophoblast (cf. Figure 1.6). The
tumour cells are predominantly found at the edge of the lesion with central haemorrhage
and necrosis (Cheung, 2003). Intraplacental choriocarcinomas can also occur (Seckl et al.,
2010). These usually present as a red nodule in a third trimester placenta which can mimic
an infarct or intervillous thrombus. In approximately 60% of cases, the patient will already
have metastatic disease and metastases to the fetus can also occur (Sebire and Lindsay,
2010). Immunohistochemically choriocarcinomas are positive for AE1/AE3 and hCG is
strongly and diffusely positive in the syncytiotrophoblast. The Ki67 index is usually more
than 90% (Kurman et al., 2014).

Figure 1.6: H&E sections of a choriocarcinoma demonstrating the mixture of
cytotrophoblast and syncytiotrophoblast with large areas of haemorrhage and necrosis

Gestational and non-gestational choriocarcinomas have different genetic origins and they
also differ with regards to sensitivity to chemotherapy and prognosis. Identification of these
two types is therefore important in order to select the correct therapy and to evaluate the
prognosis (Fisher et al., 2007; Zhao et al., 2009). In cases of gestational choriocarcinoma,
it is important to determine the nature of the original pregnancy as the prognosis of
choriocarcinoma following a molar pregnancy is better than that following a non-molar
pregnancy (Zhao et al., 2009). It has also been shown that the pregnancy immediately prior
to the development of the choriocarcinoma may not be the causative pregnancy in some
cases (Zhao et al., 2009).

The karyotype of gestational trophoblastic tumours should reflect that of the pregnancy
from which they originated. After a live birth or spontaneous abortion both maternal and
paternal DNA should be present while after a CHM only paternal DNA will be noted. A triploid

karyotype is indicative of a previous PHM. The absence of paternal DNA in the tumour is
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characteristic of non-gestational tumours (Arima et al., 1995).

Until recently the clinical history, clinical presentation and histological features were used
to categorize choriocarcinoma as gestational or non-gestational (Cankovic et al., 2006).
However, these findings do not always enable the correct classification. Microsatellite (short
tandem repeat [STR]) profiling can be used in genotyping choriocarcinomas to distinguish
non-gestational from gestational tumours and to identify the causative pregnancy of
gestational choriocarcinoma so that the correct treatment can be implemented (Cankovic
et al., 2006; Fisher et al,, 2007). STR markers are polymorphic DNA loci that contain a
repeated nucleotide sequence. The STR repeat unit can be from two to seven nucleotides
in length. The number of nucleotides per repeat unit is the same for a majority of repeats
within an STR locus. The number of repeat units at an STR locus may differ, so alleles of
many different lengths are possible. These STR markers are unique to an individual and are
stably inherited. They are routinely used for forensic human identification and paternity
testing (Cankovic et al., 2006).

Although choriocarcinomas are extremely aggressive malignant tumours, gestational
choriocarcinomas respond well to chemotherapy and the overall cure rate is more than 90%
in cases where the appropriate treatment is given (Kaur and Sebire, 2018).

1.1.4 Placental site trophoblastic tumour

PSTT is a rare tumour arising from implantation site intermediate trophoblast (Shih and
Kurman, 2001; Santoro et al., 2017). It was originally described in 1976 under the name
trophoblastic pseudotumour (Kurman et al, 1976). It usually occurs in women of
reproductive age and most patients present with amenorrhoea or abnormal bleeding. The
majority of cases are associated with a preceding normal pregnancy or a miscarriage and
B-hCG levels are usually low (Shih and Kurman, 2001; Zhao et al., 2016). The average time
between the preceding pregnancy and the development of the PSTT is between 18 and 36
months (Sebire and Lindsay, 2010).

Macroscopically PSTT can present as a poorly circumscribed mass or a well circumscribed
nodule in the myometrium which may protrude into the endometrial cavity (Cheung, 2003).
Microscopically they are composed of mononuclear trophoblastic cells with variable nuclear
atypia interspersed by occasional multinucleate cells. The cells can be polygonal, round or

spindle-shaped with an invasive growth pattern. There is usually prominent extracellular
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eosinophilic fibrinoid material present between the tumour cells (Shih and Kurman, 2001;
Sebire and Lindsay, 2010; Horowitz et al., 2017). The ki67 index varies between 10 and
20% (Santoro et al., 2017). PSTT is positive for cytokeratin, inhibin-a, human placental
lactogen (hPL) and Mel-CAM (CD146) but is usually negative or only focally positive for -
hCG (Shih and Kurman, 2001).

The differential diagnosis includes other forms of GTD and non-trophoblastic tumours such
as epithelioid smooth muscle tumours, poorly differentiated carcinomas and melanomas
(Shih and Kurman, 2001). Shih and Kurman (2001) used a panel of markers including
cytokeratin 18, HLA-G, hPL, hCG, p63 and Ki67 to distinguish between PSTT, ETT,
choriocarcinoma, exaggerated placental site and placental site nodule. Cytokeratin 18 and
HLA-G are used to confirm the trophoblastic nature of the tumour. This is then followed by
stains for hPL, p63, hCG and ki67. If the p63 is positive in the cytotrophoblast and the hCG
is positive in syncytiotrophoblast then a diagnosis of choriocarcinoma can be made. If the
p63 is diffusely positive and the hPL is only focally positive, then the lesion is either an ETT
or a placental site nodule. A Ki67 of more than 10% is compatible with an ETT while a Ki67
of less than 10% is indicative of a placental site nodule. If the p63 is negative and the hPL
is diffusely positive, then the lesion is either a PSTT or an exaggerated placental site. A Ki67
of more than 1% confirms a diagnosis of PSTT while a Ki67 of less than 1% confirms a
diagnosis of exaggerated placental site (Shih and Kurman, 2004). Smooth muscle tumours
will be positive for actin, desmin and h-caldesmon and lack the fibrinoid material seen in
PSTT. Carcinomas will be negative for hPL and inhibin-a while melanomas will be positive
for S100, HMB45 and melan-A (Shih and Kurman, 2001).

Between 15 and 20% of PSTTs develop either local recurrence or metastasis (Sebire and
Lindsay, 2010). Poor prognostic factors include metastatic disease and an interval of more
than four years between the preceding pregnancy and the development of the tumour
(Hassadia et al., 2005). Patients age of more than 35 years, deep myometrial invasion,
tumours with high grade histological features and high B-hCG levels have also been

proposed as poor prognostic factors (Santoro et al., 2017).
1.1.5 Epithelioid trophoblastic tumour
The term ETT was originally suggested by Shih and Kurman in 1998 (Shih and Kurman,

1998). This tumour arises from chorionic-type intermediate trophoblast and occurs mainly

in women of reproductive age (Shih and Kurman, 2001). In the majority of cases it follows
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a previous term pregnancy but can also occur following a miscarriage or molar pregnancy
(Horowitz et al., 2017). The ETT may arise up to 18 years after the antecedent pregnancy.
Most patients present with vaginal bleeding and a raised B-hCG although the B-hCG levels

are much lower than those found in cases of choriocarcinoma (Shih and Kurman, 2001).

ETT presents as a nodule in the uterine wall, lower segment or endocervix and can measure
up to 5 cm in diameter. Microscopically they are composed of relatively monomorphic
intermediate trophoblastic cells arranged in nests, cords and solid sheets with intervening
hyaline-like matrix and necrosis. The number of mitoses ranges from 0 to 9 per 10 high
power fields and the Ki67 index ranges from 10 to 25% (Shih and Kurman, 1998; Shih and
Kurman, 2001). ETT shows diffuse positivity for inhibin-a, cytokeratin and placental alkaline
phosphatase (PLAP) and weak focal staining for hCG and hPL (Sebire and Lindsay, 2010).

ETT must be distinguished from cervical squamous cell carcinoma as the hyaline-like matrix
may be misdiagnosed as keratin. A lack of intercellular bridges and the presence of
decidualised stroma favour a diagnosis of ETT. Immunohistochemical stains for cytokeratin
18 and inhibin-a can be helpful as ETT is positive for both markers while cervical squamous
cell carcinoma is negative (Shih and Kurman, 2001, Allison et a/., 2006). In addition, it can
be confused with other forms of GTD including placental site nodule, PSTT and

choriocarcinoma.

The prognosis of ETT is similar to that of PSTT. Poor prognostic factors include extrauterine
disease and an interval of more than four years between the antecedent pregnancy and

the development of the tumour (Davis et al., 2015).

1.1.6 Exaggerated placental site

Exaggerated placental site was originally termed syncytial endometritis and consists of
extensive infiltration of the myometrium by implantation site intermediate trophoblast. The
cut off between a normal placental site and an exaggerated placental site is not clearly
defined. It can occur with a normal pregnancy, abortion or hydatidiform mole (Cheung,
2003; Sebire and Lindsay, 2010).

Microscopically it consists of extensive infiltration of the endometrium and myometrium by
single cells and small groups of intermediate trophoblast. However, the placental bed

architecture is maintained. There is no necrosis and the Ki67 index is less than 1% (Shih
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and Kurman, 2001). Exaggerated placental site is non-neoplastic and is important to

recognise as it can be confused with PSTT (Shih and Kurman, 2001).

1.1.7 Placental site nodule and plaque

Placental site nodules are usually incidental findings in women of reproductive age in
endometrial and cervix biopsies as well as hysterectomy specimens. They can occur in the

endometrium, endocervix and even in the fallopian tube (Shih and Kurman, 2001).

Placental site nodules present as a well-circumscribed nodule composed of mononuclear
intermediate trophoblastic cells in a hyaline-like or fibrinoid matrix. No infiltration of the
endometrium, myometrium or blood vessels is present (Shih et al, 1999).
Immunohistochemical stains for cytokeratin, inhibin-a and PLAP are positive and the Ki67
index is less than 5% (Sebire and Lindsay, 2010).

These lesions are non-neoplastic but are important as they may be misdiagnosed as a PSTT,
ETT or cervical squamous cell carcinoma (Shih and Kurman, 2001).

1.1.8 GTD and human immunodeficiency virus infection

Limited data are available with regards to the effect of human immunodeficiency virus (HIV)
status on the outcome of GTD. In 1992, Ojwang et a/. published three cases of gestational
trophoblastic disease in HIV positive patients with an aggressive clinical course and they
proposed that HIV infection be regarded as a poor prognostic risk factor (Ojwang et al.,
1992). These cases together with seven additional case reports are listed in Table 1.1.

Table 1.1: Published case reports of GTD in patients with HIV

Age Type of GTD CD4 count Outcome

Ojwang et al, 24years Choriocarcinoma  Unknown Responding to treatment
1992 35 years Choriocarcinoma  Unknown  Lost to follow up after 9 months

26 years  Choriocarcinoma  Unknown Lost to follow up after 1 month
Tangtrakul et 24 years Choriocarcinoma 404 Complete remission
al., 1998
Moodley and 20 years Choriocarcinoma 799 Complete remission
Moodley, 2001
Ashley, 2002 26 years  Choriocarcinoma 173 Died
Moodley and 24 years Persistent molar 156 Complete remission
Moodley, preghancy
2003b
Moodley, 2007 27 years PSTT 238 Complete remission
Barnardt and 33 years Choriocarcinoma 290 Died

Relling, 2015 20 years  Choriocarcinoma 200 Died
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In 2003, Moodley and Moodley performed a retrospective analysis of 41 patients with
choriocarcinoma of which 12 were HIV positive. They found that none of the HIV infected
patients who received chemotherapy died due to the choriocarcinoma while two patients
who did not receive chemotherapy due to low CD4 counts both died. They proposed that
HIV infected patients with a CD4 count of >200 cells/ul should receive standard treatment
(Moodley et al., 2003c).

A second series of 78 patients with GTD of which 23 had choriocarcinoma was published in
2009. Twenty four of the 78 patients were HIV positive, of which eight had a CD4 count of
<200 cells/ul and seven died. They suggested that HIV positivity with a low CD4 count
should be included as a poor prognostic factor in patients with GTD (Moodley et a/., 2009).

In 2011, a series of 76 patients was published of which 14 were HIV positive. Forty-four of
the patients had a hydatidiform mole and 21 had choriocarcinomas. Of the 13 patients who
died due to GTD, five were HIV positive. The overall five-year survival for HIV positive
patients was 64,3% versus 85% for the HIV negative and HIV unknown groups. This was
not statistically significant (p=0.141) (Tayib et a/., 2011).

A recent article reviewing 63 patients with trophoblastic disease found that HIV positive
patients presented at a higher stage than HIV negative patients (p=0.023). However, all
the HIV positive patients had a CD4 count of >200 cells/ul and there was no significant
difference in the survival (Makhathini et a/., 2019).

1.1.9 Staging, stratification and treatment of patients with GTD

Hydatidiform moles produce B-hCG and this can be used in the management of the disorder.
Following the diagnosis of a molar pregnancy a suction curettage is the initial treatment of
choice in most cases. After this, the patient’s -hCG level should be monitored and a plateau
or rising level is indicative of malignant change termed persistent gestational trophoblastic
disease (Seckl et al,, 2010). All patients with persistent GTD and choriocarcinoma should
be staged using the International Federation of Gynaecology and Obstetrics (FIGO)/WHO
scoring system (Ngan et al., 2012; Seckl et al., 2013). This system predicts the possibility
for the development of resistance to single agent chemotherapy using either methotrexate
or actinomycin D. A score of 0-6 is indicative of low risk disease while a score of >7 is
indicative of high risk disease (cf. Table 1.2). In cases of low risk disease single agent
chemotherapy is the treatment of choice while in cases of high-risk disease multi-agent

chemotherapy regimens are required (Seckl et a/., 2013).
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Table 1.2: FIGO/WHO scoring system based on prognostic factors

FIGO/WHO risk factor scoring with FIGO

. (1]
staging

Age <40 >40 - -

Antecedent pregnancy Mole  Abortion Term

Interval from index pregnancy, months <4 4-6 7-12 >12

Pretreatment hCG/mL <10° >103-10* >10%10° >10°

Largest tumour size including uterus, cm - 3-4 >5 -

Site of metastases identified Lung Skpleen, Gastrointestinal B_r an,

idney tract liver

Number of metastases identified - 1-4 5-8 >8
Two or

Previous failed chemotherapy - - Single drug more
drugs

The risk of relapse after chemotherapy is approximately 3% and is highest in the first year
of follow-up. Patients should use a contraceptive to avoid falling pregnant for at least one
year after treatment (Seckl et al., 2013). After B-hCG levels have returned to normal, the
serum B-hCG levels should be monitored monthly until the levels have remained normal for

one year (Snyman, 2009).

The FIGO/WHO scoring system does not apply to ETT and PSTT. These tumours are staged
as follows: Stage 1, disease confined to the uterus; Stage 2, extends into the pelvis;
Stage 3, spread to the lungs and/or vagina; Stage 4, all other metastatic sites including
liver, kidney, spleen and brain (Seckl et a/.,, 2013). Patients with ETT and PSTT are treated
primarily with surgery and undergo a hysterectomy and lymph node dissection. Adjuvant
chemotherapy is given in cases with metastatic disease as well as in those with adverse risk
factors such as a mitotic rate of more than six per 10 high power fields, a time period of
more than 2 years from the previous pregnancy, tumour necrosis, deep myometrial invasion

or inadequate resection margins (Goldstein and Berkowitz, 2012).
1.2 RATIONALE BEHIND THE STUDY

CHM has a 15-20% risk of developing persistent GTD while PHM has a 0,2%-4% chance.
Incorrect diagnosis can result in under estimation of the risk of persistent GTD and improper
clinical management and follow up. In addition, although choriocarcinomas are extremely
aggressive malignant tumours, gestational choriocarcinomas respond well to chemotherapy
with an overall cure rate of more than 90% in cases where the correct treatment is given.
Identification of possible cases with rapid, accurate pathological diagnosis is therefore
important and this is aided by a high index of suspicion. Very little data are available
regarding GTD in South Africa. Moodley, together with various co-workers, has published a

number of articles on GTD in KwaZulu-Natal concentrating predominantly on hydatidiform
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moles and choriocarcinomas but has also described three cases of PSTT. In two separate
studies the incidence of hydatidiform mole was found to be 1.2/1000 deliveries and
1.16/1000 deliveries, while that of choriocarcinoma was 0.5/1000 deliveries and 1.07/1000
deliveries. Isolated articles are available from the Western Cape Province and Limpopo
Province, but there are no data from the Free State Province, therefore the incidence in the
Free State Province is unknown. Accurate data will allow for better planning and allocation

of health care resources.

The presence of HIV infection with a CD4 count of less than 200 cells/pl has been postulated
to be a poor prognostic factor in patients with GTD. However, additional evidence is required
for confirmation. HIV status has also been found to have a statistically significant influence
on FIGO staging. The number of people living with HIV in sub-Saharan Africa is increasing
and in South Africa one fifth of women between the ages of 15 and 49 years are HIV
positive. The Free State Province has the second highest HIV prevalence in South Africa
after KwaZulu-Natal and 25.5% of adults between the ages of 15 and 49 years are HIV
positive. It is therefore important to confirm that HIV with a low CD4 count is a poor
prognostic factor as this will affect patient management.

In recent years, progress has been made in understanding the genetics of underlying GTD.
In 1999 the NLRP7 gene was first identified which was linked to cases of familial recurrent
hydatidiform mole. This was followed by the identification of KHDC3L in 2011 and PADI6 in
2018. Since then over 60 pathogenic NLRP7 variants and six pathogenic KHDC3L variants
have been identified. Although variants have been described in patients from North Africa,
there are no documented cases from Southern Africa. Patients with pathogenic variants in
these genes present with recurrent hydatidiform moles and most require assisted
reproductive technology and oocyte donation. Therefore, these patients need to be
identified so that they can be sent for counseling and treatment.

Another development in the genetics of GTD is molecular genotyping, which has been used
to more accurately classify hydatidiform moles into partial and complete moles and has also
been used to classify choriocarcinomas as gestational or non-gestational. This has
implications for treatment and prognosis as they require different chemotherapy regimes
and non-gestational tumours have a poorer prognosis. Although the technique is available
in South Africa and is currently used for paternity testing, it has not yet been applied to
cases of GTD. The data on GTD in South African patients is therefore severely lacking and
additional data is required to assist with and improve patient care.
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1.3 AIMS AND OBJECTIVES

Aim 1: To evaluate the demographic characteristics of patients with GTD in the public sector

of the Free State Province over a 10-year period from January 2006 to December 2015.

Objectives:

i. To determine the number and patient demographics of all cases of GTD from the public
sector of the Free State Province as referred to the Department of Anatomical
Pathology, Universitas Academic Laboratories, National Health Laboratory Service
(NHLS).

ii. To ascertain whether an HIV positive status is a poor prognostic factor in patients with
GTD. This will be performed by evaluating all patients referred to the Department of
Oncology, National District Hospital during the study period. Demographic data,
treatment regime, follow up data, cause of death and HIV status will be assessed.

Aim 2: To evaluate the genetic aetiology of patients with hydatidiform mole and
choriocarcinoma in the public sector of the Free State Province.

Obijectives:

i. To determine the presence of NLRP7 and KHDCS3L variants in patients in the public
sector of the Free State Province, as referred to the Department of Anatomical
Pathology, with hydatidiform mole and recurrent reproductive wastage.

ii. To ascertain whether choriocarcinomas can be identified as gestational or non-
gestational using a polymerase chain reaction (PCR) based microsatellite DNA assay.

iii. To ascertain whether the cases of gestational choriocarcinoma are a result of molar or

non-molar pregnancies using a PCR based microsatellite DNA assay.

1.4 STRUCTURE OF THE THESIS

This thesis is presented as a series of research articles which will be submitted for

publication in various scientific journals.

The first article presented in Chapter 2, provides an overview of the demographic features

of GTD in the public sector of the Free State Province, South Africa. In Chapter 3, the effect
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of HIV infection on patients with GTD is evaluated to determine whether HIV should be

used as an adverse prognostic indicator.

Chapters 4 and 5 investigate the genetic aetiology of GTD. Chapter 4 specifically evaluates
the presence of variants in the NLRP7 and KHDC3L genes in cases of hydatidiform mole
with associated episodes of reproductive wastage while in Chapter 5, microsatellite analysis
is performed on cases of choriocarcinoma to determine whether they are gestational or
non-gestational in origin. Finally, in Chapter 6, the overall conclusions of the study and

future perspectives for further research are provided.



CHAPTER 2

ARTICLE 1: DEMOGRAPHIC FEATURES OF PATIENTS WITH GESTATIONAL
TROPHOBLASTIC DISEASE IN THE PUBLIC SECTOR OF THE FREE STATE
PROVINCE, SOUTH AFRICA: A 10-YEAR REVIEW

The article was prepared according to the journal submission guidelines for the

International Journal of Gynaecological Cancer (cf. Appendix F).
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Abstract

Introduction: Although there are a number of studies on gestational trophoblastic disease
(GTD) from Nigeria, there are relatively few studies from the rest of the African continent.
The aim of this study was therefore to determine the demographic features of patients seen
at public sector hospitals in the Free State Province of South Africa.

Methods: A retrospective review was performed of all cases of GTD diagnosed by the
Department of Anatomical Pathology, University of the Free State and National Health
Laboratory Service between 1 January 2006 and 31 December 2015.

Results: There were a total of 226 cases of GTD with 200 hydatidiform moles (88.5%) and
26 choriocarcinomas (11.5%). No placental site trophoblastic tumours or epithelioid
trophoblastic tumours were diagnosed in the study period. The incidence of hydatidiform
mole and choriocarcinoma was 0.4/1000 deliveries and 0.05/1000 deliveries respectively.
The mean age of patients with GTD was 27.7 years (SD 9.2 years). The majority of patients
were Black females (91%) which is in keeping with the demographic profile of the Free
State Province. The majority (53.8%) of cases were submitted with a clinical diagnosis of
molar pregnancy while 24.1% presented with vaginal bleeding. Ninety nine percent of
hydatidiform moles and 53.5% of choriocarcinomas were located in the uterine corpus,
whereas four cases (15.4%) of choriocarcinoma presented with metastatic disease.
Discussion: This study showed a similar age range and clinical presentation to that
reported in the local international literature. However, the incidence of both hydatidiform
mole and choriocarcinoma is much lower than that found in most studies both in Africa and
internationally. This may partly be due to a lack of clinical suspicion and under submission

of products of conception for histological confirmation.
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INTRODUCTION

Gestational trophoblastic disease (GTD) encompasses a group of disorders arising from
placental villous trophoblast and includes hydatidiform mole, choriocarcinoma, placental
site trophoblastic tumour and epithelioid trophoblastic tumour. Hydatidiform moles are
further sub-classified as partial, complete or invasive (Kurman et al., 2014).

The incidence of hydatidiform mole varies and is much higher in South East Asia than
in North America, Europe and Australia (Bracken, 1987; Steigrad, 2003). A similar
distribution is noted for choriocarcinoma (Altieri et al., 2003; Steigrad, 2003). A higher
incidence has also been seen in Hispanics, Eskimos and American Indians, although whether
this is due to genetic factors, socioeconomic factors or differences in reporting is uncertain
(Smith, 2003). Conflicting evidence has been published when comparing the rates of
hydatidiform mole in Black and Caucasian women in the United States of America (Palmer,
1994; Steigrad, 2003). In the United Kingdom the incidence of complete mole is one per
1000 pregnancies while that of partial mole is 3 per 1000 pregnancies and choriocarcinomas
occur in approximately one in 50 000 pregnancies. Placental site trophoblastic tumour and
epithelioid trophoblastic tumour are much rarer and make up 0.2% of cases of GTD in the
United Kingdom (Seckl et a/., 2010; Froeling and Seckl, 2014).

Risk factors for the development of hydatidiform mole include maternal age and a
previous molar pregnancy. Although most hydatidiform moles occur in women in their 20’s
and 30’s as this is the age at which most pregnancies occur, teenagers and women over 35
years of age have a higher risk. Girls under 16 years of age have a 6 times greater risk than
women between the ages of 16 and 40 while women over 40 years of age have a five times
greater risk. A third of pregnancies in women over 50 are hydatidiform moles (Steigrad,
2003; Sebire and Seckl, 2008; Hoffner and Surti, 2012). Boufettal et a/. (2011) found that
the risk in Moroccan woman was 6.8 times higher in woman under 20 years of age and 15
times higher in those over 40 years of age. However, some studies have shown that
maternal age seems to play a greater role in complete hydatidiform moles than in partial
hydatidiform moles (Sebire et al, 2002). The risk of a woman with a previous molar
pregnancy is up to 40 times that of the rest of the population (Steigrad, 2003).

Risk factors for choriocarcinoma include a history of hydatidiform mole and maternal
age (Palmer, 1994). Women with a history of a previous molar pregnancy have a 1000 to
2000 times greater risk of developing choriocarcinoma (Palmer, 1994; Altieri et al., 2003)
and as with molar pregnancies older women also have an increased risk (Lurain, 2010).

Although there are numerous studies on GTD from Nigeria, studies from the rest of
Africa are lacking (Agboola, 1979; Agboola and Abudu, 1984; Egwuatu and Ozumba, 1989;
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Osamor et al., 2002; Kyari et al., 2004; Mayun, 2008; Audu et al., 2009; Mbarara et al.,
2009; Mayun et al,, 2012; Mbarara et al., 2012; Yakasai et al., 2013; Kolawole et a/., 2016).
In this paper, we analyzed the demographic features of patients seen at public sector
hospitals in the Free State Province of South Africa between 2006 and 2015.

METHODS

A retrospective study was conducted. A search of the laboratory information system of
the Department of Anatomical Pathology, University of the Free State (UFS) and National
Health Laboratory Service, Bloemfontein, South Africa was performed for all cases of GTD
diagnosed between 1 January 2006 and 31 December 2015. The department provides
histology services to all the public sector hospitals and clinics in the Free State Province of
South Africa. Cases that were occasionally received from other provinces were excluded
from the study. The age, race, type of GTD, topography, -human chorionic gonadotropin
(B-hCG) level and clinical presentation noted by the submitting clinicians were obtained
from the pathology reports.

Approval to perform the study was granted by the Health Sciences Research Ethics
Committee of the UFS (HSREC81/2017). Statistical analysis was performed by the
Department of Biostatistics, UFS. Results were expressed as frequencies and percentages.
The chi-squared test was used to determine whether differences between groups were

statistically significant (p < 0.05).

RESULTS

A total of 226 cases of GTD were received in the 10-year study period including 200
hydatidiform moles (88.5%) and 26 choricarcinomas (11.5%). No placental site
trophoblastic tumours or epithelioid trophoblastic tumours were diagnosed. Of the
hydatidiform moles, 32 (16%) were partial moles, 166 (83%) were complete moles and
two (1%) were invasive moles. As a total of 491 164 deliveries were recorded for the region
during this time, the incidence of molar pregnancy and choriocarcinoma was 0.4/1000
deliveries and 0.05/1000 deliveries respectively.

The mean age of patients with GTD was 27.7 years (SD 9.2 years). The median age of
patients with hydatidiform mole was 24 years with an age range of 15 to 57 years. The
median age of patients with choriocarcinoma was 30 years with an age range of 14 to 59

years (p = 0.006). There were 51 patients (25.5%) aged 20 years or younger with
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hydatidiform mole, 113 patients (56.5%) between the ages of 21 and 34 and 36 patients
(18%) 35 years of age and older. With regards to choriocarcinoma, two patients (7.7%)
were 20 years of age or younger, 13 (50%) were between the ages of 21 and 34 years and
11 (42.3%) were 35 years of age or older. Of a total of 208, 190 self-identified themselves
as Black. In addition, there were 10 Coloured patients, five Caucasian patients, two Asian
patients and one Indian patient.

B-hCG levels were available for 104 patients with hydatidiform mole and 19 patients
with choriocarcinoma (Table 1). Nineteen patients (18.3%) with hydatidiform mole and five
patients (26.3%) with choriocarcinoma had B-hCG values of more than 500 000 IU/I.

Table 1. B-hCG levels in patients with hydatidiform mole and choriocarcinoma

B-hCG (IU/I) Molar preghancy Choriocarcinoma
<100 000 32 (30.8%) 4 (21.1%)
100 000 — 500 000 53 (50.9%) 10 (52.6%)
>500 000 19 (18.3%) 5 (26.3%)
Total number of cases 104 19

The frequency of presenting symptoms is illustrated in Table 2. In 212 cases, the clinical
presentation was noted on the request form. Of these 113 (53.3%) were submitted with a
clinical diagnosis of hydatidiform mole while 52 cases (24.5%) presented with vaginal

bleeding.

Table 2. Clinical presentation

Presentation according to

Molar Pregnancy Choriocarcinoma

pathology request form
Features of molar pregnancy 113 (59.7%) 0
Vaginal bleeding 39 (20.6%) 13 (56.5%)
Miscarriage 18 (9.5%) 3 (13%)
Ectopic pregnancy 2 (1.1%) 3 (13%)
Abdominal pain 3 (1.6%) 0
Amenorrhoea 2 (1.1%) 0
Very high B-hCG 4 (2.1%) 0
Raised B-hCG after a previous molar 1 (0.5%) 1 (4.4%)
pregnancy
Preeclampsia 2 (1.1%) 0
Twin preghancy 2 (1.1%) 0
Hyperthyroidism 2 (1.1%) 0
Myomatous uterus 1 (0.5%) 0
Dyspnoea and coughing 0 1 (4.4%)
Haemoptysis 0 1 (4.4%)
Nodules on small bowel 0 1 (4.4%)
Total number of cases 189 23

One hundred and ninety-eight (99%) of the 200 molar pregnancies were located in the

uterine corpus while two (1%) occurred in the fallopian tube. With regards to the
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choriocarcinomas, 14 (53.8%) of the 26 cases were located in the uterine corpus, four
(15.4%) in the cervix and vagina and four (15.4%) in the fallopian tube. In addition, two

(7.7%) presented with lung metastases and two (7.7%) with metastases to the bowel.

DISCUSSION

The incidence of hydatidiform mole in this study is much lower than that found in most
studies from Africa (cf. Table 3). Only one study from Nigeria had a similar incidence of
hydatidiform mole with 0.8 per 1000 deliveries (Egwuatu and Ozumba, 1989) while the
remainder had incidences varying between 1.03 and 6 per 1000 deliveries. The incidence
of hydatidiform mole is also lower than that seen in most of the international literature
(Smith, 2003; Hoffner and Surti, 2012). The number of partial moles in this study was 16%
that is similar to the 12% seen by Moodley and Marishane (2005) and 12.2% seen by
Kolawole et al. (2016). However, other studies from Africa had a much higher number of
partial moles in relation to complete moles with 87%, 49.5%, 47% and 71.8% in Tanzania
and Nigeria (Osamor et al., 2002; Mayun, 2008; Audu et a/., 2009; Kitange et al., 2015).
The lower incidence and number of partial moles in this study may partly be due to under
submission of cases by clinicians as only products of conception with suspected
abnormalities are submitted to our laboratory for evaluation and early complete moles as

well as partial moles may be missed clinically.

Table 3. The incidence of hydatidiform mole in African countries

No of cases of Study Ratio per
Province hydatidiform ) 1000 References
period .
mole [ NENES
South African Provinces
KwaZulu-Natal 78 1994-2000 1.2 Moodley et a/., 2003
Kwazulu-Natal 50 1998-2002 1.16 Moodley and Moodley,
Limpopo 84 2008-2011 Van Bogaert, 2013
Free State 200 2006- 2015 0.4 This study, 2020
Uganda
181 1967-1970 1.03 Leighton et al., 1973
94
(complete 1995-1998 3.42 Kaye, 2002
moles only)
Tanzania
23 2013 Kitange et al., 2015
Nigeria

29 1974-1977 2.6 Agboola, 1979

26 1980-1981 5.4 Agboola and Abudu, 1984

41 1976-1985 0.8 Egwuatu and Ozumba,

1989
208 1966-1996 Osamor et al., 2002
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No of cases of Study Ratio per
Province hydatidiform . 1000 References
period .
mole deliveries
34 2000-2005 6.0 Mayun, 2008
71 1996-2005 3.8 Audu et al,, 2009
5 2004-2008 1.6 Mbarara et al., 2012
18 2008-2012 2.2 Kolawole et al., 2016
Morocco
254
(complete 2000- 2009 4.3 Boufettal et a/., 2011
moles only)

The incidence of choriocarcinoma of 0.05 per 1000 deliveries was also very low when
compared to other studies from Africa although Moodley et a/. (2003) reported an incidence
of 0.5 cases per 1000 deliveries and Leighton et a/. (1973) reported an incidence of 0.3 per
1000 deliveries (cf. Table 4). Studies from Mexico and Puerto Rico had incidences of 0.3
per 1000 deliveries while other international studies had incidences of between 0.6 and
20.2 per 1000 deliveries (Smith, 2003).

Table 4. The incidence of choriocarcinoma in African countries

Ratio per
Province o o g cases = Stu_dy 1000 References
choriocarcinoma period ..
deliveries
South African Provinces
Western Cape 24 1968-1977 Davey and Fray, 1979
KwaZulu-Natal 34 1994-2000 0.5 Moodley et al., 2003
KwaZulu-Natal 46 1998-2002 1.07 Moodley et al., 2005
Limpopo 31 2008-2011 Van Bogaert, 2013
Free State 26 2006- 2015 0.05 This study, 2020
Uganda
52 1967-1970 0.3 Leighton et a/,, 1973
Nigeria
16 1980-1981 3.3 Agboola and Abudu, 1984
16 1991-2000 Kyari et al., 2004
10 2004-2008 3.1 Mbarara et al., 2009
43 1994-2003 1.0 Mayun et al.,, 2012
23 2008-2011 Yakasai et al,, 2013
41 2008-2012 5.0 Kolawole et a/., 2016

No placental site trophoblastic tumours or epithelioid trophoblastic tumours were
diagnosed in the study period confirming the rare nature of these tumours. The patients’
ages in this study correlated with findings from other studies in Africa as well as with the
international literature. Ninety one percent of patients were Black, which is in keeping with
the findings of the 2011 Census in which 87.6% of the population in the Free State Province
were Black. Only 2.2% of the study population were Caucasian, which is lower than the

8.7% identified in the 2011 Census (SSA, 2011). However, this may partly be due to the
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fact that many Caucasian patients attend private health care facilities. This finding was also

noted by Moodley and Marishane (2005) in their study in KwaZulu-Natal.

In contrast to the findings of a study by Moodley et a/. (2003) in which 40% of cases
had B-hCG levels of less than 100 000 IU/I only 29.3% of cases in our study had levels
under 100 000 IU/I while 51.2% of cases had B-hCG levels of between 100 000 and 500 000
IU/I.

In the past many patients with hydatidiform mole presented with symptoms such as
hyperthyroidism, hyperemesis, anaemia, pre-eclampsia and respiratory distress. However,
nowadays most patients present with vaginal bleeding in early pregnancy and the diagnosis
is made on antenatal sonar (Seckl et al, 2010; Froeling and Seckl, 2014). In 53.3% of
cases, the submitting diagnosis was that of hydatidiform mole diagnosed on clinical and
sonographic features. The second most common mode of presentation was vaginal bleeding
(24.5%). Only two patients presented with pre-eclampsia and two with hyperthyroidism.
The diagnosis of choriocarcinoma is more difficult and patients can present with vaginal
bleeding or with metastatic disease as seen in this study in which two cases presented with
lung metastases and two with metastases to the bowel (Froeling and Seckl, 2014). As
expected, the majority of cases involved the uterus with only two hydatidiform moles and
four choriocarcinomas located in the fallopian tube.

In conclusion, the age and clinical presentation of patients with GTD using state health
care facilities in the Free State Province of South Africa is similar to that reported in the
literature. However, the incidence of both molar pregnancy and choriocarcinoma is very
low. This may partly be due to under diagnosis with a lack of suspicion among clinicians as
well as under submission of products of conception for histopathological evaluation and

confirmation of GTD. Further research is required for confirmation.
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Abstract

Introduction: Gestational trophoblastic disease (GTD) encompasses a group of disorders
of placental villous trophoblast. A previous study suggested that human immunodeficiency
virus (HIV) infection with a CD4 count of <200 cells/pl should be regarded as a poor
prognostic factor in patients with GTD. The aim of this study was to describe our data on
HIV status and GTD to try to confirm whether this is indeed the case.

Methods: A retrospective cohort study was performed. All patients treated for GTD at the
Department of Oncology, National District Hospital, Bloemfontein, South Africa between
January 2006 and December 2015 were included in the study.

Results: Thirty-three patients with a median age of 26 years were treated in the study
period. Seventeen (51.5%) were diagnosed with choriocarcinoma and 16 (48.5%) with
hydatidiform mole. Twenty patients (60.6%) were HIV negative and 13 (39.4%) were HIV
positive. Three of the HIV positive patients had a CD4 count of less than 200 cells/pl. All
the HIV positive patients received chemotherapy including those with a CD4 count of less
than 200 cells/pl. The HIV negative patients and HIV positive patients with a CD4 count of
more than 200 cells/pl had a similar outcome with 88.2% and 75.0% of patients being
alive, nine months after diagnosis. In contrast, although the numbers are small the HIV
positive patients with a CD4 count of less than 200 cells/ul had a significantly poorer
outcome with only 33.3% alive at nine months (p = 0.03).

Discussion: Our findings therefore support the hypothesis that a low CD4 count should be
regarded as a poor prognostic marker. In addition, HIV positive patients are also more likely

to have metastatic disease.
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INTRODUCTION

From 2017 to 2019 the human immunodeficiency virus (HIV) infection burden in sub-
Saharan Africa rose from an estimated 64% to 67.5% of the global burden and the number
of cases in Eastern and Southern Africa increased from 19.4 million to 20.6 million
(Barnardt, 2019; UNAIDS, 2019). According to Statistics South Africa (SSA), the estimated
overall prevalence rate of HIV infection in the South African population is 13.5%.
Approximately one fifth of women between the ages of 15 and 49 years are HIV positive
and there are approximately 7.97 million people living with HIV in South Africa (SSA, 2019).
The Fifth South African National HIV Prevalence, Incidence, Behaviour and Communication
Survey conducted by the Human Sciences Research Council, determined that 25.5% of
adults between the ages of 15 and 49 years living in the Free State Province are HIV
positive. The Free State Province has the second highest prevalence after KwaZulu-Natal
(HSRC, 2017).

In 1992, a series of three cases of gestational trophoblastic neoplasia in HIV positive
patients with an aggressive clinical course were published and it was proposed that HIV
infection should be regarded as a poor prognostic indicator (Ojwang et al., 1992). Since
then there have been a handful of retrospective studies evaluating gestational trophoblastic
disease (GTD) and the effect of HIV infection. Moodley et a/. (2003a) published a series of
41 patients with choriocarcinoma of which 12 (29.3%) were HIV positive and they
recommended that patients with a CD4 count of >200 cells/ul should receive standard
treatment. In a second series, Moodley et al. (2009), evaluated 78 patients with GTD and
concluded that HIV positivity with a low CD4 count should be included as a poor prognostic
factor. Another series in 2011 reviewed 76 patients of which 14 (18.4%) were HIV positive.
The five-year survival of the HIV positive group was 64.3% compared to 85.7% in the HIV
negative group (p = 0.141). The authors noted that HIV positivity and poor treatment
compliance were associated with a worse outcome (Tayib et a/., 2011). In a recent study
by Makhathini et a/. (2019), 29% of the patients were HIV positive but all had a CD4 count
of more than 200 cells/pl. They did not find a statistically significant difference in survival
between HIV positive and HIV negative patients, although the HIV positive patients
presented at a later stage.

In light of these findings and the high HIV burden in our population we performed a

retrospective review to describe our data regarding GTD and HIV status.
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MATERIALS AND METHODS

A retrospective cohort study was conducted at National District Hospital and Universitas
Academic Laboratories, Bloemfontein in the Free State Province of South Africa. All patients
who were referred for the management of GTD to the Department of Oncology at National
District Hospital between 1 January 2006 and 31 December 2015 were included in the
study. The Department of Oncology provides services to all public sector cancer patients in
the Free State Province. Cases were histologically confirmed by the Department of
Anatomical Pathology, Universitas Academic Laboratories, National Health Laboratory
Service (NHLS). Information was obtained from the patient files at the Department of
Oncology as well as from the pathology information system of the NHLS. The information
included age, race, type of GTD, site of involvement, presence and site of metastases, B-
human chorionic gonadotropin (B-hCG) at diagnosis, gravidity, parity, haemoglobin level at
diagnosis, thyroid functions at diagnosis, presence of a previous molar pregnancy, outcome
of disease (remission or death), risk group, time from diagnosis to death when relevant,
treatment provided, HIV status and CD4 count. Risk stratification was performed using the
FIGO/WHO scoring system with a score of six or less regarded as low risk and a score of
seven and above regarded as high risk (Ngan et al., 2012; Seckl et al., 2013)

Approval to perform the study was granted by the Health Sciences Research Ethics
Committee of the University of the Free State (HSREC81/2017). Approval was also obtained
from the NHLS and the Free State Department of Health.

The data was analysed by the Department of Biostatistics, UFS. Results were
summarised by frequencies and percentages (categorical variables), and medians and
ranges (numerical variables due to skew distributions). Ninety-five percent confidence
intervals (CIs) were presented for main outcomes. Subgroup comparisons of categorical
variables were done using chi-squared or Fisher’s exact tests in the case of sparse cells.
Product-limit survival estimates were calculated taking censoring into account, and

compared using the logrank test.

RESULTS

Thirty-three patients with GTD were seen by the Department of Oncology during the
study period, 17 (51.5%) with choriocarcinoma and 16 (48.5%) with hydatidiform mole.
The mean age was 30.6 years with a median age of 26 years and an age range of 19-56

years. The age distribution of the patients per diagnosis is depicted in Table 1.
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Table 1. Age distribution of patients
19-29 30-39 40-49 >49 years Total

CELS ears CELG
Choriocarcinoma (5813%) 4 (23.5%) 3 (17.7%) 0 (0%) 17
Hydatidiform mole 8 (50%) 5(31.2%) 2(12.5%) 1(6.3%) 16
Total 18 (54.5) 9(27.3) 5(15.2%) 1 (3%) 33

There were 30 (91%) Black patients and three (9%) Coloured patients. Of the molar
pregnancies, 14 (87.5%) were complete moles while two (12.5%) were invasive moles.
Twenty-eight cases (84.5%) were located in the uterine corpus while two (6%) occurred in
the cervix and vagina and two (6%) in the fallopian tube. One case (3%) presented with
lung metastases. Fifteen patients (45.5%) had metastatic disease and sites included lungs,
brain, liver, bone, kidney and colon.

The median gravidity was two and the median parity was one, with the maximum
number of pregnancies being seven. Two patients who were referred with a diagnosis of
choriocarcinoma had a history of a previous hydatidiform mole. Seven patients (21.9%)
had B-hCG levels of less than 100 000 IU/I, 17 (53.1%) had levels of between 100 000 and
500 000 IU/I and eight (25%) had levels of over 500 000 IU/I. Eight patients (25%) had
normal haemoglobin levels while 17 (53.1%) were anaemic and seven (21.9%) had severe
anaemia with a haemoglobin level of less than 7 g/dl. Thyroid functions were available in
16 patients of which six (37.5) were hyperthyroid and 10 (62.5%) had normal thyroid
functions.

Twenty patients (60.6%) were HIV negative while 13 (39.4%, 95% CI 22.9% to
57.9%) were HIV positive. The HIV seroprevalence in this population was therefore 39.4%.
The median CD4 count of the HIV positive patients was 350 cells/ul with a range of 78 to
1090 cells/pl. Three of the patients had a CD4 count of less than 200 cells/ul. Of the 15
patients with metastases, nine (60%) were HIV positive compared to four of the 18 patients
without metastatic disease (22.2%) (p = 0.03). Table 2 summarizes the patients'
characteristics according to HIV status.

Table 2. Patients' characteristics according to HIV status

HIV positive HIV negative Total

n=13 n=20 n=33
Histology
Complete mole 3(23.1%) 11 (55%) 14 (42.4%)
Invasive mole 1 (7.7%) 1 (5%) 2 (6.1%)
Choriocarcinoma 9 (69.2%) 8 (40%) 17 (51.5%)
Metastases
Lung 8 (61.55%) 6 (30%) 14 (42.4%)

Liver 2 (15.4%) 0 2 (6.1%)
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HIV positive HIV negative Total

n=13 n=20 n =33
Bone 2 (15.4%) 1 (5%) 3(9.1%)
Brain 3 (23.1%) 1 (5%) 4 (12.1%)
Kidney 1(7.7%) 0 1 (3%)
Colon 0 1 (5%) 1 (3%)
Risk group
Low risk 6 (46.2%) 13 (65%) 19 (57.6%)
High risk 7 (53.8%) 7 (35%) 14 (42.4%)
Treatment
Chemotherapy only 10 (76.9%) 14 (70%) 24 (72.7%)
Chemotherapy and Surgery 3(23.1%) 5 (25%) 8 (24.2%)
None 0 (0%) 1 (5%) 1(3.1%)
Status
Alive 7 (53.8%) 15 (75%) 22 (66.7%)
Demised 4 (30.8%) 2 (10%) 6 (18.2%)
Lost to follow-up 2 (15.4%) 3 (15%) 5(15.1%)

Nineteen patients (57.6%) were low risk while fourteen patients (42.4%) were high
risk of which seven were HIV positive. All six patients who were confirmed to have demised
were classified as high risk and were diagnosed with choriocarcinoma. All six patients had
metastatic disease of which five had lung metastases, three had brain metastases and one
had metastases to the liver, bone and kidneys. One patient died due to chemotherapy
induced interstitial lung disease while the remainder died due to the metastases. The patient
with chemotherapy induced interstitial lung disease was HIV negative.

Most patients (72.7%) were treated with chemotherapy only while eight (24.2%)
received both chemotherapy and surgery. All the HIV positive patients received
chemotherapy including those with a CD4 count of less than 200 cells/pl. One patient
(3.1%) refused treatment. In addition, four patients received irradiation for metastatic
disease. Of the 32 patients who had chemotherapy, five (15.2%) received only
methotrexate while the remainder received multiagent chemotherapy. Three patients
(9.4%) were treated with the EMA-CO regimen (etoposide, methotrexate, dactinomycin,
cyclophosphamide, vincristine), six (18.8%) with PEB (vincristine, methotrexate, cisplatin)
and 18 (56.3%) with methotrexate, vincristine and chlorambusil.

The patients were followed up at the Department of Oncology for between 1 and 120
months with a median of 30 months. Of the HIV negative patients, 94.1% (95% CI 82.7%
to 100.0%) were alive at six months and 88.2% (95% CI 72.6% to 100%) were alive, nine
months after diagnosis. Similarly, 87.5% (95% CI 64.1% to 100%) of the HIV positive
patients with a CD4 count of over 200 cells/ul, were alive at six months while 75.0% (95%
CI 44.4% to 100%), were alive at nine months. In contrast, only 66.7% (95% CI 12.3% to
100%) of HIV positive patients with a CD4 count of less than 200 cells/ul were alive at six
months and 33.3% (95% CI 0% to 87.7%), were alive at nine months.
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Figure 1. Product-Limit Survival Estimates for HIV positive and HIV negative patients.
The HIV positive patients are divided into those with a CD4 count of less than 200
cells/pl and those with a CD4 count of = 200 cells/pl.

The HIV positive patients with a CD4 count of less than 200 cells/ul therefore have a

significantly poorer outcome than the other two groups (p = 0.03).

DISCUSSION

In light of the high HIV burden in South Africa a significant number of patients with
GTD will be HIV positive. Thirty-three patients were included in this series of which 39.4%
were HIV positive and 60.6% were HIV negative with an HIV seroprevalence of 39.4%
(95% CI 22.9% to 57.9%). This is significantly higher than the 22.7% prevalence in females
between the ages of 15 and 49 years as determined by SSA (SSA, 2019). In contrast to
previous studies all the patients in this study had a known HIV status as this is tested
routinely when the patients are first seen by the Department of Oncology. This is in
accordance with the National Comprehensive Cancer Network (NCCN) clinical practice
guidelines (Reid et al., 2018).

The mean age of the patients was 30.6 years, which is in keeping with previous studies
from South Africa in which the mean age, ranged from 28.5 years to 31 years (Moodley
and Moodley, 2003b; Moodley et al., 2009; Van Bogaert, 2013). Ninety-one percent of
patients were Black, which is similar to the 2011 Census data in which 87.6% of the
population in the Free State Province were Black. As in a study by Moodley and Marishane

(2005), there were no Caucasian patients. This may partly be due to many Caucasian
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patients attending private health care facilities.

Seventeen (51.5%) patients had choriocarcinoma while 16 (48.5%) were diagnosed
with hydatidiform mole. This is in contrast to studies by Tayib et a/. (2011) and Moodley et
al. (2009) in which only 28% and 32% of patients had choriocarcinoma. This may partly be
due to the local policy in which uncomplicated cases of hydatidiform mole are followed up
by the Department of Obstetrics and Gynaecology and only cases requiring chemotherapy
are referred to the Department of Oncology.

Five of the 33 patients (15%) were lost to follow up despite concerted efforts to
determine whether the patients were alive or deceased which included phoning the patients
and relatives using telephone numbers provided on initial presentation and contacting the
Department of Home Affairs. Loss to follow up is a common problem in South Africa as seen
in HIV and tuberculosis treatment programs as well as in other studies. (Hirasen et al.,
2018; Ambia et al., 2019; Cubasch et al,, 2019). Badenhorst et a/. (2018) evaluated causes
of loss to follow up in patients with ankle fractures in the Northern Cape Province and found
that increased travel distance and a positive HIV status made patients more likely to miss
follow up visits. In addition, they determined that it was difficult to contact patients even
when contact details were provided as patients often changed cell phone humbers without
informing the hospital. A recent study on GTD noted that there was a high default rate in
patients travelling more than 80.5 km for medical care and 40.7% of patients in this group
were lost to follow up (p = 0.014) (Makhathini et al/.,, 2019).

Of the six patients who died, all were high risk with metastatic disease. Five patients
died due to the metastases while one demised due to drug induced interstitial lung disease
secondary to PEB. The treatment regime was changed to methotrexate, Oncovin and
chlorambusil as soon as the interstitial lung disease was diagnosed but despite this, the
patient demised nine months after initial diagnosis. Interstitial lung disease is a known
complication of a number of chemotherapeutic agents and up to 10% of patients, receiving
chemotherapy will develop a pulmonary adverse drug reaction (Limper and Rosenow,
1996). Any pattern of interstitial lung disease can occur including hypersensitivity
pneumonitis, organizing pneumonia, diffuse alveolar damage, eosinophilic pneumonia,
nonspecific interstitial pneumonia and granulomatous pneumonitis (Schwaiblmair et al.,
2012).

The HIV status was found to have a statistically significant influence on the presence
of metastatic disease in our study as 60% of patients with metastases were HIV positive
compared to 22.2% of patients without metastases (p = 0.03). The HIV negative patients

and HIV positive patients with a CD4 count of more than 200 cells/ul had a similar outcome
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with 88.2% and 75.0% of patients being alive nine months after diagnosis. In contrast,
although the numbers are small the HIV positive patients with a CD4 count of less than 200
cells/ul had a significantly poorer outcome with only 33.3% alive at nine months (p = 0.03).
This is in keeping with the findings of Moodley et a/. in which a statistically significant
increase in mortality was noted in HIV positive patients with a CD4 count of less than 200
cells/ul (Moodley et al., 2009).

In conclusion, our findings support the recommendation by Moodley et a/. (2009) that

a low CD4 count should be regarded as a poor prognostic factor.
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Abstract

NLRP7 and KHDC3L are maternal-effect genes expressed in all oocytes and preimplantation
embryos. Variants in these genes are associated with recurrent hydatidiform moles and
patients with MLRP/ variants also present with other forms of reproductive wastage. To
date more than 60 pathogenic NLRP7 variants and 6 pathogenic KHDC3L variants have
been described. However, there have been no documented cases from South Africa. In this
study, seven Black African patients were screened for NLRP7 and KHDC3L variants. The
patients all had a history of a hydatidiform mole with one or more additional episodes of
reproductive wastage. Three novel NLRP7 variants were identified of which one was
pathogenic and two were variants of unknown significance. The pathogenic variant,
€.1224_1232delinsT, was a complex homozygous pathogenic variant consisting of a 9 bp
deletion and a single base insertion in exon 4. The patient was 20 years old and had three
previous hydatidiform moles and no normal pregnancies. This is the first reported
pathogenic NLRP7 variant in a South African patient.
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INTRODUCTION

Hydatidiform mole is an abnormal human pregnancy characterized by impaired
embryonic development, hydropic degeneration of chorionic villi and abnormal trophoblast
proliferation, usually due to excess gene expression from the paternal genome (Manokhina
et al., 2013; Reddy et al., 2013). Complete hydatidiform moles (CHM) are predominantly
sporadic, characterized by the absence of an embryo and are mostly diandric diploid in
origin, while partial hydatidiform moles (PHM) are mostly diandric triploid and associated
with limited embryonic and fetal development (Manokhina et a/., 2013; Wang et al., 2013).
Rare cases of CHM are diploid biparental (BiCHM). They are characterized by disrupted DNA
methylation and an abnormal expression of some maternally imprinted genes (Puechberty
et al,, 2009; Qian et al., 2011; Manokhina et al., 2013; Reddy et al., 2013).

Recurrent hydatidiform mole (RHM) is defined by the occurrence of repeated molar
pregnancies in affected women. One to 6% of women with a previous mole will develop a
second molar pregnancy, while 10-20% will have a second non-molar reproductive loss,
usually a spontaneous abortion. RHM may be non-familial and occur in patients with no
family history, or they may be familial (Deveault et a/.,, 2009; Rezaei et al., 2016). RHM is
more common in certain geographic locations such as the Middle and Far East and is also
increased in populations with a high consanguinity rate (Rezaei et al., 2016).

Maternal-effect genes have been shown to have causative roles in RHM. Three
maternal-effect genes, NLRP7 (NM_001127255.1), KHDC3L (NM_001017361) and PADI6
(NM_207421.4) are responsible for recurrent and familial BICHM via maternal imprinting.
In 1999, the major gene, causing imprinting, NLRP7 (NALP7) (NACHT, leucine- rich region
and pyrin domains-containing protein family 7) was mapped to chromosome 19q13.42
(Moglabey et al., 1999, Murdoch et al., 2006). NLRP7 encodes for a protein of 1037 amino
acids (Hayward et al., 2009). A second and minor gene, causing imprinting, KHDC3L (KH
domain containing 3-like) or Céorf221 was identified in 2011 and mapped to chromosome
6q13 (Parry et al, 2011). KHDC3L has 3 exons and encodes for a protein consisting of 217
amino acids (Moein-Vaziri et al, 2018). Recently a third gene, PADI6 (peptidyl arginine
deiminase 6), which is located on chromosome 1p36.13 has been linked to hydatidiform
moles and embryonic developmental arrest (Xu et a/, 2016; Qian et al., 2018). All three
genes have an autosomal recessive inheritance pattern (Fallahi et a/, 2018).

NLRP7, KHDC3L and PADI6 are expressed in all oocytes and preimplantation embryos
and encode mRNA and proteins from the maternal genome that accumulate during

oogenesis and control the transition from oocyte to embryo until the activation of the fetal
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genome (Dean, 2002; Murdoch et al., 2006; Akoury et al,, 2015). Their absence results in
early embryonic arrest (Dean, 2002; Akoury etal., 2015). NLRP7 and KHDC3L variants play
a causal role in RHM. Pathogenic variants of NLRP7 are present in 48 to 80% of patients
with RHM while KHDC3L variants occur in 10 to 14% of cases which are negative for NLRP7
variants (Reddy et al, 2016; Nguyen et al,, 2018; Parry et al., 2011; Reddy et al., 2013).

Patients with NVLRP/7 variants not only present with familial recurrent hydatidiform
moles but also with late spontaneous abortions, stillbirths and normal pregnancies with
intrauterine growth retardation (Murdoch et a/, 2006). Patients with recessive KHDC3L
variants have only presented with spontaneous abortions. Variants in KHDC3L may be more
severe than variants in NLRP7 and may not present with other forms of reproductive loss
or with live births (Rezaei et al., 2016).

Functional PADI6 variants have been reported in cases with primary infertility and early
developmental arrest after /in vitro fertilization. Patients have also presented with
hydatidiform moles. Pregnancy outcome appears to be variable with some patients retaining
their pregnancies for a number of weeks (Qian et al., 2018). These differences may be due
to the type of variant present. Missense variants have a milder effect on the protein than
protein truncation variants and may allow the development of some embryonic tissue (Qian
et al.,, 2018). Similarly, patients with biallelic missense NRLP7 variants with no functional
effect on the protein can also show some embryonic tissue development (Qian et a/., 2018).

These maternal-effect variants may put healthy female variant carriers at risk of
reproductive failure, and their offspring may develop aberrant methylation and imprinting
disorders. These variants represent autosomal dominant maternal effect variants which lead
to aberrant imprinting marks in the offspring (Sanchez-Delgado et a/., 2015; Soellner et al.,
2017). The maternal effect is supported by fact that the same pregnancy outcome of
recurrent BiHM is found even when different partners are involved (Reddy et a/., 2013).

NLRP7 consists of an N-terminal pyrine domain, 9-10 leucine-rich repeats, a NACHT-
associated domain (NAD) and a NACHT region. NLRP7 is involved in major histocompatibility
complex class II inactivation. The other members of this family of genes are involved in
inflammation and innate immunity (Hayward et al., 2009). NLRP/is rich in Alu repeats with
approximately 48% of the NLRP7 genomic structure made up of Alu sequences. Alu
elements are predisposed to recombination and 13.5% of NLRP7 mutations have been
found to be Alu mediated (Reddy et al., 2016).

The presence of founder effects in NLRP7and KHDC3L in a population cause a 2 to 10-
fold increase in the rates of HM (Qian et a/,, 2011; Reddy et al., 2013; Fallahi et a/., 2018).
More than 60 pathogenic NLRP7 variants have been identified in patients with RHM and six
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pathogenic variants have been described in KHDC3L in cases which are negative for NLRP7
variants (Parry et al.,, 2011; Reddy et al,, 2013; Reddy et al., 2016; Nguyen et al., 2018).

In Africa, NLRP7 variants have been identified in Moroccan, Tunisian, Egyptian and
Senegalese women while KHDCS3L variants have been described in Tunisian women. (Kou
et al., 2008; Deveault et al., 2009; Puechberty et al., 2009; Landolsi et al., 2011; Parry et
al., 2011; Slim et al., 2012; Reddy et al., 2016). A novel 4bp deletion, c.299_302delTCAA,p.
Ile100Argfs*2 in homozygous state, resulting in a frameshift in exon 2 of the KHDC3L gene
has been reported in a patient of African-American origin who had seven HMs with three
different partners (Reddy et a/, 2013). To date there have been no reports from Southern
and Central Africa.

The aim of this study was to determine whether NLRP7 and KHDC3L variants were
present in @ small cohort of women residing in the Free State Province of South Africa with
a history of hydatidiform mole and at least one additional episode of reproductive wastage.

MATERIALS AND METHODS

Case selection

Approval to perform the study was granted by the Health Sciences Research Ethics
Committee of the University of the Free State (HSREC81/2017 & HSREC72/2014). A
Systematized Nomenclature of Medicine (SNOMED) search of the National Health
Laboratory Service laboratory information system was performed for cases of hydatidiform
mole. All patients with one or more additional episodes of reproductive wastage in the form
of another hydatidiform mole or a miscarriage were contacted telephonically and asked to
take part in the study. Patients who agreed were then seen at a local hospital or clinic

where informed consent was obtained and a blood sample was taken.

DNA extraction

Peripheral blood (10-20 ml) was taken in ethylenediaminetetraacetic acid (EDTA)
vacutainer tubes. The DNA extraction was performed using a salting out procedure (Miller
et al., 1988). The blood was transferred into Nunc tubes and stored at —20°C until extraction
was performed.

The frozen blood samples were thawed and the red cells were ruptured using 45 ml
cold lysis buffer [0.3 M sucrose, 10 mM 2-amino-2-(hydroxymethyl)-1,3-propanediol (Tris)
pH 7.8, 5 mM MgCl,, 1% (v/v) t-octylphenoxypolyethoxyethanol (Trixton X-100)]. The

suspension was centrifuged (4 000 g) for 20 min at 8°C. The supernatant was removed
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after which the obtained pellet was washed and suspended in 1X SET buffer (10 mM Tris-
HCl pH 7.5, 100 mM NaCl, 1 mM EDTA) containing 10 pg.pl™* proteinase K and 1% (w/v)
sodium dodecyl sulphate (SDS). The solution was then placed in a 37°C incubator for 24
hours.

Following incubation, 1.4 ml of saturated NaCl (6 M) was added to the mixture. The
solution was mixed vigorously by shaking, where after the tubes were centrifuged (4 000
g) for 15 min (15°C). The tubes were shaken vigorously for a second time and centrifugation
was repeated. After centrifugation, the supernatant was transferred to a new tube which
contained 2 volumes of 100% (v/v) ethanol.

The precipitated DNA was removed from the solution and transferred to an Eppendorf
tube. The DNA was washed with 70% (v/v) ethanol for a minimum of two hours. The
mixture was then centrifuged to produce a purified DNA pellet. The supernatant was
removed and the DNA pellet was air dried in a 37°C incubator. The pellet was dissolved in
1xT.1E buffer solution.

The concentration and purity of the extracted DNA samples were determined using
spectrophotometry (NanoDrop® ND-1000 Spectrophotometer v3.01, NanoDrop®
Technologies Inc.) according to the manufacturer’s instructions. The DNA samples were
diluted to 50 ng.pl! for use during the optimisation period of primer annealing temperatures
using conventional polymerase chain reaction (PCR).

A 150 ng.ul* DNA aliquot was prepared for high resolution melting analysis (HRMA) to
equilibrate the DNA concentration before the final HRMA PCR dilutions (15 ng.pl-1) was
prepared by adding DNA (150 ng.pul! dilution) to 1xT.1E in a ratio of 1:9. The dilutions were
stored at — 20°C.

NLRP7 and KHDC3L mutation screening

Real Time-based High-Resolution Melting Analysis (RT-HRMA)

Forward and reverse primer sets for all 11 exons of NLRP7 and three exons of KHDC3L
were ordered from Thermo Fisher Scientific and synthesized by Invitrogen™ (Appendix C).
The primer sets covered all exons and exon-intron boundaries.

Each primer set was initially diluted in 1xT.1E pH 8 to a concentration of 20 uM for the
conventional PCR during primer annealing temperature optimisation. Each primer dilution
was then further diluted and aliquoted at a final concentration of 3 pM for the use in RT-
HRMA.
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PCR optimization for HRMA

A conventional gradient PCR protocol was used for the amplification of the initial PCR
product for HRMA of each primer set. The PCR regime entailed one cycle at 95°C for 5 min,
followed by 35 cycles at 94°C for 45 sec, the annealing temperature ranging from 56°C to
63°C for 1 min and 72°C for 45 sec, with a final elongation step at 72°C for 5 min.

Each 50 ul PCR reaction contained 200 ng template DNA, 20 UM exon specific primers,
250 uM deoxyribonucleotide triphosphate, 100 mM Tris-HCI (pH 8.3), 1.5 mM MgCl2, 50
mM KCI and 1 U Tag DNA polymerase. PCR products were visualized using a 2% (w/v)
agarose gel, using DNA molecular weight marker XIII (50bp ladder) to confirm the quality
and specificity of the reaction. Electrophoresis was performed horizontally at 95 V in the
presence of 0.05 pg.ml* EtBr and 1xTBE.

High Resolution Melting Analysis was performed on the LightCycler® 480 II real-time
instrument (Roche Molecular Systems, Inc., Basel). The DNA was diluted to 15 ng.pl. The
PCR reaction was set up per recommended instructions on the package insert of the
LightScanner® Master Mix (BioFire Diagnostics, Inc., Salt lake City, Utah). Each 10 pl
reaction contained 30 ng genomic DNA, 3 uM of each primer, 4 pl LightScanner® 2.5 X
PCR Master mix, and molecular grade dH,0. 25 mM MgCl, was used for further optimisation
as needed.

The recommended amplification regime noted on the package insert for the
LightCycler® 480 High Resolution Melting Master (version July 2009) was used.

Sanger sequencing

Samples demonstrating deviation from the baseline were bi-directionally sequenced
using the BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, United
States) to determine possible variants.

The HRMA PCR products was purified using enzymatic PCR clean-up (Illustra™
ExoProStar™ 1-step from GE Healthcare Life Sciences, United Kingdom) according to the
manufacturer’s instructions. Each sequencing reaction contained 2 pl purified template, 1
Ml BigDye® Ready Reaction terminator mix, 3 pmol of the respective primer and 2 pl
BigDye® sequencing buffer.

The sequencing regime comprised of the following: one cycle at 96°C for 1 min,
followed by 25 cycles at 96°C for 10 sec, 56°C for 5 sec and 60°C for 4 min. The final
holding temperature was 4°C. The sequenced products were precipitated by adding 5 pl
125 mM EDTA and 60 pl 100% (v/v) ethanol and centrifuged at 14 000 rpm for 30 min,

after which the supernatant was removed. The pellet was washed with 200 pyl 70% (v/v)
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ethanol and air dried.
Hi-Di™ formamide (Applied Biosystems, United States) (20 pl) was added to the dried
products. An ABI 3500 Genetic Analyzer (Applied Biosystems, US) was used to analyze the

products. Sequence analysis software (Chromas version 2.31, www.technelysium.com.au)

was used to analyze the electropherograms. The sequences were aligned to the reference
sequences (NM_001127255.1 for NLRP7 and NM_001017361 for KHDC3L) with LALIGN

(www.ch.embnet.org/software/LALIGN) and translated using the Expasy translate tool

(http://au.expasy.org/tools/dna.html).

The variants identified were named according to the Human Genome Variation

Society (http://www.HGVS.org/varnomen) guidelines and classified using the

recommendations of the American Society of Medical Genetics and Genomics (ACMG) for

the interpretation and reporting of single nucleotide variants (Richards et a/., 2019).

RESULTS

Seven Black African patients residing in the Free State Province of South Africa agreed to
participate in the study. The median age of the patients was 25 years with an age range of
20 to 42 years. Four of the patients had a molar pregnancy and one additional miscarriage,
one patient had a molar pregnancy and four miscarriages and two patients had more than
one hydatidiform mole (Table 1). Histology was performed on all the hydatidiform moles
and showed prominent hydropic degeneration, cistern formation and non-polar trophoblast
proliferation. No fetal tissue was evident. p57 immunohistochemistry on all the cases was
negative confirming them to be CHM as p57 is a paternally imprinted, maternally expressed
gene. It was not possible to obtain a reliable family history in any of the cases.

Table 1. Age and number of molar pregnancies and miscarriages

Patient Age Number of hydatidiform moles Number of miscarriages
1 38 1 1
2 23 1 1
3 21 1 1
4 26 1 1
5 25 1 4
6 20 3 0
7 42 2 0

A number of variants were identified in both NMLRP7 and KHDC3L (Table 2). A common
missense variant in exon 3 of KHDC3L was present in six of the seven patients (85.7%).
Three novel NLRP7 variants were detected, two coding variants in exon 4 and exon 9 and

one intronic variant in intron 8.
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Frequencies depicted in Table 2 represent the African population as described in the

1000Genomes database (https://www.1000genomes.org/1000-genomes-browsers).
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Table 2. NLRP7 and KHDC3L variants

Pt Gene Location Alleles Variant Protein RefSNP Class Allele frequency
0,
NLRP7  Exon1  heterozygous c.-359C>T rs9941465 2 'CI' ?2302
0,
NLRP7  Exon4  heterozygous c.1725G>T p.Leu575= rs73055288 2 GT919°/g0
T 48.4%
, MRP7 Exon9 heterozygous €.2682T>C p.Tyr894= rs269951 1 C 51.6%
A 47.8%
NLRP7  Exon 10  heterozygous €.2811-23A>G rs269933 1 G 52.2%
NLRP7  Exon 11  heterozygous €.2982-28delG rs34438464 2 None
0,
KHDC3L  Exon3  heterozygous €.602C>G p.Ala201Gly rs561930 1 g 33'242
C 36.3%
NLRP7 ~ Exon2  homozygous €.-39-16C>T rs775886 1 T 63.7%
T 48.4%
NLRP7 ~ Exon9  heterozygous €.2682T>C p.Tyr894= rs269951 1 C 51.6%
NLRP7 Exon10 heterozygous  c.2811-25G>C 775870 1 G 83.3%
5 . C16.7%
A 47.8%
NLRP7  Exon 10  heterozygous €.2811-23A>G rs269933 1 G 52.2%
NLRP7  Exon 11 heterozygous  c.2982-28delG rs34438464 2 None
(o)
KHDC3L  Exon3  homozygous .602C>G p-Ala201Gly rs561930 1 g gg'géﬁ
C 36.3%
NLRP7 ~ Exon2  homozygous c.-39-16C>T rs775886 1 T 63.7%
T 48.4%
NLRP7  Exon9  heterozygous €.2682T>C p-Tyrg894= rs269951 1 C51.6%
0,
3 MLRP7 Exon9  heterozygous €.2706C>T p.Ala902= rs61746780 1 CT981 '2%/?
A 47.8%
NLRP7  Exon 10  homozygous €.2811-23A>G rs269933 1 G 52.2%
C 69.4%
KHDC3L  Exon3  homozygous c.602C>G p.Ala201Gly rs561930 1 G 30.6%

12



C 36.3%

NLRP7 Exon 2  heterozygous c.-39-16C>T rs775886 T 63.7%
C.2642+29_

. NLRP7  Intron 8 heterozygous 2642+30delTG Novel None

NLRP7  Exon 10 heterozygous €.2811-25G>C rs775870 g ?2322

C 69.4%

KHDC3L  Exon 3  heterozygous c.602C>G p.Ala201Gly rs561930 G 30.6%

C 36.3%

NLRP7 Exon 2  heterozygous C.-39-16C>T rs775886 T 63.7%

G 83.3%

5 NLRP7 Exon 10 heterozygous €.2811-25G>C rs775870 C 16.7%

C 69.4%

KHDC3L  Exon 3  heterozygous €.602C>G p.Ala201Gly rs561930 G 30.6%
NLRP7 Exon 4 homozygous c¢.1224 1232delinsT p.Arg409Alafs*116 Novel None

G 83.3%

6 NLRP7  Exon 10 heterozygous €.2811-25G>C rs775870 C 16.7%
(0]

KHDC3L  Exon3  heterozygous .602C>G p.Ala201Gly rs561930 g gg'gc;z
7  NLRP7  Exon9  heterozygous C.2695C>T p.Leu899Phe Novel None

Class 1: benign, class 2. likely benign, class 3. variant of uncertain significance, class 4: likely pathogenic, class 5: pathogenic. (Classification according to Plon et

al,, 2008)

SS
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DISCUSSION

A total of 12 NLRP7 and KHDC3L variants were identified in the cohort of seven South
African Black patients. Six NLRP7 variants were common between the seven patients and
four variants were present in homozygous state. All previously reported variants were
classified as benign (class 1) or likely benign (class 2). The three novel NLRP7 variants
described in this study are classified as variants of unknown significance (class 3) and as

pathogenic (class 5).

KHDC3L variant c.602C>G, p.(Ala201Gly) in exon 3

Six of the seven patients had the same KHDC3L missense variant in exon 3, ¢.602C>G.
Two patients (patient 2 and 3) were homozygous for this variant. In the 1000 Genomes
browser this variant was found in 30.6% of the African population

(https://www.1000genomes.org/1000-genomes-browsers). In general, the ACMG

guidelines indicates variants above 5% are expected to be benign and have a global
occurrence (Richards e/ al., 2015).

NLRP7 variant ¢.2642+29 _2462+30delTG in intron 8

Patient 4, a 26-year-old patient with one HM and one additional miscarriage, presented
with a novel heterozygous variant, €.2642+29_2462+30delTG. The
€.2642+29_2462+30delTG variant is located in intron 8 of the NLRP7 gene which is
described by a sequence of seven AC repeats at genomic level. This variant has not been
described previously and no population frequencies are available. In silico predictions by
Human Splicing Finder (HSF) predict the deletion to disrupt an exon splicing silencer, but it
is predicted to probably have no effect on splicing. Together with all the available evidence
the variant tends towards a likely benign classification and until familial disease segregation
studies and /n vitro functional studies have been performed the variant remains classified

as a variant of unknown significance (class 3).

NLRP7 variant ¢.2695C>T, p.(Leu899Phe) in exon 9

Patient 7, a 42-year-old patient with two hydatidiform moles and no other episodes of
reproductive wastage, presented with a novel heterozygous missense variant, c.2695C>T.
The ¢.2695C>T variant in exon 9 of the NLRP/ gene is described as a substitution of a
Leucine with a Phenylalanine at amino acid 899 of the NLRP7 peptide. The amino acid

substitution is located between two leucine rich repeats namely LRR7 and LRR8, ranging


https://www.1000genomes.org/1000-genomes-browsers
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across amino acids 874 - 897 and 902 - 928  respectively,
https://www.uniprot.org/uniprot/Q8WX594 (Rabian et al, 2014). This variant has also not

been described previously and no population frequencies are available. In silico predictions
at DNA level with HSF and at protein level with Polyphen-2 predict this variant to probably
have a pathogenic effect. Based on the available predictions this variant is likely pathogenic,
but due to the discrepancies in the length of the available transcripts, /n vitro functional
studies are required to fully classify this variant as pathogenic. Until functional assays are

performed this variant remains classified as a variant of unknown significance (class 3).

NLRP7 variant c.1224_1232delinsT, p.(Arg409Alafs*116) in exon 4

Patient 6, a 20-year-old patient with three previous hydatidiform moles and no other
reproductive wastage, presented with a novel complex homozygous pathogenic variant,
consisting of a 9 bp deletion and a single base insertion in exon 4. The effect on the amino
peptide is described as a substitution at residue 409, but the insertion causes a frameshift
that results in a truncated peptide 116 residue downstream. The frameshift is located in
the NACHT domain of the NLRP7 protein that spans across amino acids 172 — 491.
Mutations in the NACHT domain disrupt oligomerization
(https://www.uniprot.org/uniprot/Q8WX94) (Rabian et al, 2014). This novel variant is

classified as a class 5 pathogenic variant.

The three novel NLRP7 variants described in this study were not found in 121 336
global subjects and 10 400 African subjects in EXAC (https://gnomad.boradinstitute.org/)
or in 5008 global subjects and 1322 African subjects in 1000 genomes browser

(https://www.1000genomes.org/1000-genomes-browsers).

There is still no consensus as to whether heterozygous non-synonymous variants
(NSVs) play a role in the development of recurrent hydatidiform moles. Deveault et al.
(2009) suggested that some NLRP7 NSVs can be associated with hydatidiform moles even
when heterozygous. This was supported by Qian et a/. (2011) who proposed that some,
but not all, heterozygous NLRP7 mutations are associated with reproductive wastage.
Andreasen et al. (2013) stated that heterozygosity for particular NSVs could not be excluded
as playing a role in familial hydatidiform moles and familial non-molar miscarriages while
Soellner et al. (2017) suggested that heterozygous NVLRP/variant carriers have an increased
risk of reproductive wastage but do not develop hydatidiform moles. In addition, Slim et al.
(2012) identified three new NSVs that were not found in the general population and stated

that further studies were required to determine whether they were indeed pathogenic or


https://www.uniprot.org/uniprot/Q8WX94
https://www.uniprot.org/uniprot/Q8WX94
https://gnomad.boradinstitute.org/
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rather very rare variants. In contrast, Manokhina et a/. (2013) found that NVLRP/ and
KHDC3L variants were not a common risk factor for androgenetic hydatidiform moles,
triploidy and recurrent miscarriages. In this study, patients one to six all had one or more
NSV’s of both NLRP7 and KHDC3L, some of which were homozygous. All these variants
were categorized as benign or likely benign and occurred in the normal population and the
precise role they played is uncertain.

Our study was limited by the absence of a family history, small sample size and a
mutation screening method limited to the detection and identification of variants on only a
single indirect sample type, namely maternal blood. To further elucidate the causal role of
the maternal effect genes, NLRP7, KHDC3L and PADI6 in recurrent hydatidiform moles we
will expand by increasing the sample size and ensure an extended family history. Additional
screening methods for both identification and determination of the genetic imprinting status
of variants will be used and blood, hydatidiform moles and/or other products of reproductive
wastage from the patients and possible family members will be utilized when available.

In conclusion, we report a novel NLRP7 homozygous pathogenic variant in a patient
with three previous molar pregnancies. This is the first documented case of a pathogenic
NLRP7 variant in a South African patient.
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Abstract

Choriocarcinomas can be either gestational or non-gestational. Gestational tumours arise from
a previous pregnancy while non-gestational tumours arise from germ cells. The prognosis and
treatment differ, and correct categorization is therefore important. Genotyping can be utilized
to make this distinction, but this technique has not yet been used in Africa. In this study we
genotyped 20 choriocarcinomas and 6 control cases of complete hydatidiform mole (CHM)
using a short tandem repeat multiplex polymerase chain reaction (PCR) assay for 15 loci and
a sex marker, amelogenin. All the patients were of African descent. In two cases amplification
failed and the cases were excluded from the study. Of the remaining 18 cases, 17 were
gestational and one was non-gestational. Of the gestational cases, 16 were purely
androgenetic/homozygous XX compatible with a previous CHM while one arose from a
previous normal pregnancy. In addition, a rare variant allelic repeat, 22.2 at locus FGA was
identified in one case. This variant has a frequency of 0.0026 in the South African population.
A number of problems were encountered with this technique including poor amplification and
cross contamination between tumour and maternal tissue. However, despite these issues,

interpretation was still possible.
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INTRODUCTION

Choriocarcinoma is a malignant trophoblastic tumour characterised by the production of
human chorionic gonadotropin (hCG) (Cheung et a/., 2009). Choriocarcinomas can be either
gestational or non-gestational. The majority are gestational and arise from a previous
pregnancy. The previous pregnancy may be a miscarriage, induced abortion, live birth, still
birth, ectopic pregnancy or a hydatidiform mole (Fisher et al., 1992; Zhao et al., 2009). Non-
gestational or primary choriocarcinoma represents a form of germ cell tumour which can arise
from germ cells in the ovaries or from extragonadal sites in the midline such as the
mediastinum and retroperitoneum. Occasionally, choriocarcinomas can also occur in
association with a poorly differentiated carcinoma in parenchymal organs such as the
gastrointestinal tract (Cheung et al., 2009).

Gestational choriocarcinomas do not always arise from the immediately antecedent
pregnancy (Fisher et al, 1992; Fisher et al, 1995). More than 50% of gestational
choriocarcinomas are secondary to a previous complete hydatidiform mole (Hoffner and Surti,
2012). However, there may be one or more normal pregnancies or miscarriages between the
complete hydatidiform mole and the development of the choriocarcinoma (Savage et al.,
2017). Although rare, choriocarcinomas can also occur secondary to a partial hydatidiform
mole (Seckl et al., 2000).

It is important to distinguish between gestational and non-gestational tumours as non-
gestational tumours have a worse prognosis and different treatment, including different
chemotherapy regimes, is required (Fisher et a/, 1992; Cheung et al., 2009). It is often not
possible to distinguish between gestational and non-gestational tumours based on histology.
Although the clinical history may assist, a definite diagnosis can only be made with molecular
genotyping. In addition, the International Federation of Gynaecology and Obstetrics and the
World Health Organization (FIGO/WHO) scoring system for gestational choriocarcinoma
allocates a lower score to those cases originating from a previous hydatidiform mole (Ngan et
al., 2012).

Microsatellite analysis has been successfully used to accurately categorize
choriocarcinomas as gestational or non-gestational in a number of international studies
(Cankovic et al., 2006; Fisher et al., 2007, Zhao et al.,, 2009; Savage et al., 2017). However,
no study has been published applying this test method in choriocarcinoma in Africa.

Here we present a small series of 20 choriocarcinoma cases from South Africa analyzed

with microsatellite genotyping using only patient tissue to facilitate clinical management.
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MATERIALS AND METHODS

Case selection

Approval to perform the study was granted by the Health Sciences Research Ethics
Committee of the University of the Free State (UFS) (HSREC81/2017).

Twenty histologically confirmed choriocarcinoma cases and six control cases diagnosed
with CHM, with sufficient tumour and benign maternal tissue, available in paraffin blocks, were
selected using the laboratory information system of the Department of Anatomical Pathology,
UFS and National Health Laboratory Service (NHLS), Bloemfontein, South Africa. All patients
were black Africans.

Slide dissection

Formalin-fixed paraffin-embedded (FFPE) tissue sections were mounted on glass slides
and stained with haematoxylin and eosin using standard protocol. Areas of choriocarcinoma
or hydatidiform mole were identified by histological examination and carefully demarcated and
separate areas of maternal tissue from each case were selected for identification of maternal
alleles. Microdissection was performed on 10-um tissue sections for both the neoplastic and
maternal tissues with a sterile scalpel blade and placed into separate microcentrifuge tubes.

The paired tumour and maternal tissue samples were analysed in parallel.

DNA extraction

DNA was isolated using a commercial kit from Qiagen according to manufacturer
instructions (Qiagen, Valencia, CA). FFPE sections were transferred to a 1.5 ml microcentrifuge
tube and 1 ml xylene was immediately added to the sample. The samples were then vortexed
vigorously for ten seconds followed by centrifugation at full speed (14 000 rpm) for two
minutes at room temperature. The supernatant was removed by pipetting. Remaining xylene
was removed by washing the pellet with 1 ml absolute ethanol (100%) by vortexing followed
by centrifugation at full speed (14 000 rpm) for two minutes at room temperature. The
supernatant was again removed by pipetting and the tubes were then opened and incubated
at room temperature for ten minutes until the residual ethanol had evaporated. The pellets
were then resuspended in 180 pl Buffer ATL and 20 pl of proteinase K was added. The samples
were mixed by vortexing and incubated overnight at 56°C. The incubation period deviated
from the manufacturer’s instructions of three hours due to incomplete digestion at the
specified time period. This was then followed by incubation at 90°C for one hour. The samples
were then briefly centrifuged to remove drops from the inside of the lid. 200 pl of Buffer AL
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was added to the samples and mixed thoroughly by vortexing followed by the addition of 200
Ml of absolute ethanol after which the samples were again mixed by vortexing. The samples
were then briefly centrifuged to remove drops from the inside of the lid. The entire lysate
from each sample was transferred to a QIAamp MinElute column in a 2 ml collection tube
without wetting the rim. The lids were closed, and the samples were centrifuged at 8000 rpm
for one minute. The MinElute columns were then placed in new collection tubes and 500 pl of
Buffer AW1 was added without wetting the rim. The lids were closed, and the samples were
centrifuged at 8000 rpm for one minute after which they were placed in another clean
collection tube and 500 pl of Buffer AW2 was added to each sample without wetting the rim.
The samples were centrifuged for one minute at 8000 rpm after which they were again placed
in a new collection tube. The samples were then centrifuged at 14 000 rpm for three minutes
to dry the membrane completely. The MinElute columns were then placed in new
microcentrifuge tubes and 100 pl of Buffer ATE was added to the centre of the membranes.
The lids were closed, and the samples were incubated at room temperature for five minutes
after which they were centrifuged at 14 000 rpm for one minute. Incubation of five minutes
delivered significantly more DNA compared to the one minute advised by the manufacturer’s
instructions.

The quality of the extracted DNA was evaluated using spectrophotometry (NanoDrop®
ND-100 Spectrophotometer v3.01, NanoDrop® Technologies Inc.). Genomic DNA was diluted
to a concentration of 1 ng/pl.

Microsatellite genotyping

Paired tumour and benign maternal tissue samples were analyzed in parallel for genotype,
using the AmpFISTR™ Identifiler PCR Amplification System (Applied Biosystems, Foster City,
California). The reaction consists of a short tandem repeat multiplex polymerase chain reaction
(PCR) assay, using fluorescently labeled primers targeting 15 tetrameric repetitive
polymorphic loci (D81179, D81179 , D21S11, D7S820, CSF1PO, D3S1358, THO1, D13S317,
D16S539, D2S1338, D19S433, vWA, TPOX, D18S51, D5S818, FGA and a sex marker
Amelogenin) in a single reaction producing short amplicons ranging from 100 to 350bp. Five
different fluorescent dyes in the Identifiler™ kit allows for amplification of all loci in a single
tube. Four fluorescent dyes (6-FAM, VIC, NED and PET) are labelled to PCR amplicons and a
fifth dye (LIZ) is used to label the GeneScan-500 Size Standard (AmpFISTR™ Identifiler™ PCR
amplification kit User Guide, Lipata et a/., 2010).

The PCR reactions consisted of 1 ng genomic DNA amplified in a 25 pl reaction, containing
10pl of AmpFISTR™ reaction mix, 5 pl of primer mix and 0.5 pl of AmpliTag Gold DNA
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polymerase. PCR conditions were 95°C for 11 minutes, followed by 28 cycles of 94°C for one
minute, 59°C for one minute and 72°C for one minute with a final extension at 60°C for 60
minutes. One pl of amplified PCR product was mixed with 13 pl of Hi-Di and 0.5 pl of sizing
ladder (GeneScan-500LIZ, Applied Biosystems, Inc.). Capillary electrophoresis was performed
on an ABI3130 Genetic Analyzer (30cm capillary and POP-7 polymer) (Applied Biosystems,
Inc.). Fragment analysis for both the maternal and tumour tissues was performed, using the
GeneMarker software (SoftGenetics, LLC) for loci genotyping.

Comparative genotyping of the corresponding normal maternal tissue and the
choriocarcinoma must be run in parallel in order to identify the genetic origin of the tumour
tissue. The paternal genotype was unknown in all cases and the polymorphic loci in the

choriocarcinoma, not present in the maternal tissue, were scored as paternal.
RESULTS
The results of the microsatellite analysis of the choriocarcinomas is provided in Table 1

while results of the control cases composed of complete hydatidiform moles are provided in
Table 2.



Table 1. Results of the microsatellite analysis of the choriocarcinoma tissue

Choriocarcinoma cases
D851179 | D21s11 | D7$820 | CSF1PO | D351358 | THO1 |D13$317| D16S539 | D251338 | D195433 | wvwA TPOX | D18s51 | Amel | D5s818 FGA AP

'”“;:;'e'e <153bp | <232bp | <279bp | <334bp <136bp £187bp | =240bp <288bp <351bp <125bp | =190bp | <245bp | <316bp ﬁﬁ;’;’:ﬁ <164bp | <250bp
Case
2N 14,15 30,35 11 79 15,16 78 10,11 12 16,21 13,14 15 6 14,16 X 10,12 19,23
2T 13 33.2 10 12 14 8 11 11 20 14 16 6 14 X 12 22 CHM monospermy
3N 12,14 30,32.2 11 11 16,17 78 12,14 9,11 16,19 11,13 15 11 18,20 X 8,10 23,24
3T 1314 [312322] 1011 10,11 15,17 6,8 12 9,11 19,23 13 14,15 10,11 16,20 X 10,13 24 NP gestational
4N 12,15 28,29 10,11 713 14,16 78 11,12 9,12 23 11,14 15,18 11 10.2,17 X 11,12 22,25
4T 12,15 28,29 10,11 7,13 14,16 78 11,12 9,12 23 11,14 15,18 11 10.2,17 X 11,12 22,25 P matemal
5N 12,15 30 D ND 15 68 11 9 ND 10.2,14 14 12 16,17 X 12,13 22,23
5T 13 32.2 ND ND 15 7 ND 12 ND 13 16 11 ND X 12 19 CHM monospermy
6N 14,15 28,32.2 10,11 7,10 15,16 79 11,12 9 21,23 11,12.2 16 9,10 17,18 % 11,13 21,24
6T 15 28 9 12 16 6 11 8 21 12 16 8 19 X 8 23 CHM monospermy
7N 13,14 28 11 10 15,17 7,10 10,11 10 21,22 14 16,17 9 15,20 X 12,14 24,26
7T 13 34.2 12 7 16 9 14 10 20 7 17 8 18 X 12 21 CHM monospermy
8N 11,14 28,30.2 10,11 11,12 14,15 6,9 13 11,12 19,23 12,14 16,20 9,11 16,18 X 12,13 22,26
8T 14 28 9 10 15 8 13 12 22 13 16 11 15 X 12 25 CHM monospermy
9N 15 242331 912 10,12 11 78 11 10 18,19 15 11 8,9 19 X 11,14 23,24
qT 13 27 10 9 14 8 12 12 22 14 16 11 19 X 12 24 CHM monospermy
10N 14,15 28 ND ND 15,17 9 ND 11,12 ND 11,14 18 8,11 ND X 12,13 22,23
10T 14 28 ND ND 15 8 ND 11 ND 12 16 9 ND X 12 25 CHM monospermy
11N 15 28,29 9,10 12,13 14,16 9 11,13 10,12 17,19 11,12 16 9,11 15,16 X 12 21,23
11T 14 28 11 12 14 8 12 12 22 13 17 10 18 X 13 24 CHM monospermy
12N 12,13 32.2,33 9,10 12 15 7 11,12 11,14 19,23 7,14 15,16 6,11 14,15 X 8,12 24,26
12T 15 31 9 12 16 8 13 11 16 14 17 11 16 X 22 16 CHM monospermy
13N 12,15 29,36.1 10,12 12 16,17 10 12 11 20,24 13,14 15,16 8,9 19 X 11,13 22,24
13T 13 31 11 10 16 9 12 9 19 13 16 11 17 X 11 22 CHM monospermy
14N 13 28 11,12 12,13 15,18 89 12,14 11 22 13,14 14,15 8,9 15,18 X 11,13 19,22
14T 13 32.2 9 12 17 9 13 11 20 142 16 11 14.2 X 12 19 CHM monospermy
15N 1245 [ 31.2,32.2 9 9 14,15 8 12,13 10,11 21,23 12,14 14,17 8,11 15 X 10,12 20
15T 13 28 8 12 15 9 14 9 ND 15 11 9 16 X 8 19 CHM monospermy
16N 11,13 [32.2332] 810 10,12 16,17 7 11 9 22,26 10.2,14 16,17 10,11 15,19 X 12,13 16.2,25
16T 14 28 9 12 14 7 13 13 22 14 16 6 17 X 11 24 CHM monospermy
18N 13 29,32.2 8,10 8,13 16 78 12,14 12 21,22 12,14 14,18 8,9 15,16 X 12,13 23,26
18T 13 28 9 12 18 8 11 11 21 14 19 8 18 X 11 20 CHM monospermy
19N 14 31.2,32.2 8 11 15,17 68 11,12 11,12 22 12,13 18 9,11 13,16 % 11,12 19.2,20
19T 14 31.2 11 12 15 7 13 9 17 15 16 8 19 X 8 23 CHM monospermy
20N 13,14 31,31.2 9,12 9,10 15,17 8,9.3 11 9,10 20,21 14 15,18 6,11 14,15 X 12,13 23,24
20T 15 30 10 12 15 7 12 13 22 12 15 11 20 X 8 25 CHM monospermy

N = Normal or maternal tissue, T = tumour tissue, CHM = complete hydatidiform mole, ND = not detected, P= primary choriocarcinoma, AP = antecedent

pregnancy, NP = normal pregnancy, ‘Maximum allele size as determined in this study (AmpFISTR™ Identifiler™ PCR amplification kit User Guide)

0L



Table 2. Microsatellite analysis of the control CHM group

Controls — Complete Androgenic Hydatidiform Moles

Case |D81179[D21S11|D7S820| CSF1P [D3S1358(THO1|D13S317[D16S539|D2S1338[(D19S433| vWA |TPOX[D18S51 |Amel | D5S818| FGA AP
22N 14 28,32 10,12 11 16,17 8 12,14 10,11 19,25 10.2 [1517] 6,11 | 12,13 X 12,13 122,25

22T 13 31.2 9 9 15 7 12 11 21 13 15 8 18 X 8 26 | monospermy
23N 15 29,31 10,11 | 11,12 14,15 6,7 1913 11,12 2125 13,14.2 116,18] 69 | 17,19 X 813 [1927

23T 13 30 10 12 15 8 12 10 24 12 18 8 19 X il 22 | monospermy.
24N | 14,15 [29,31.2 9 9,12 15 8 12 11 19 12,15.2 116,17 9 15,17 X 8 21,23

24T 13 32.2 10 12 12 9.3 13 8 16 14 19 11 18 X 12 26 | monospermy
25N | 10,14 | 29,30 11 9,12 14,16 9 11 12,13 18,24 13,15 |14,17| 22 25 X 10,12 21,25

25T 14 29 12 10 16 6 8 11 18 15 15 11 17 X 11 24.2 | monospermy
26N | 14,15 | 28,30 10 10,12 15,18 6,8 19,12 11,12 17,18 14 14,18]120,11] 13,16 X 12 [22.24

26T 12 32 9 13 15 7 9 11 18 14 14 8 13 X 12 22 | monospermy
27N | 13,14 28 9,10 10,12 15,16 [89.3| 11,12 11 21,23 11,13 [16,19] 8,11 [ 1520 X 11,12 23,27

27T 14 28 ) 7 16 7 13 12 16 14 16 11 18 X 11 26 | monospermy

N = Normal or maternal tissue, T = tumour tissue

T
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From the 20 cases of choriocarcinoma with sufficient tumour and maternal tissue, two
cases (cases 1 and 17) failed amplification after various PCR attempts and were excluded
from the study. The remaining 18 cases were suitable for analysis. Of these, one case
(case 4) contained exclusively maternal alleles indicating a non-gestational origin
compatible with a primary choriocarcinoma (Figure 1), one case (case 3) had one maternal
and one non-maternal allele compatible with an antecedent normal pregnancy, while the
remaining 16 cases showed only non-maternal alleles compatible with a previous complete
androgenetic hydatidiform mole (Figure 2). No triploid cases indicative of a preceding partial
hydatidiform mole were identified in this study. All six controls presented with exclusively
non-maternal alleles confirming them as complete androgenetic hydatidiform moles
(Figure 3).

0351358 [ THO1 | [D°3sS317]
100 120 140 160 180 200 220 240 :
5,000
U__.__.“_.JULL‘L_ U 1
Maternal tissue 1416 {12
b3s1358| | THO1 | [D°3S317 |
100 120 140 160 180 200 220 240 :
4,000 |
2,000 ] U
S S P P} IJ. 1 .
Tumour 1416 [is] 2]

Figure 1. Microsatellite genotyping result for case 4. The alleles are the same in both the
maternal and tumour tissue confirming a primary (non-gestational) choriocarcinoma
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Figure 2. Microsatellite genotyping result for case 12. There are no matching alleles
confirming that this represents a gestational choriocarcinoma arising from a previous
complete hydatidiform mole.
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Figure 3. Microsatellite genotyping result for case 26. This is a control case of a complete
hydatidiform mole. Only one peak is noted in the tumour tissue for all the STR markers,
which is consistent with monospermy.

In three of the cases (cases 5, 10 and 15) not all the alleles could be amplified. Despite
degraded DNA and consequential failed amplification across various loci (ranging from
240bp to 351bp) in cases 5 and 10, at least 9 loci in each case were still interpretable and
could be genotyped. A single locus (D2S1338 - 351bp) of the tumour DNA of case 15 failed
amplification. This locus contains the largest polymorphic fragment. This may be ascribed
to poor amplification and was mostly due to DNA quality (degraded DNA) and was
successfully addressed by re-extraction of DNA and PCR amplification using a lower DNA
concentration to reduce possible amplification inhibition agents in the crude lysate

(Figure 4). Despite the presence of degraded DNA interpretation was still possible.

100 120 140 160 180 200 220 240 260 280 300 320 340 36(

3,000
2,500

2,000

-\

Figure 4. Example of microsatellite genotyping indicating poor amplification due to DNA
degradation

Minor cross contamination between the two tissue types (present as small peaks) was
noted in some cases (Figure 5). The maternal alleles could not be distinguished from tumour

alleles as both amplified poorly and peaks were of equal height and were not genotyped.
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Figure 5. Minor cross contamination between the two tissue types (present as small
peaks) was noted in some cases

For some cases the peak intensity was very low for fragments above 250 bp. Allele
peaks below 200 relative fluorescent units (rfu’s) were not genotyped in this study. Although
poor amplification occurred, true peaks in tumour tissue were distinguishable from maternal
alleles and random background peaks, as seen in the tumour tissue at 318 bp in Figure 6.

Despite of the presence of maternal contamination interpretation was still possible.

Maternal Tissue

280 230 300 310 20 330 340

N P e v

Figure 6. Microsatellite genotyping example of cross contamination of two tissue
populations. The detectable relative fluorescent unit threshold was decreased to 200
rfu’s.

Tumour

Only twelve genotypes from the 16 choriocarcinoma cases (excluding cases 5 and 10)
and three genotypes from the CMH control group were uninformative due to homozygosity
between the maternal and tumour tissue. More than 95% (228/240 genotypes) and 96.7%
(87/90 genotypes) of the genotypes across all loci in the choriocarcinoma and control
groups respectively, were informative and allowed for accurate interpretation of the

genotyping results and an unequivocal diagnosis.
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Of interest, was the presence of a variant allelic repeat, 22.2 at locus FGA (case 18)
which was not listed in the AmpFISTR™ Identifiler™ PCR Amplification Kit User Guide as a
known allele. Initially we excluded this allele from the genotype as various peaks of almost
equal height were present at 200 rfu’s. On further investigation we found the variant to be
a true amplification product as it is a rare allele in the South African population which is
only detected in 29/19,179 cases with a of frequency of 0.0026 (Unpublished data, Dr Andre
de Kock, Head of the local Paternity and Kinship Testing Facility).

DISCUSSION

In our study 16 of the 18 cases (88.9%) were gestational choricarcinomas arising from
a previous complete hydatidiform mole. This is in keeping with previous international studies
(Zhao et al., 2009; Savage et al., 2017). All CHM were diploid androgenetic and homozygous
at each locus indicating that the CHM arose from a single sperm that duplicated its genome.
This is in concordance with other studies, indicating 81 to 90% of cases arise from
monospermy (Bifulco et al., 2008; Furtado et al., 2013). Although the homozygous pattern
does not definitely demonstrate diploidy, it does demonstrate complete androgenicity,
which is probably the most important information required (Murphy et a/., 2009).

Case 3 was a gestational choriocarcinoma resulting from a previous normal pregnancy.
Maternal and paternal alleles were expressed in equal proportion, suggesting it originated
from a normal balanced biallelic gestation. Case 4 was a non-gestational choriocarcinoma
containing only maternal alleles, devoid of any paternal alleles.

FFPE tissue can be significantly degraded, resulting in poor PCR amplification, especially
with older specimens (>10 years) and particularly involving longer amplicons. Poor PCR
amplification can result in inaccurate or biased allele ratios (skewed allelic ratio), which can
confound interpretation. This may be sufficiently addressed by the institution of a
requirement of peak heights. Murphy et al (2009) institute rfu’s of 300 at a 30 second
injection. In our study we introduced a rfu of 200 to address the challenge for fragments
smaller than 300 bp. Others reported interpretable results in older, damaged archival
samples. Samples were between 2 and 10 years old at the time of DNA extraction (Cancovic
et al.,, 2006; Murphy et al., 2009). Our laboratory receives samples from the entire Free
State Province of South Africa and the quality of the formalin (not buffered to a more neutral
pH) provided by the referral hospitals, in which the tissue is fixed and transported is not
always of an appropriate standard.

Poor amplification is usually observed in larger sized amplicons (>300bp) (Furtado et
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al,, 2013). Cankovic et al. (2006) reported that amplification of shorter allelic fragments
was successful in all samples, but amplification of fragments larger than 200bp was not
possible in some cases. However, in spite of this challenge proper assignment of all alleles
was accomplished and reliable comparison between tumour and maternal tissue was
possible. Our data supports these studies and indicates amplification of all loci and allele
size ranging from 107bp to 351bp, and although the majority of samples in our study were
characterized by poor amplification of fragments larger than 200 bp interpretation was still
possible.

Shared alleles (homozygosity) between maternal and tumour tissue and an unknown
paternal genotype can make interpretation difficult and the locus completely uninformative.
In contrast, between 95% and 96.7% of genotypes were informative and proper
assignment of alleles was accomplished in our study.

The most frequently encountered problem with the genotyping assay was cross-
contamination between maternal and tumour tissue owing to difficulty isolating these areas
as pure populations by manual dissection. As contamination of maternal tissue cannot
always be completely avoided during the microdissection for DNA extraction, minor
maternal PCR amplified products can be seen in the analysis of the tumour tissue (Bifulco
et al., 2008; Furtado et al,, 2013). This was visible as small peaks correlating with the linked
sample and does not usually pose a diagnostic challenge as these are quantitatively small
and allele interpretation was possible (Furtado et a/., 2013). However, contamination with
the maternal tissue is particularly problematic for loci at which the tissue is homozygous.
This causes conflicting interpretation from different polymorphic loci and can result in allele
ratios that appear to be consistent with triploidy, when in fact the case is androgenetic
diploid (Murphy et al, 2009). The diagnosis of a non-gestational tumour depends on
showing that the genotype of the tumour reflects that of the patient and that the DNA
analysed is from the tumour cells and not obscured by DNA from the host present in the
same section. This can be a problem with microdissection from unstained sections where
tumours are small and there is a high degree of infiltration by host cells, in particular host
lymphocytes (Savage et al, 2017). This can be eliminated by using laser capture
microdissection. However, this was not available for use in this study.

The six control cases (cases 22 to 27) of CHM contained well preserved DNA, and all
alleles could be detected. On average 1 to 9 alleles were common between the normal and
tumour tissue. The androgenetic component was easily detected and distinguished from
maternal alleles. Amelogenin was not informative for all of the CHM arose from monospermy

and were XX. About 80% of CHM are monospermic arising by duplication of the parental
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genome, these tumours are generally homozygous for all loci and easily recognizable as

post-molar tumours (Savage et al., 2017).

CONCLUSION

Microsatellites are short sequences of DNA that are arranged in repetitive units and
dispersed throughout the genome. Polymorphic microsatellite markers are stably inherited,
unique to an individual and are the same in all tissue from the same individual. Microsatellite
genotyping is practical, cost-effective, requires a minimal amount of template DNA
extracted from FFPE tissue and does not depend on the availability of the paternal
genotype. The system produces short PCR amplicons of 100 to 350bp, suitable for FFPE
samples and is highly specific and sensitive.

Although molecular genotyping is not required in all cases of choriocarcinoma as the
majority are gestational, molecular genotyping can be useful in cases which do not respond
to first line treatment and in cases in which the clinical history is suggestive of a non-
gestational tumour so that the appropriate treatment can be implemented.

This is the first report of microsatellite genotyping on choriocarcinoma in South African
women. Although the cohort of samples is small, we were able to identify a rare variant
allelic repeat, 22.2 at locus FGA in the South African population.
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CHAPTER 6

CONCLUSIONS AND FUTURE PERSPECTIVES

GTD is a group of placental trophoblastic lesions which are always associated with
pregnancy and are rarely seen in other species. These tumours generally respond well to
treatment and even patients with metastatic disease can often be cured if the appropriate
treatment is given timeously (Lurain, 2010; Hoffner and Surti, 2012). Rapid and accurate

diagnosis is therefore essential.

GTD is uncommon and choriocarcinoma, ETT and PSTT are extremely rare (Smith, 2003).
Large series are therefore limited. In addition, the use of different classification systems
and terminology, the absence of central databases and the use of different denominators
when determining incidence rates has made comparisons between older studies
problematic (Bracken, 1987; Smith, 2003).

Apart from a number of studies from Nigeria on the demographic features of GTD, there is
relatively little literature available from Africa and South Africa and no data are available
from the Free State Province. Whether the local disease profile and genetic features are
similar to that found in studies from Africa and the rest of the world is therefore unknown.
The aim of this study was therefore to evaluate the local demographic and genetic features
of patients with GTD to determine whether they conform or differ from the available local

and international literature.

This study confirmed that patients with GTD seen at public sector health care facilities in
the Free State Province have a similar clinical presentation to that seen in other studies
from both Africa and the rest of the world. In 53.5% of cases, the referring clinician
suspected a diagnosis of GTD based on clinical and sonographic features while an additional
24.1% of cases presented with vaginal bleeding. The age at which patients present is also
similar to that found in other studies with a mean age of 27.7 years. This is to be expected,
as these tumours are pregnancy related and therefore usually occur in the reproductive
years. However, our study demonstrated a very low incidence of both hydatidiform mole
and choriocarinoma and no ETT or PSTT were identified in the study period. The low
incidence may partly be due to a low clinical suspicion as not all products of conception are
submitted for histology in our setting due to budgetary constraints. Additional research is

required and a large study is proposed in which all products of conception from public sector
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health care facilities in the Free State Province will be submitted for pathological evaluation
for a period of six months. This will allow us to determine whether the incidence is indeed
very low or if clinicians need to be encouraged to submit more products of conception for

pathological evaluation.

An HIV positive status with a CD4 count of less than 200 cells/pl has been postulated to be
a poor prognostic factor in patients with GTD (Moodley et a/, 2009). Our study of 33
patients confirmed this hypothesis as only 33.3% of HIV positive patients with a CD4 count
of less than 200 cells/pl were alive nine months after diagnosis in contrast to 88.2% of the
HIV negative patients and 75% of the HIV positive patients with a CD4 count of more than
200 cell/pl (p = 0.03). In addition, HIV positivity was also found to have a significant
influence on the presence of metastases (p = 0.03). The National Comprehensive Cancer
Network (NCCN) clinical practice guidelines recommends that all patients with cancer should
be screened for HIV. Treating the HIV infection can improve clinical survival so HIV therapy
should be started or continued during treatment of GTD. It is also important to evaluate all
the drugs a patient is receiving, as there may be drug-drug interactions between the HIV
treatment and the chemotherapy and there may be overlapping toxicities (Reid et al,
2018).

Fifteen percent of the patients treated for GTD at the Department of Oncology, National
District Hospital, Bloemfontein were lost to follow up. This challenge has been noted in a
number of other South African studies. Makhathini et a/. (2019) found that 40.7% of
patients travelling more than 80.5 km for treatment were lost to follow-up. The Free State
Province encompasses an area of 129 825 km? and as patients with GTD from the entire
Free State Province are treated at the local Department of Oncology many patients have to
travel long distances for their appointments. Further investigation is required to confirm

whether this is indeed a factor in our population.

In recent years three maternal-effect genes, NLRP7, KHDC3L and PADI6 have been linked
to recurrent hydatidiform mole and other forms of reproductive wastage (Moglabey et al,
1999; Parry et al, 2011; Xu et al, 2016; Qian et al, 2018). Patients with pathogenic
variants of these genes almost always require assisted reproductive technologies and
oocyte donation. PADI6 was only identified as a causal gene in 2018 and has therefore not
been evaluated in this study. This is the first study involving South African patients and

three novel NLRP7 variants were found, one pathogenic variant and two variants of
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unknown significance. The pathogenic variant, c.1224_1232delinsT, was a homozygous
variant with an insertion and deletion in exon 4. This resulted in a frameshift with a
truncated peptide 116 residue downstream. Further in vitro studies are planned on the two
variants of unknown significance to fully classify these variants and all seven patients will
be evaluated for PADI6 variants if additional consent is obtained. Mutation screening of the
FFPE tissue of available hydatidiform moles from these patients will also be performed to

identify the presence of variants and their imprinting status.

This study also provides the first report of molecular genotyping of choriocarcinomas in
South African patients to classify them as gestational or non-gestational and to identify the
nature of the underlying pregnancy in the gestational cases. This distinction is important as
gestational choriocarcinomas secondary to a molar pregnancy have a better prognosis and
different treatment regimes are used for gestational and non-gestational cases. Of 20 cases
evaluated, 18 were suitable for analysis. Sixteen cases were compatible with a previous
androgenetic complete hydatidiform mole, one case arose from a previous normal
pregnancy and one case was a non-gestational choriocarcinoma. These findings correlate
with those of previous international studies (Zhao et al., 2009; Savage et al., 2017).
Problems with cross contamination between maternal and tumour tissue were identified as
manual dissection techniques were used but the data could still be interpreted. Poor
amplification due to tissue degradation was also seen but this is a known result of formalin

fixation.

A rare variant allelic repeat, 22.2 at locus FGA was identified in one case, which is not listed
in the AmpFISTR™ Identifiler™ PCR Amplification Kit User Guide as a known allele. This is
important to note as local researchers may exclude the allele during analysis if they are

unware of its presence at a very low frequency in the South African population.

Although this study is limited by the relatively small sample size, the findings will assist with
future patient management and has highlighted a number of areas for further research.
Both the NLRP7 and KHDC3L screening and choriocarcinoma genotyping will be added to
the routine diagnostic platform. Microsatellite genotyping will also be available in cases
where the distinction between a partial hydatidiform mole and a normal pregnancy is not

possible histologically as p57 immunohistochemistry is not helpful.
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patients with hydatidiform mole

You have been asked to participate in the above-mentioned research study.
You have been informed about the study by .........cooviiiiiiiii

You may contact Dr W Vergottini (telephone number 0828866199) at any time if you have
questions about the research.

You may contact the Secretariat of the Ethics Committee of the Faculty of Health Sciences,
UFS at telephone number (051) 4052812 if you have any questions about your rights as a
research subject.

Your participation in this research project is voluntary, and you will not be penalized or loose
benefits if you refuse to participate or terminate participation.

If you agree to participate, you will be given a signed copy of this document as well as the
participation information sheet, which is a written summary of the research.

The research study, including the above information has been verbally described to me and/or
I have read the information document.

L
understand what my involvement in the study means and I voluntarily agree to participate.

Signature of Participant Date
Signature of Witness Date
Signature of Study Doctor Date

Signature of Translator (where applicable) Date



Department of Anatomical Pathology UFS

Information Sheet

Study Title: NLRP7 and KHDC3L Mutations n SOl,lth-
African patients with hydatidiform mole

Dear Patient,

We, doctors from the Pathology and Human Genetics departments, are doing research on patients with a history of a molar
pregnancy. Research is the process to learn the answer to a question. In this study, we want to learn if patients with a history
of a molar pregnancy have a mutation in their NLRP7 or KHDC3L genes. Research in other countries has demonstrated a
link between mutations of this gene and molar pregnancies and we want to learn if this is also true in patients from South
Afiica.

‘Why have you been asked to take part?

We are asking you to participate in this study because you have a history of a specific type of molar pregnancy and/or
recurrent miscarriages.

‘What will the study involve?

Once you have read and understood this document, you will be asked to sign an informed consent document stating that you
understand what your part in the study will be and what procedures will be done for the study. A doctor or nurse will take a
blood sample from you. This sample will be analyzed at the genetics and anatomical pathology laboratories and tested for a
mutation in the NLRP7 and KHDC3L genes. Sample slides of the histology of your previous pregnancy / pregnancies will
also be reviewed by pathologists.

‘What are the risks?
The only risks that are involved in the study are those that could arise from obtaining a blood sample. These include pain,

bleeding or infection. Obtaining blood samples form patients is a common, routine procedure. The risk of developing these
complications is very small.

‘What are the benefits?

By participating in the study, you will be helping the doctors to understand the importance of mutations in the NLRP7 and
KHDC3L genes in patients with molar pregnancies and recurrent miscarriages.

Do you have to take part?

No. Your participation in this study is voluntary and refusal to participate will involve no penalty or loss of benefit to which
you are otherwise entitled. You may discontinue participation at any time during the study. Your treatment and follow-up
will not be changed in any way.

Will your participation in the study be kept confidential?

Efforts will be made to keep personal information confidential. Absolute confidentiality cannot be guaranteed. Personal
information may be disclosed if required by law. Organizations that may inspect and/or copy your research records for
quality assurance and data analysis including groups such as the Ethics Committee for Medical research. No patient names
will be used in the study data or results.

Results
You may request your test results and if they are positive genetic counselling will be made available to you.



Reimbursements:

Participation will not involve any extra costs to you as a patient. All procedures will be performed at no extra cost to you and
will be paid for by the Pathology department. You will not receive any reimbursement for participation in the study.

Any further queries?
If you need any further information, you can contact me:
Dr. W Vergottini

Cell: 0828866199
Email:  vergottini@live.com

If you agree to take part in the study, please sign the consent form overleaf.



TOESTEMMING OM IN ‘N NAVORSINGSTUDIE DEEL
TE NEEM

NLRP7 en KHDC3L Mutasies in Suid-
Afrikaansepasiénte met hidatidiforme mola
swangerskap(pe)

Jy is gevra om deel te neem in die bogenoemde navorsingstudie.
Jy is ingelig oor die studie deur ..........ccoeeeieiieieiieeee,

Jy kan Dr W Vergottini (telefoonnommer 0828866199) enige tyd kontak as jy vrae het oor
die navorsing,

Jy kan die sekretariaat van die Etiekkomitee van die Fakulteit Gesondheidswetenskappe, UV
by telefoonnommer (051) 4052812 kontak indien jy enige vrae oor jou regte as 'n
studiedeelnemer het.

Jou deelname aan hierdie navorsingsprojek is vrywillig, en jy sal nie gestraf word of enige
voordele verloor as jy weier om deel te neem of jou deelname beé&indig nie.

As jy saamstem om deel te neem sal jy'n getekende afskrif van hierdie dokument, asook die
deelname inligtingsblad wat 'n skriftelike opsomming van die navorsing is, ontvang.

Die navorsingstudie, insluitende die bogenoemde inligting is mondelings aan my verduidelik
en / of ek het die inligtingsdokument gelees .

Ek,
verstaan wat my deelname in die studie behels en ek stem vrywillig in om deel te neem .

Ondertekening van 'n deelnemer Datum
Handtekening van getuie Datum
Handtekening van studiedokter Datum
Handtekening van Tolk (waar van toepassing) Datum



Departement Anatomiese Patologie UV

inligtingsblad

Studietitel: NLRP7 en KHDC3L Mutasies in Suid - Afrikaansepasiénte met
hidatidiforme mola swangerskap(pe)

Geagte Pasiént

Ons, dokters van die Patologie en Menslike Genetika departemente, doen navorsing op pasiénte met 'n geskiedenis van n
mola swangerskap. Navorsing is die proses om die antwoord op ' vraag te leer. In hierdie studie, wil ons leer of pasiénte
met 'n geskiedenis van 'n molére swangerskap 'n mutasie in hul NLRP7 of KHDC3L gene het .Navorsing in ander lande het
getoon dat daar 'n skakel is tussen mutasies van hierdie gene en molére swangerskappe, en ons wil leer of dit ook waar is in
pasiénte van Suid-Afrika.

Hoekom vra ons jou om deel te neem?

Ons vra jou om deel te neem in hierdie studie want jy het 'n geskiedenis van 'n spesifieke tipe molére swangerskap en / of
herhaalde miskrame.

Wat sal die studiebehels?

Sodra jy die document gelees het en dit verstaan, sal jy gevra word om 'n ingeligte toestemming dokument te teken wat
verklaar dat jy verstaan wat jou deelname in die studie sal behels en watter procedures gedoen sal word vir die studie. 'n
Dokter of verpleegster sal 'n bloedmonster van jou neem. Jou bloedmonster sal by die Menslike Genetika en Anatomiese
Patologie laboratoriums ontleed en getoets word vir 'n mutasie in die NLRP7 en KHDC3L gene. Histologiese skyfies van
jou vorige swangerskap(pe) sal ook hersien word deur patolog.

Wat is die risiko's betrokke?

Die enigste risiko's wat betrokke is in die studie, is die wat kan ontstaan as gevolg van die verkryging van 'n bloedmonster
.Dit sluit in pyn, bloeding of infeksie. Verkryging van ‘n bloedmonster is 'n algemene, roetine prosedure. Die kans om ‘n
komplikasie te ontwikkel is baie klein.

Wat is die voordele betrokke?

Deur deel te neem aan die studie sal jy dokters help om die belangrikheid van mutasies in die NLRP7 en KHDC3L gene, in
pasiénte met moléreswangerskappe en herhaaldemiskrame, te verstaan.

Hoef jy deelteneem?

Nee. Jou deelname aan hierdie studie is vrywillig en die weiering om deel te neem sal geen boete of verlies van
voordele,waarop jy andersins geregtig is, beinvloednie. Jy kan jou deelname op enigetyd tydens die studie staak. Jou
behandeling en opvolg sal nie op enige manier verander word nie.

Sal jou deelname aan die studie vertroulikhanteer word?

Pogings sal aangewend word om persoonlike inligting vertroulik te hou. Absolute vertroulikheid kan nie gewaarborg word
nie. Persoonlike inligting mag beskikbaar gemaak word as die wet dit vereis. Organisasies mag jou navorsing records vir
gehalte-versekering en data-analise nagaan. Dit sluit in groepe soos die Etiekkomitee vir mediese navorsing. Geen pasiént
name sal gebruik word in die studie data of resultate nie.

Uitslae:
U kan u toets uitslae aanvra en indien die toetse postitief is sal genetiese berading vir U beskikbaar wees.



Vergoeding:

Deelname sal geen ekstra koste vir jou as 'n pasiént behels nie. Alle prosedures sal teen geen ekstra koste aan jou uitgevoer
word en sal deur die Patologie Departement betaal word. Jy sal nie enige vergoeding vir deelname in die studie ontvang nie.

Enige verdere navrae?

As jy enige verdure inligting benodig, kan jy my kontak :
Dr W Vergottini

Cell : 0828866199

E-pos: vergottini@live.com

As jy saamstem om deel te neem in die studie, teken asseblief die toestemming op die agterkant.



KUTLWISISANO MABAPI LE SEABO DIPHUPUTSONG

Diphethoho tsa NLRP7 le KHDC3L hara bakudi ba
Afrika Borwa ba nang le hlahala e melang ka hara thari
nakong ya kemaro.

O kopuwa ho ba le seabo diphuputsong tse hlalositsweng kahodimo.
O fumane hlakisetso mabapi le diphuputso ka.........ccocoeiiencrinnennn.

O ka iteyanya le Ngaka W Vergottini dinomorong tsena tsa mohala 0828866199 ka dinako
tsohle haeba o na le dipotso tse mabapi le diphuputso.

O ka iteyanya le mongodi wa Komiti ya Lefapha la Mahlale a tsa Bophelo, nomorong ya
mohala Unibesithing ya Foreisetata eleng (051) 4052812 haeba o na le dipotso mabapi le
ditokelo tsa hao jwaleka ka monka-karolo diphuputsong.

Seabo sa hao diphuputsong ke sa boithaopo mme o ke ke wa fumantshwa kotlo kapa ho
hanelwa menyetla haeba o hana ho nka karolo kapa ho kgaotsa ka seabo sa hao.

Haeba o dumela ho nka karolo o tla fuwa tokomane e saennweng mmoho le legephe le nang
le tshedimosetso, eleng kakaretso ya diphuputso.

Ke hlaloseditswe dintlha tse amanang le diphuputso, tse akaretsang tshedimosetso ka puo ya
molomo kapa ke badile tokomane ya tshedimosetso.

E le nna,
Ke utlwisisa seabo sa ka diphuputsong tsena le hore ke sa boithaopo.

Tshaeno ya monka-karolo Letsatsi
Tshaeno ya paki Letsatsi
Tshaeno ya ngaka e tsamaisang diphuputso Letsatsi
Tshaeno ya mofetoledi (ha ho hlokahala) Letsatsi



Lefapha la Bohlahlobi ba Madi Yunibesithing ya Foreisetata

Legephe la Tshedimosetso

Sehloho sa Diphuputso: DlphethOhO tsa NLRP7 16 KHDC3L haI' a
bakudi ba hlahala e melang ka hara thari/popelo nakong
ya kemaro

Mokudi ya Kgabane,

Re le dingaka tse hlahang Lefapheng la Dihlahlobo tsa Madi le Motheo wa Popo ya Motho re tshwarahane le diphuputso ka
thuso ya bakudi ba bileng le bothata ba hlahala ya thari e melang nakong ya bokgatjhane/kemaro ka makgetlo a mmalwa
nakong e fetileng. Sepheo sa diphuputso ke ho fiumana dikarabo bakeng sa dipotso tse itseng. Diphuputsong tsena re batla ho
sibolla diphethoho tse bang teng jineng ya NLRP7 le KHDC3L hara bakudi ba bileng le hlahala ya thari e melang nakong
ya bokgatjhane. Diphuputsong tse ileng tsa etswa dinaheng tse ding di supa hore kamahano e teng dipakeng tsa phethoho ya
Jjine mmoho le hlahala e melang popelong nakong ya kemaro. Ka hoo re batla ho sibolla haecba sena ke nnete hara bakudi ba
Afrika Borwa.

Ke ka lebaka la eng ha o kopuwe ho ba le seabo?

Re kopa seabo sa hao diphuputsong tsena ka lebaka la hobane o bile le hlahala ya thari nakong ya bokgatjhane mmoho le ho
lahlehelwa ke masea a eso belehwe ka makgetlo nakong e fetileng.

Na ebe ke eng se tla akaretswa ke diphuputso?

Ha o se o badile tokomane ena ka kutlwisiso o tla kopuwa ho saena lengolo la kutlwisisano ho supa hore o utlwisisa seabo sa
hao diphuputsong mmoho le tsamaiso e tla latelwa bakeng sa diphuputso. Ngaka kapa mooki o tla hula madi bakeng sa
diteko. Tekolo ya madi e tla etswa laboratoring ya dihlahlobo tsa madi bakeng sa dipatlisiso ka diphethoho tse etsahalang
jineng ya NLRP7 le KHDC3L. Ditshwantsho tsa nako e fetileng nakong ya kemaro ya hao le tsona di tla hlahlojwa ke
ditsebi tsa madi.

Ke kotsi efe e ka etsahalang?

Kotsi e le nngwe fela e ka etsahalang eka bakwa ke ho hulwa ha madi. Yona e akaretsa bohloko, phallo ya madi kapa
tshwaetso. Ho nkuwa ha madi ho bakudi ke tsamaiso e bobebe e tlwaelehileng ya kamehla. Ha se ha ngata e ka bakang
kotsi.

O ka una molemo jwang?

Ka ho ba le seabo diphuputsong o tla thusa dingaka ho utlwisisa bohlokwa ba diphethoho tse etsahalang jineng ya NLRP7 le
KHDC3L tse bakang ho mela ha hlahala ya thari nakong ya bokgatjhane/kemaro eleng boemo bo getellang bo bakile
tahlehelo ya lesea le so belehwe.

Na o qobellwa ho ba le seabo?

Tjhee. Seabo sa hao diphuputsong ke sa boithaopo ebile ha ho kotlo kapa tahlehelo ya menyetla yeo tshwanetseng ka lebaka
la ho hana ho ikamahanya le diphuputso. O ka kgaotsa seabo sa hao neng kapa neng ha o ikutlwa ho etsa jwalo ha
diphuputso di ntse di tswela pele. Ha ho diphethoho tsa mofuta ofe kapa ofe tse tla latela phekolo ya hao ya kamora
diphuputso.

Ekaba seabo sa hao diphuputsong se tla bolokwa e le sephiri?

Matsapa a tla etswa kahohle ho baballa tshedimosetso ya monka-karolo e le sephiri. Leha ho le jwalo ha ho tiiseletso bakeng
sa ho boloka phethahalo ya sephiri sa bapallo ya tshedimosetso. Ditaba tse amanang le mokudi di ka hlahiswa ha ho hlokeha
ka molao. Mekgatlo e akaretsang Komiti ya Boitshwaro bakeng sa Diphuputso tsa Bongaka e ka lekola pokello ya sephetho
sa diphuputso. Mabitso a bakudi a ke ke a phatlalatswa pokellong le sephethong sa diphuputso.



Dipetho:

O na le tokelo ya ho kopa sephetho sa hlahlobo ya madi a hao. E baneng diphetho tsa hao di bontsha o na le di mutation tsa
di jini tse boletsweng, o ka fumana thlakiso e fetelletseng maisana le dijini tsa hao.

Moputso:
Ha ho ditjeo tse ekeditsweng tse tla lefuwa ke mokodi ka lebaka la ho ba le seabo. Dihlahlobo kaofela di tla etswa ntle le
ditjeo tse ekeditsweng ho mokodi empa di tla lefuwa ke Lefapha la Hlahlobo ya Madi. Ha ho tefo e lebeletsweng bakeng sa
ho ba le seabo diphuputsong.
Bakeng sa dintlha ka botlalo?
Haeba o hloka tshedimosetso e phethahetseng iteyanye le nna:

Dr. W Vergottini

Cell: 082 886 6199
E-mail: vergottini@live.com

Haeba o dumela ho ba le seabo diphuputsong ka kopo saena foromo ya tumellano/kutlwisisano e legepheng le kahodimo.



APPENDIC C: Primer sets NLRP7 and KHDC3L component

Forward and reverse primer sets for NLRP7

Fragments Thermo Fisher Cat Sequence Amplification size Annealing
No./Lot No. temperature

Exon 1 A15629 — HS00357897 | FWD — AAA TCA AAG ATCCTT CCAGCATCCT 512 bp 61°C
A15630 — HS00357897 | REV — GTT TTT AAA GCT GGG AGC CAG GTA

Exon 2 A15629 — HS00357896 | FWD — AGG ACA CCC CAG GTT CTA CTT AC 490 bp 61°C
A15630 — HS00357896 | REV - GCT GGG CCA GAT TTT CAG TCT CT

Exon 3 A15629 — HS00546856 | FWD — CCA GAA ATG AAT AAA ACC AGG AAG AAG TG 247 bp 61°C
A15630 — HS00546856 | REV — CTG GCT GAC ACT TTA TGT ACA ATA ATG TCT

Exon 4A A15629 — HS00812246 | FWD — GTT GCA GTC TGT CCA GTC CA 272 bp 58oC
A15630 — HS00812246 | REV — CAA CTG TCC TAT GGG CTG TCA

Exon 4B A15629 — HS00357890 | FWD — CAG GAA GCC CTC CACCCT TA 496 bp 58°C
A15630 — HS00357890 | REV — CTT GAA TCC CAG AAC ACC CAG GAA

Exon 4C A15629 — HS00357889 | FWD — GAA CAG ACG GAG GTC GGA CT 495 bp 58°C
A15630 — HS00357889 | REV — GGG AGT TTG CTG AAG AGG AAG

Exon 4D A15629 — HS00357888 | FWD — GAA GAT GTG CTT TGC ATT GCA GCA ATT 498 bp 580C
A15630 — HS00357888 | REV — GGC TGT TCC TGC GTT TCCTCT G

Exon 4E A15629 — HS00357887 | FWD — CCA GCC AGA GGG AAATTCTGA C 491 bp 580C
A15630 — HS00357887 | REV- GAA CCC CGA CCT GAT TCA AG

Exon 5 A15629 — HS00591835 | FWD — TCA GGG TCT TCCTTG CAAGAT G 272 bp 61°C
A15630 — HS00591835 | REV — GGT ACT AGT CCT AAG AGA TGA ACG TGT

Exon 6 A15629 — HS00573473 | FWD — CAA CAC GGT GCA GTG GAC 262 bp 61°C
A15630 — HS00573473 | REV — ATC ACT CCA AGT GGA ATCTCT TCT G

Exon 7 A15629 — HS00551367 | FWD — TCT ATA GCC CCA GAA CTA AACCAGA 272 bp 61°C
A15630 — HS00551367 | REV — GGG TAT ACT CTG TCC TCC CAG AA

Exon 8 A15629 — HS00815906 | FWD — TCT CTC CTG CTT GAA TTC ATG TGC 274 bp 61°C
A15630 — HS00815906 | REV - AGT TGT GGA AAT GTT CTCATCCTT CTAC

Exon 9 A15629 — HS00799516 | FWD — TAC CGT AGG TGT TTT AGGTTACAGTTT G 236 bp 61°C
A15630 — HS00799516 | REV — ATA ACT GCT TCA CAG GGC GTT

Exon 10 A15629 — HS00759579 | FWD — AAC CCA TAC CTG AGT ATC TTC AAG GA 230 bp 61°C
A15630 — HS00759579 | REV — GCC ACT ACC TGC TCA GTG AAT
A15629 — HS00708315 | FWD — TCT GAC CTG CAT TCATAAGACATCTTIAG

Exon 11 274 bp 61°C

A15630 — HS00708315

REV — TTC AGG CAT CCT GGG TAG TTG




Forward and reverse primer sets for KHDC3L

Fragments Thermo Fisher Cat e . . Annealing
No./Lot No. Sequence Amplification size temperature
Exon 1 A15629 — HS00277217 FWD — ATA AGA AGG GCG CGG CTA GA 366 bp 60°C

A15630 — HS00639676 REV — ATG GGT GGC AGA AAG AAG CC

Exon 2 A15629 — HS00773004 FWD — CTC ACA GCC TCT CTG CTA CC 238 b 60°C
A15630 — HS00773004 REV - GCT CCA GGT AGC CCT ATT CC P

Exon 3A A15629 — HS00277219 FWD — TCT GGG ATT TCT GGC TCC TACTC 508 b 58°C
A15630 — HS00277219 REV — TAT GAA GGC ATC TCA GGC CCT GG P

Exon 3B A15629 — HS00277220 FWD — AAA ATC CAC ATC CTC TCC CCA ACC 497 b 580C
A15630 — HS00277220 REV — ATG CGC GCG GTT AAG GAG TA P
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8.5. The licensing transaction described in the Order Confirmation document shall be governed by and construed
under the law of the State of New York, USA, without regard to the principles thereof of conflicts of law. Any
case, controversy, suit, action, or proceeding arising out of, in connection with, or related to such licensing
transaction shall be brought, at CCC's sole discretion, in any federal or state court located in the County of New
York, State of New York, USA, or in any federal or state court whose geographical jurisdiction covers the
location of the Rightsholder set forth in the Order Confirmation. The parties expressly submit to the personal
jurisdiction and venue of each such federal or state court.If you have any comments or questions about the
Service or Copyright Clearance Center, please contact us at 978-750-8400 or send an e-mail to
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Authors
Submit manuscript >>
International  Journal of  Gynecological

Cancer (IJGC), the official journal of the
International Gynecologic Cancer Society and the
European Society of Gynaecological Oncology, is
the primary educational and informational
publication for topics relevant to detection,
prevention, diagnosis, and treatment of
gynecologic malignancies. ZJJGC emphasizes a
multidisciplinary approach, and includes original
research, reviews, and video articles. The
audience consists of gynecologists, medical
oncologists, radiation oncologists, radiologists,
pathologists, and research scientists with a special
interest in gynecological oncology.

e Submission Policies

e Article Types

o Editorial Policies

e Article Processing Charges

Questions? Contact ijgc@jjeditorial.com
Submission Policies
For guidelines on policy and submission across our
journals, please click on the links below:
e Manuscript Preparation
Editorial Policies
Patient Consent Forms
License Forms
Peer Review
Submission and Production Processes

Authors may find it useful to consult our pre-
submission checklist. Please review the article
type requirements below and the Author Guide,
prior to submitting your manuscript or revision.

Institutional Review Board Approval
Every research article, including every submitted
article involving human participants, requires a
statement of ethical or institutional review board
approval within the manuscript text. Furthermore,
a formal letter of ethical or institutional review
board approval must be uploaded along with the
manuscript files at initial submission. Find more
information about ethical approval.

Author’s Response

When submitting a revision, please include an
Author’s Response to the reviewers’ comments.
Please list each comment from each reviewer and
provide a point-by-point response indicating how
the comment has been addressed and the specific
page(s) and line number(s) where the change was
made in the manuscript text file. Additionally,
please copy and paste the changed text in the
Author’s Response.

An example is below:

Reviewer 1, Comment 1: Please clarify what you
mean by “borderline pathology.”

Author’'s Reply: We have clarified this in the
Methods section on page 6, lines 4-5.

Modified Text: “Patients with borderline mucinous
and serous tumors were more likely to be partially
satisfied, not satisfied or not at all satisfied
compared to patients with cancer (p=0.027).”
Please note that authors may be required to

provide data or cited works upon request for
purposes of peer review.

Please note the following regarding the use of
abbreviations for JJGC.

Abbreviations are always allowed for:
e Units of measure
e Clinical trial names
e Any name of a gene (e.g., BRCA) or
serologic market (e.g., CA125)

Abbreviations are allowed but must be spelled out
at first use for:

e Statistical terms (SPSS, Stata)

e The following organizations: NCI, WHO,
FDA, CDC

e The following terms: HPV, Pap, MRI, USG,
CT, PET/CT, HNPCC, HIPEC, RIFLE, FDG,
EGOG, SLN, NCCN, FIGO, AUC, VIN, dVIN,
HSIL, STIC, EOC, HGSC, and SCS

Abbreviations cannot be used — and must be
spelled out at each use for the following: UVA,
MAV, DFS,PFS, OS, OCCC, CRS, PCI, AKI, PCN,
IRIS

The word count excludes the title page, abstract,
tables, acknowledgements and contributions and
the references. If you are not a native English
speaker and would like assistance with your article
there is a professional editing service available.

The IJGCis not currently accepting submissions
on breast cancer. Additionally, given the high
volume of submissions on the subject of HPV and
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pre-invasive disease of the lower genital tract, we
will restrict consideration for review and ultimate
publication to those manuscripts reflecting novel
data from either large prospective trials or high-
level scientific multi-institutional efforts reflecting
a high number of patients. We will also give higher
priority to work that is impacting a segment or
region of the world where HPV has been limited.
Manuscripts reflecting findings that have already
been published by others with similar results will
not be considered for review and will be returned
to authors.

When a paper has been submitted from the Editor,
Deputy or Associate Editors’ departments, they
have no role in the reviewing or decision-making
process. This also applies to any Associate Editors
who are authors, in which instance the reviewing
process is handled by the Editor in Chief.

Industry Authorship

The 1IJGC encourages the submission of
manuscripts  outlining results of research
conducted in collaboration and/or supported by
industry  partnership.  Manuscripts ~ where
authorship is shared among investigators both
involved or uninvolved with industry sponsors will
be evaluated in detail for compliance with updated
Conflict of Interest statements. In addition, the
number of authors who are directly or indirectly
strictly linked with a company or pharmaceutical
will be limited to no more than two authors. All
authors must be in agreement with the final
submission of such manuscript, and such authors
shall agree to provide raw data if so requested by
either Editorial team or Reviewers. Manuscripts
exclusively  written by members of a

pharmaceutical company without any input from
medical/surgical collaborators will not be
considered for review.

File Formats

When submitting to IJGC, please ensure all files
are submitted correctly with the corresponding file
types selected. Doing so can help reduce the
amount of time before your paper receives a
decision.

Specific Examples:

e All tables should be submitted in the
manuscript document after the references
section. The main manuscript document
(with tables) file should be in Word doc
format.

e Each figure should be uploaded as a
separate “Image” file. Figures may be in
TIFF, EPS, PDF, or JPEG format.

e Highlights should be uploaded in one
“Highlights” file. The Highlights document
should be in Word doc format.

Dr. Pedro Ramirez, 1JGC's Editor-in-Chief, provides
authors  with  detailed instructions and
considerations for preparing a manuscript for
submission to IJGC.

Article Types

e Original research
Review
Case study
Letter
Editorial
Video article
Clinical trial

e Corners of the world

Original research

Our intent is to publish high quality research as it
relates to clinical trials, outcome analyses,
translational research, cost utility analyses, etc.
Meta-analyses and literature reviews should be
submitted as Original Articles and require
a PRISMA  Checklist.  Authors should use
the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) system for
grading evidence when submitting a clinical
guidelines article.

Original research should include a structured
abstract of no more than 300 words with the
following subsections: Introduction, Methods,
Results and Discussion. The manuscript text
should have the following headings: Introduction,
Methods, Results and Discussion.

Original research should also include a Precis of
200 characters, which should briefly provide
information on the value and impact of the study.
Authors should also submit 3 Highlights of no
more than 100 characters each, outlining the key
findings and impact of the study. Authors may also
include supplemental figures and tables.

Word Count: up to 2,700 words

Abstract: up to 300 words

Tables/Figures: up to 5 tables and/or figures
References: up to 35

Authors: up to 40 (o more than 8 from a single
institution)
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Review

Review articles will address a topic of major
interest in the field of gynecologic oncology and
should include an unstructured abstract of no
more than 300 words and a Precis of no more than
200 characters. The Precis should briefly provide
information on the value and impact of the study.
Authors may also include supplemental figures
and tables.

Abstract: up to 300 words

Word Count: up to 5,000 words
Tables/Figures: up to 7 tables and/or figures
References: up to 50

Authors: up to 5

Case study

By invitation only, Case Studies include a specific
case of interest in the field of gynecologic
oncology, a question and answer, and a
discussion. They are limited to five authors total
with two presenters, one discussant, one
pathologist, and one radiologist.

Abstract: none

Word Count: up to 2,500

Tables/Figures: up to 1 table and 4 figures
References: up to 10 references

Authors: up to 5

Letter

Letters should be a short and concise
communication commenting on a recently
published Original Article in the Journal or
commenting on a controversial current issue of
concern to the readership. The letters must be

submitted within 1 month of publication of
the Original Article in question. A Letter to the
Editor is not a site for publication of original
results. A statement of potential sources of conflict
of interest must accompany the letter and may be
published along with the letter. The Editorial Board
reserves the right to decline publishing insulting or
inflammatory comments in letters to the editor.

Word Count: up to 200
References: up to 5
Authors: up to 3

Editorial

By invitation, Editorials have a limit of 500 words
and a limit of 2 authors, and 5 references,
including the article in question.

Word count: up to 500
References: up to 5
Authors: up to 2

Video article

This exciting new feature focuses on high-quality
videos that includes any educational topic in
Gynecologic Oncology. I1JGC's aim is to
provide gynecologic oncologists around the world
with a unique educational opportunity using
multimedia. Video articles may focus on

radiological imaging, ambulatory procedures,
pathology,  surgical  anatomy,  exposure,
innovation, reconstruction, step-by-step-

procedures, complications and resolutions, as well
as anatomic variations, tips and tricks in
gynecologic oncology, robotics, or new devices.
Video Articles may also illustrate ways of

improving surgery in developing countries or
implementing surgery in scenarios with low
resources. Videos that have been presented at a
meeting are eligible to be submitted to IJGC.

A video article should include a video that is
between 5 and 8 minutes in duration and no
larger than 350 MB. The video must be narrated
in English and should not include music. The video
may include slides, not exceeding 2 minutes in
total. The first slide of the video must include the
submission title and the authors’ name(s) and
institution(s). The last slide of the video must
include the conclusions and acknowledgments.
Whenever a video article shows a surgical
procedure, it is recommended to add within the
video (or as supplementary material) two tables
showing the specific material needed and a
summary of tips for carrying out the procedure.
An individual high quality still image of the video
should also be submitted that illustrates the
technique demonstrated in the video. Additionally,
the manuscript text should only be an
unstructured summary of no more than 350
words, and must include references, no more than
4. Please list the length (in minutes), the size (in
megabytes), and the type of video file (.mov,
.mpg, .avi, or .mp4) in the title page. Video articles
have a limit of 6 authors. Please include a caption
for the video at the end of the manuscript text.

We encourage authors to include text and
drawings in the video showing and pointing out
the anatomical structures as well as schemas
either of the procedure or the surgical field.
Attractive educational content along with a high
quality video and sound are greatly appreciated at



the time of the evaluation. Authors are
encouraged to contact IJGC's Video Editor Luis
Chiva (Ichiva@unav.es) for any questions or
assistance with creating a Video Article.

Summary: up to 350 words
References: up to 4
Authors: up to 6

Length: up to 8 minutes
File size: up to 350 MB

Clinical trial

These articles will look at ongoing clinical trials in
the field of gynecologic oncology. The articles
must have a main objective and the studies must
have and/or be accruing patients. The articles
should include an Introduction, explaining the
rationale for the study; a Methods section
(inclusion and exclusion criteria for the study must
be clearly outlined), detailing the study design;
and a Discussion section, describing how the study
may change current standards of care and
practice. Authors may also include supplemental
figures and tables.

Word Count: up to 2,500 words
Tables/Figures: up to 5 tables and/or figures
References: up to 15

Authors: up to 30

Detailed instructions are below:

Abstract
Please use all of the subheadings listed below.
e Background (2 sentences)
e Primary Objective(s) (1-2 sentences).
Please do not include

secondary/exploratory
abstract

e Study Hypothesis (1 sentence)

e Trial Design (3-4 sentences)

e Major Inclusion/Exclusion Criteria (2-3
sentences)

e  Primary Endpoint(s) (1-2 sentence)

e Sample Size

e Estimated Dates for Completing Accrual
and Presenting Results

e Trial Registration

objectives  in

Manuscript
Introduction (Heading)
e Should include brief background,
rationale, and hypothesis (3-4
paragraphs)

Methods (Heading)

Trial Design (Subheading)
e Description of trial design/treatment plan
e Include funding source (if applicable)
e Setting including participating
organizations and number of sites
e Include study schema as a figure

Participants (Subheading)
¢ Inclusion/exclusion criteria (major)
e Can be more detail than abstract but do
not get into minutia

Primary Endpoints (Subheading)
e Include primary and secondary
objective(s) and endpoints
e Important translational/exploratory
endpoints (but not all)

Sample Size (Subheading)
e How sample size was determined
e When applicable, explanation of any
interim analyses and stopping guidelines

Randomization and
(Subheading) (if applicable)
e Method used to generate the random
allocation sequence
e Type of randomization
e If done, who was blinded after
assignment to interventions (for example,
participants, care providers, those
assessing outcomes) and how

blinding

Statistical Methods (Subheading)
e Brief details of analysis of primary and
secondary endpoints (1-2 paragraphs)

Discussion (Heading)
e Brief summary of expected results and
how they will change practice

Corners of the world

A brief article highlighted those in the field of
gynecologic oncology who are doing impactful
work in either their local community or
abroad. IJGC's goal is to show the global scope of
our mission and to excite other who are doing
great work. Though there is a limit of 5 authors
for the article, an Acknowledgements list for those
involved in the work may be included.

Abstract: none

Word Count: up to 500 words

Tables/Figures: up to 3 figures

References: none
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References: up to 5

Editorial Policies

IJGC aims to operate a fast submission and review
process, to ensure timely, up-to-date research is
available worldwide. Submissions should be made
through the Journal’s online submission
system, here. Articles should not be under review
by any other journal when submitted to ZJGC.

IJGC adheres to the highest standards concerning
its editorial policies on publication ethics, scientific
misconduct, consent and peer review criteria. To
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Adherence to data nomenclature, -sharing and clinical trial reporting is man datory, please consult Editorial Policies.

Cowver Letter

Authors should provide a cover |etter that includes the affiliation and contact information for the corresponding author. Authors should briefly discussthe
importance of the work and explain why it is considered appropriate for the diverse readership of the journal. The cover letter must state the material is
original research, has not been previously published and has not been submitted for publication elsewh ere while under consideration. If the manuscript has
been previously considered for publication in another journal, please includethe previous reviewer comments, to help expedite the decision by the Editorial
team. Please alsoinclude a Conflict of Interest statement, see Editorial Policies for more details.

Format
Please note: Page allowance is calculated on margins of 3 cm all-round, double line spacing throughout {including references but not title page) and
font/size of Times New Roman 1 2pt {or equivalent).

Title Page
Thetitle page should contain:
e Titleof the paper- brief, informative, of 145 characters or less and should not make a statement or conclusion
®  Running title— should convey the essential message of the paper in nomorethan 50 characters, Should not contain any abbreviations
Please note — the running head for a manuscript onall pages after the title page will be the shortened manuscript title followed by an ellipsis.

e Authors should disclose the sources of any support for the work, received in the form of grants and/or equipment and drugs.

*  Full names of all the authors and their affiliations, aswell as the e mail address of the corresponding author. If authors regard it as essential to
indicate that two or more co-authors are equal in status, they may be identified by an asterisk symbol with the caption ‘These authors
contributed equally to this work’ immediately under the address list.

Group Authorship/Collaborations - Please note that if in the list of authors you wish toinclude additional authors/collaborators/
groups/consortiums that aren’t part of the core list of authors as ‘on behalf of’, for the’ or ‘representing the’ you need to ensure you list the
authors correctly within the paper to ensurethese are deposited correctly in PubMed.
- Groups wherethereisan ‘on behalf of’, or ‘representing the’, or for the’ will appear in the HTML/PDF as follows: Author A, Author B,
Author € and Author D on behalf of...
The list of individual members should then appear in the Acknowledgements section and not under Notes or Appen dix
- A Group namewhoisan author in its own right should have the list of authors as usual and then all the individual authors of thegroup
listed in their own section at the end of the article, NOT in Acknowledgement/Appendix or Notes

Abstract
Articles, Reviews and Brief Communications must be prepared with an unstructured abstract designed to summarise the essential features of the paperin a
logical and concise sequence. 3-6 Keywords should also be included on this page.

Introduction
TheIntroduction should assumethat the reader is knowledgeable in the field and should therefore be as brief as possible but can include a short historical
review where desirable.

Materials (Subjects) and Methods

This section should contain sufficient detail, so that all experimental procedures can be reproduced, andinclude references. Methods, however, that have
been published in detail elsewhere should not be described in detail. Authors should provide the name of the manufacturer and their location for any
specifically named medical equipment andinstruments, and all drugs should be identified by their pharmaceutical names, and by their trade name if
relevant.

Results
The Results section should briefly present the experimental data in text, tables or figures. Tables and figures should not be described extensivey in thetext,
either.

Discussion

The discussion shouldfocus on the interpretation and the significance of the findings with concise objective comments that describe their relation to other
work in the area. It should not repeat information in the results. The final paragraph should highlight the main conclusion(s), and provide some indication of
the direction future research shouldtake.

Acknoviedgements
These should be brief, and should include sources of technical assistance, critical advice or other assistance, which contributedto the final manuscript.

Conflict of Interest
Authors must declare whether or not there are any competing financial interests in relation tothe work described. This information must beincluded at this
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stage and will be published as part of the paper. Conflict of interest should be noted in the cover letter and also on thetitle page. Please see the Conflict of
Interest documentation in the Ediitorial Policy section for detailed information.

Funding

The funding section is mandatory. Authors must declare sources of study funding including sponsorship {e.g. university, charity, commercial organization)
and sources of material {eg. novel drugs) not available commercially. If nofinancial assistance was received in support of the study, pleaseinclude a
statement tothisfac here.

References

Only papers directly related to the article should be cited. Exhaustive lists should be avoided. Referen ces should follow the Vancouver format: see additional
examples below. In the text they should appear as numbers starting at one and at the end of the paper they should be listed { double-spaced) in numerical
order corresponding to the order of citation in the text. Where a reference isto appear next to a number in the text, for example following an equation,
chemical formula or biological acronym, citations should be written as {ref. X} and not as superscript. Example “detectable levels of endogen ous Bcl-2 {ref.
3), as confirmed by westem blot”

All authors should be listed for papers with up to six authors; for papers with more than six authors, the first six only should be listed, followed by et d.
Abbreviations for titles of medical periodicals should conform to those usedin the latest edition of Index Medicus. The first and last page numbers for each
reference should be provided. Abstracts and letters must be identified as such. Papersin press may be included in the list of references.

Personal communications can be allocated anumber and included in the list of references in the usual way or simply referred to in the text; the authors may
choose which methodto use. In either case authors must obtain permission from the individual concerned to quote his/her unpublished work.

Examples:
tournal article:
Belkaid Y, Rouse BT. Natural regulatory T cellsin infectious disease. Nat immunal 2005; 6: 353-360.

tourndl article, e-pub ahead of print:
Bonin I, PurscheS, Bergeman T, Leopold T, Ilimer T, Ehninger G et a/. F-ara-A phar ki during reduced-intensity diti therapy with
fludarabine and busulfan. Bone Marrow Transplant. 2007; e-pub ahead of print 8 January 2007; doi:10.1038/sj.bmt.1705565

tfoumnal article, in press:
Gallardo RL, Juneja HS, Gardner FH. Normal human marrow stromal cells induce clonal growth of human malignant T-lymphoblasts. st Cell Cloning (in
press).

Compiete hook:
Atkinson K, Champlin R, Ritz J, Fibbe W, Ljungman P, Brenner MK {eds). Qinical Bone Marrow and Blood Stem Cell Transplantation, 3rd edn. Cambridge
University Press: Cambridge, UK, 2004,

Chapter in hook:
Coccia PF. Hematopoietic cell transplantation for osteopetrosis. In: Blume KG, Forman SJ, Appelbaum FR {eds). Thomas' Hematopoietic Cell Transplantation,
3rd edn. Blackwell Publishing Ltd: Malden, MA, USA, 2004, pp 14431454,

Abstract:
Syrjala KL, Abrams IR, Storer B, Heiman JR. Prospective risk factors for five-year sexuality late effects in men and women after haematopoietic cell
transplantation. 8one Marrow Transpiant 2006; 37(Suppl 1): 54 (abstract 107).

Correspondence:
Caocci G, Pisu S, Overcoming scientific barriers and human prudence [letter]. 8one Marrow Transplant 2006; 38: 829-330.

Figure Legends
These should be brief, specific, appear on a separate manuscript page after the References section.

Tables

Tables should only be used to present essential data; they should not duplicate what iswritten in the text. It is imperative that any tables used are editable,
ideally presented in Excel. Each must be uploaded as a separate workbook with a title or caption and be clearly labelled, sequentially. Please make sure each
table s cited within the text andin the correct order, e.g. (Table 3).

Please save the files with extensions.xls / .xlsx / .ods / or .doc or .docx. Please ensure that you provide a 'flat' file, with single values in each cell with no
macros or links to other workbooks or worksheets and no calculations or functions.

Figures

Figures and images should be labelled sequentially and cited in the text. Figures should not be embedded within the text but rather uploaded as separate
files. The use of three-dimensional histograms is strongly discouraged unless the addition of the third dimension is important for conveying the results.
Composite figures containing more than three individual figures will count as two figures. All parts of a figure should be grouped together, Where possible
large figures andtables should be included as supplementary material,

Detailed guidelines for submitting artwork can be found by d | oadi t el PDF. Using th idel please submit production quality artwork
with your initial online submission. If you have followed the guidelines, we will not require the artwork to be resubmitted following the peer-review process,
if your paper is accepted for publication.
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Colour Charges
Thereisa chargeif authors choose to publish their figures in colour in print publication {which includes the online PDF}:

” Number of colour illustrations ‘ 1 H 2 “ 3 H 4 ‘ 5 ‘ 6 ‘ 7+ “
[ ]
Cost Rest of world £573 £852 £1,132 £1,303 £1,473 £1,619 £146 per additional
UsA $383 $1,313 $1,745 $2,007 $2,270 $2,496 $226 colour figure
| Il Il |

{VAT or local taxes will be added where applicable)

Colour charges will not apply to authors whowish to have their figures in colour online only {HTML version of the article but NOT the PDF. If you wish figures
to appear in colour in the PDF, colour charges apply). Authors must supply colour versions separately as supplementary information and need to statein the
Cover Letter at submission that they would like their figures in colour on the web version of their paper.

Colour charges will NOT apply to authors who choose to pay an artide processing charge to make their paper open access.

Graphs, Histograms and Statistics:
*  Plotting individual data points is preferred to just showing means, especially where N<10
* Iferror bars are shown, they must be described in the figure legend
e Axesongraphs should extend to zero, except for log axes
e Statistical analyses {including error bars and pvalues) should only be shown for indepen dently repeated experiments, and must not be shown for
replicates of a single experiment
*  Thenumber of times an experiment was repeated (N} must be stated in the legend

Standard abbreviations

Because the majority of readers will have experience in genetics andgenomics, the journal will accept papers which use certain standard abbreviations
without definition in the summary or in the text. Non-standard abbreviations should be defined in full at their first usage in the abstract, and again at the
first usage in thetext, in the conventional manner. If a term is used 1-4 times in thetext, it should be defined in full throughout thetext andnot
abbreviated.

Supplementary Information

Supplementary information is material directly relevant tothe conclusion of an article that cannot be included in the printedversion owing to space or
format constraints. The article must be complete and self- | ywithout the I ary Information, which is posted on the joumal's website and
linked to the article. Supplementary Information may consist of data files, graphics, movies or extensive tables. Please see our Artwork Guidelines for
information on acceptedfile types.

Authors should submit supplementary information files in the FINAL format as they are not edited, typeset or changed, and will appear online exactly as
submitted. When submitting Supplementary Information, authors are requiredto:

* Include a text summary {no morethan 50 words) to describe the contents of each file.

e |dentifythe types of files (file formats) submitted.

Please note: We do not allow the resupplying of Supplementary Information files for style reasons after a paper has been exportedin production, unless
thereis a serious error that affects the science and, if by not replacing, it would lead to a formal correction once the paper has been published. In these
cases we would make an exception and replace the filg however there are very few instances where a Supplementary Information file would be corrected
post publication.

Video summaries

EIHG allows authors to include video presentations as part of their publication in order to support and enhance their scientific research. Authors should
upload these videos as ‘Supplementary Material” upon submission of the final version of the manuscript or to the Editorial Office following acceptance, and
can refer to these within the body of the text. This can be donein the same way you would upload any other supplermentary information andthe file should
be clearly labelled ‘Video Presentation’, Please take note of the technical requirements listed below. Videos supplied will be published onlinein the
electronic version of your artide.

Tips for presentation:

1. Thevideo should introduce thetopic of the artide, highlight the main results and conclusions, discuss the current status and potential future

developments in thefield

2. Videos should be uploaded asSupplementary Material when submitting

3. Pleaseinclude a sentence or two to describe the file. This will accompany your video on the website

4. Writeyour script and practise first — explain any obscure terminology

5. Film in aquiet room against a plain {white if possible} background and ensure there is nothing confidential in view

6. Avoidusing background music

7. Includefigures, slides, video clips of the experiment, etc. to help explain your methods and results. Pleasetry toinclude a mixture of you talking
to the camera and slides - it is nice for viewers to see your face at times
Keep figures simple; don’t show raw data and ensure any text is legible. Do not include lots of small text or data that won’t be legible in a small
video player that’sthe size of a smartphone screen.
9. Please donot use images, music, or insignia in your video for which you do not own the copyright or have documented permission from the

copyright holder.

@

Technical requirements:
Videos should be no more than 8 minutes long, maximum 30MB in size so that they can be downloaded quickly - the combined total size of all
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supplementary files must not exceed 150 MB. Files should be submitted as .avi, .mov, .mp3,.mp4, .wav or wmf. Videos need to be in widescreen
{landscape), ideally 16x9 but 4:3 s also acceptable with a resolution of at least 640 x 360 pixels.

Any videos that are not in the correct format will not be published. Files will be viewed by the editorial office for quality; however the onus for creating,
uploading and editing the video falls on the author.

Subject Ontology

Upon submission authors will be asked to select a series of subject tenms relevant to the topic of their manuscript from our subject ontology. Providing
these terms will ensure your article will be more discoverable and will appear on appropriate subject specific pages on nature.com, in addition tothe
journal’s own pages. Your article should be indexed with at least one, and up to four unique subject termsthat describe the key subjects and conceptsin
your manuscript. Click here for help with this,

Language Editing

EJHG is read by scientists from diverse backgrounds and many are not native English speakers. In addition, the readership of £24G is multidisciplinary;
therefore authors need to ensure their findings are dearly communicated. Language and concepts that are well known in one subfield may not be well
known in ancther. Thus, technical jargon should be avoided as far as possible and clearly explained where its useis unavoidable. Abbreviations, particulary
those that are not standard, should also be kept to a minirum. The background, rationale and main conclusions of the study should be clearly explained
and understandable by all working in the field. Titles and abstracts in particular should be written in language that will be readily understood by all readers.

Authors who are not native speakers of English sometimes receive negative comments from referees or editors about the language andgrammar usagein
their manuscripts, which can contributeto apaper being rejected. To reduce the possibility of such problems, we strongly encourage such authors totake at
least one of the following steps.

. Have your manuscript reviewed for clarity by a colleague whose native language is English.

. Visiting the English language tutorial which covers the common mistakes when writing in English.

. Using a professional language editing service where editors will improve the English to ensure that your meaning is clear and identify problems
that require your review. Two such services are provided by our affiliates Nature Research Editing S ervice and American Journal Experts.

Please note that the use of alanguage editing serviceis at the author's own expense and does not guarantee that the article will be selected for peer review
or accepted

HOW TO SUBMIT

Pre-submission Enquiries
The Editor encourages authorsto submit manuscripts in full and aims to provide an efficient time to decision which, if the manuscript is deemed
unacceptable for the journal, allows authors to submit elsewhere without delay. Pre-submission enquiries should be sent to the editorial office:

eihe@lume.nl

Online Submission

We only accept manuscript suk via our gnline manuscript system, Before submitting a manu script, authors are encouraged to consult
both our Editorial Policies and the Subrmission Instructions for our online manuscript submission system. If you have not already done so, please register for
an sccount with our online manuscript system. You will be able to monitor the status of your manuscript online throughout the editorial process.

Summary of the Editorial Process

. The author submits a manuscript and receives a tracking number

. The editorial office performs an initial quality check on the manuscript to ensurethat the paper is formatted correctly

. The Editor-in-Chief is assighedtothe manuscript and decides whether to send out to review. If the decision is not to send out the manuscript for
review, the Editor-in-Chief contacts the author with the decision

. If the Editor-in-Chief decidesthe paper iswithin the Journal’s remit, the paper will be assigned to a Section Editor

. TheSection Editor selects and assigns reviewers. This can take some time dependant on the responsi and ity of the reviewers
selected

. Reviewers aregiven 14 days from acceptance to submit their reports. Once the required reports are submitted the Section Editor will make a
decision recommendation to the Editor-in-Chief based on the comments received

. The Editor-in-Chief will make the final decision

Authors are able to monitor the status of their paper throughout the peer review process

Peer Reviewr

To expedite the review process, only papers that seem most likely to meet editorial criteria are sent for external review. Papers judged by the editors to be
of insufficient general interest or otherwise inappropriate are rejected promptly without external review.

Manuscripts sent out for peer review are evaluated by at least one independent reviewer {often two or more). Authors are welcome to suggest
independent reviewers to evaluate their manuscript, however these must not be colleagues who are close associates, collaborators, or family members. By
policy, referees are not identified to the authors, except at the request of the referee.

Reviewer selection is critical to the publication process, andwe base our choice on many factors, based on expertise, reputation, and specific
recommendations. A reviewer may declinetheinvitation to evaluate a manuscript wherethere s a perceived conflict of interest (financial or otherwise).
Once a sufficient number of reviews are received, the editors then make a decision based on the reviewers' evaluations:

. Accept — The manuscript is appropriate to be accepted as it stands
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. Minor or Major revision - In cases wherethe editor determines that the authors should be able to address the referees’ concems in six months
or lessthe editor may request a revised manuscript that addresses these concems. The revised version is normally sent back tothe original
referees for re-review. The decision letter will specify a deadline for receipt of the revised manuscript and link via which the author should
uploadtothe online system
‘When submitting a revision authors are asked to upload (1) A rebuttal letter, indicating point-by- point how the comments raised by the
reviewers have been addressed. If you disagree with any of the points raised, please provide adequate justification in your letter. {2) A marked-
up version of the manuscript that highlights changes made in response tothe reviewers' comments in order to aid the Ediitors and reviewers, (3)
A'clean’ {non-highlighted) version of the manuscript.

. Reject with the option to resubmit — In cases wherethe referees’ concerns are very serious and appear unlikely to be addressed within six
months, the editor will normally reject the manuscript. If the editor feels the work is of potential interest tothe journal, however, they may
express interest in seeing a future resubmission. The resubmitted manuscript may be sent back to the original referees or to new referees, at the
editor’s discretion. If the author decides to resubmit, the updatedversion of the manuscript must be submitted online as a new manuscript and
should be accompanied by a cover letter that includes a point-by-point response to referees’ comments and an explanation of howthe
manuscript has been changed.

. Reject outright — Typically on grounds of specialist interest, lack of novelty, insufficient conceptual advance or major technical and/for
interpretational problems.

POST-ACCEPTANCE

Once a manuscript is accepted, the corresponding author must complete and sign a Licence to Publish form on behalf of all authors and return it to the
editorial office. Failure to promptly return the form will result in delay of publication.

Springer Nature does not require authors of original research papers to assign copyright of their published contributions. Authors grant Springer Nature an
exdusive licence to publish, in return for which they can re-use their papers in their future printed work. Springer Nature's author licence paze provides
details of the policy.

Standard Publication

Manuscripts published under the standard method of publication will be behind a paywall, requiring readers to pay toview the article, either via their
institutional or personal subscription or on a pay-per-view basis. Please click here for a copy of the standard Licence to Publish form.

Government employees from the United States and Crown are required to sign and submit the relevant license to publish form.

Open Access Publication {gold open access)

Upon acceptance, authors can indicate whether they wish to pay an optional article processing charge (APC) for their article to be made open access online
immediately upon publication. Open access artides are published under the CC-BY Creative Commons licence, which allows authors to retain copyright of
their work while making it open to readers.

The cost for open access publication in the European tournal of Human Genetics is £2,000/ $3,000/ €2,400 (VAT or local taxes will be added where
applicable).

To facilitate self-archiving Springer Nature deposits open access articles in PublMed Central and Europe PubMed Central on publication if the artide meets
the PMC deposition guidelines; full details of our deposition policies are found under the “Self-archiving, manuscript deposition, and digital preservation”
information here. Authors are also permittedto post thefinal, published PDF of their article on a website, institutional repository or other free public server,
immediately on publication.

Visit our gpen research site for further information about licenses, APCs, and our free OA funding support service:

®  About Creative Commons licensing
. Creative Commons license options and article processing charges (AP Csl for £uropean Journal of Human Genetics
. APC payment FAQs
*  Hdpin identifying funding for APCs
Editorial process for OA publication in hybrid journals
e Self-archiving and deposition of papers put OA

If authors opt to publish via the open access route then the comesponding author must complete and sign the Article Processing Charge (APC) payment
form andan open access License to Publish {LTP) form on behalf of all authors, andreturn these to the editorial office. These forms will be provided upon
acceptance of the article. Failure to promptly retum forms will result in delay of publication.

Government employees from the United States and Crown are requiredto sign and submit the relevant government open access license to publish form.

Please note with regards to payment that usual credit terms are 30 days from receipt of invoice. Failure to pay your invoice within the stated credit term
may result in the Open Access status of the paper being rescin ded, with the paper being placed behind the paywall. You may also be subject to such
penalties as restrictions on your ability to publish with Springer Nature in the future, involvernent of athird party debt collection agency andlegal
proceedings.

Compliance with op d
Springer Nature’s open access journals allow authors to comply with all funders' open access policies worl dwide. Authors may need to take specific actions
to achieve compliance with funder and institutional open access mandates.

Learn more about open access compliance.

Waiver of institutional open access policies
Please notethat Harvard University FAS, MIT, Princeton, UCSF, University of Hawaii at Man oa, California Institute of Technology {Caltech) and the Georgia
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Institute of Technology have enacted Open Access policies that conflict with our own policy for articles published viathe subscription route. If any
corresponding or contributing authors are from these institutions, you will need to provide a waiver from the institution of every affected author, which can
be obtained from the institution. This waiver should be submitted at the same time as the Licence to Publish form. This requirement does not apply to
articles published via the open access route.

Self-archiving and ipt d ition (green open access)

Authors of original research articles are encouraged to submit the author’s version of the accepted paper {the unedited manuscript) to a repository for
public release six months after publication. Springer Nature also offers a free, opt-in Manuscript Deposition Service for original research articles in order to
help authors fulfil funder and institutional mandates.

Learn more about self-archiving and manuscript deposition

E-Proofs

TheSpringer Nature e-proofing system enables authorsto remotely edit /correct your article proofs,

The corresponding author will receive an e-mail containing a URL linking to the e-proofing site. Proof corrections must be retumed within 48 hours of
receipt. Failure to do so may result in delayed publication. Extensive corrections cannot be made at this stage.

For moreinformation and instructions on how to use the e-proofing too please see here.

Advance Online Publication
Thefinal version of the manuscript is published online in advance of print. AOP represents the official version of the manuscript and will subsequently
appear unchanged, in print. AOP papers can now be found under the ‘Latest Research” section on the joumal website.

Offprints
Offprints may be ordered on the form accompanying the proofs. The charges are necessarily higher if orders for offprints are received after theissue has
goneto press.

Content Sharing

In order to aid the dissemination of research swiftly and legally to the broader community, we are providing all authors with the ability to generate a unique
shareable link that will allow anyone to read the published article If you have selected an Open Access option for your paper, or where an individual can
view content via a personal or institutional subscription, recipients of the link will also be able to download and print the PDF.

As soon asyour articleis published, you can generate your shareable link by entering the DOI of your article here: http://auth ors. springernature.corn/share

We encourage you to forward this link to your co-authors, as sharing your paper is a great way toimprove the visibility of your work. There areno
restrictions on the number of people you may share this link with, how many times they can view the linked article or where you can post the link online
Moreinformation on Springer Nature’s commitment to content sharing is available here

EDITORIAL POLICIES

Researchers should conduct their research — from research proposal to publication —in line with best practices and codes of conduct of relevant
professional bodies and/or national andinternational regulatory bodies.

Springer Nature is committed to upholding the integrity of the scientific record. As a member of the Committee on Publication Ethics (COPE), the European
tourndl of Human Genetics abides by COPE’s principles on how to deal with potential acts of misconduct, which includes formal investigation of all perceived
transgressions.

Authorship
Regquirements for all categories of articles should conform tothe “Uniform Requirements for Manuscripts Submitted to Biomedical Journals,” developed by

the ICMIE {www.icmie. org).

Each author must have contributed sufficiently to the intellectual content of the submission. The corresponding author should list all authors andtheir
contributions tothe work. Any changes to the author list after submission, such as a change in the order of the authors, or the deletion or addition of
authors, must be approved by a signed letter from every author. The corresponding author must confirm that he or she has had full access tothe data in the
stucly and final respon sibility for the decision to submit for publication.

To qualify as a contributing author, one must meet all of the following criteria:
1. Conceived and/or designed the work that led to the submission, acquired data, and/or played an important rolein interpreting the results.
2. Draftedor revised the manuscript.
3. Approved thefinal version.
4. Agreed tobe accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved

Contributions by individuals who made direct contributions to the work but do not meet all of the above criteria should be noted in the Acknowledgments
section of the manuscript. Medical writers and industry employees can be contributors. Their roles, affiliations, and potential conflicts of interest should be
included in the author list or noted in the Acknowledgments andy/or Contributors section concurrent with their contribution to the work submitted. Signed
statements from any medical writers or editors declaring that they havegiven pemission to be named as an author, as a contributor, or in the
Acknowledgments section is also required. Failureto acknowledge these contributors can be considered inappropriate, which conflicts with the journal’s
editorial policy.

Changes to Authorship
It is the corresponding author’s responsibility to ensure that the author list is correct at the point of first submission. Requests to change the authorship
{such asto include or exclude an author, change an author's name or contribution) must be accompanied by a letter signed by all authorsto show they
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concur with the change. New authors must also confirm that they fully comply with the journal's authorship requirements. Requests for addition or removal
of authors as a result of authorship disputes {after acceptance) are honoured after formal notification by the institute or indepen dent body and/or when
thereis agreement between all authors. Changes tothe authorship will not be allowed once the manuscript has been accepted for publication.

Correspondence with the Journal

Oneauthor is designated the contact author for matters arising from the manuscript (materials requests, technical comments and so on). It is this author's
responsibility to inform all co-authors of matters arising and to ensure such matters are dealt with promptly. Before submission, the cormesponding author
ensures that all authors are included in the author list, its order agreed upon by all authors, and are aware that the manuscript was submitted. After
acceptance for publication, proofs are e-mailed tothis corresponding author who should circulate the proof to all co-authors and coordinate corrections
among them

Anonymity and Confidentiality

Editors, authors and reviewers are required to keep confidential all details of the editorial and peer review process on submitted manuscripts. Unless
otherwise declared as a part of open peer review, the peer review process is confidential and conducted anonymously. All details about submitted
manuscripts are kept confidential and no comments are issued to outside parties or organizations about manuscripts under consideration or if they are
rejected. Editors are restricted to making public comments on a published article’s content and ther evaluation.

Upon accepting an invitation to evaluate a manuscript, reviewers must keep the manuscript and associated data confidential, and not redistribute them
without the journal’s permission. If a reviewer asks a colleagueto assist in assessing a manuscript, confidentiality must be ensured and their names must be
providedto the journal with thefinal report.

We ask reviewers not to identify themselves to authors without the editor's knowledge. If they wish to reveal their identities while the manuscript is under
consideration, this should be done via the editor; if this is not practicable, we ask authors to inform the editor as soon as possible after the reviewer has
revealed their identity. Our own policy isto neither confirm nor deny any speculation about reviewers' identities, and we encourage reviewers to adopt a
similar policy.

We deplore any attempt by authors to confront reviewers or try to determine their identities. Reviewers should be awarethat it is our policy to keep their
names confidential and that we do our utmost to ensurethis confidentiality. We cannot, however, guarantee to maintain this confidentiality in the face of a
successful legal action to disclose identity.

Regardless of whether a submitted manuscript is eventually published, correspondence with the journal, referees’ reports, and other confidential material
must not be published, disclosed, or otherwise publicised without prior written consent.

Conflict of Interest

In theinterests of transparency and to help readers form their own judzments of potential bias, authors must declare whether or not there are any
competing financial interestsin relation tothe work described. The corresponding author is responsible for submitting a conflict of interest statement on
behalf of all authors of the paper. This statement must be included in the cover letter and within the artide before the References section listed under
‘Conflict of Interest’,

In cases where the authors declare a competing financial interest, a statement to that effect is published as part of the article. If no such conflict exists, the
statement will simply read that the authors have nothing to disclose

For the purposes of this statement, conflicts of interest are defined as those of afinancial nature that, through their potential influence on behaviour or
content, or from perception of such potential influences, could undermin e the objectivity, integrity or perceived value of a publication. They can include any
of the following:

. Funding: Research support {including salaries, equipment, supplies, reimbursement for attending symposia, and other expenses by organizations
that may gain or lose financially through this publication. The role of the funding body in the design of the study, collection and analysis of data
and decision to publish should be stated.

. Employment. Recent (while engaged in the research project), present or anticipated employment by any organization that maygain or lose
finandially through this publication. This includes positions on an advisory board, board of directors, or other type of management relationship.

. Personal financidal interests: Stocks or shares in companies that may gain or lose finandally through publication; consultation fees or other forms
of remuneration from organisationsthat may gain or lose financially; patents or patent applications whose value may be affected by publication.

. Patents: Holding, or currently applying for, patents, relating to the content of amanuscript; receiving reimbursement, fees, funding, or salary
from an organization that holds or has appliedfor patents relating to the content of the manuscript.

It is difficult to specify a threshold at which a financial interest becomes significant, but note that many US universities require faculty membersto disclose
interests exceeding $10,000 or 5% equity in a company. Any such figureis arbitrary, so we offer as one possible practical alternative guideline: "Declare all
intereststhat could embarrass you were they to become publicly known after your work was published.” We do not consider diversified mutual funds or
investment trusts to constitute a competing financial interest,

The statement must contain an explicit and unambiguous statement, for each author, describing any potential conflict of interest, or lack thereof, for any of
the authors as it relates to the subject of the report. Examples include “Dr. Smith receives compensation as a consultant for XYZ Company,” “Dr. Jones and
Dr. Smith have financial holdings in ABC Company,” or “Dr. Jones owns a patent on the diagn ostic device described in this report.” These statements
acknowledging or denying conflicts of interest must be included in the manuscript under the heading Conflict of Interest. The Conflict of Interest disclosure
appears in the cover letter, in the manuscript submission process and before the References section in the manuscript.

. Conflict of interest.
The authors declare no conflict of interest.

*  Conflict of interest.
Dr Caron's work has been funded by the NIH. He has received compensation as a member of the scientific advisory board of Acadia
Pharmaceutical and owns stock in the company. He also has consulted for Lundbeck and received compensation. Dr Rothman and Dr Jensen
declare no potential conflict of interest.
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Neither the precise amount received from each entity nor the aggregate income from these sources needs to be provided.
Non-financial interests that authors may liketo disclose include:

. a dose relationship with, or a strong antipathy to, a person whose interests may be affected by publication of the article,

. an academic link or rivalry with someone whose interests may be affected by publication of the article,

. membershipin a political party or special interest group whose interests may be affected by publication of the article, or

. a deep personal or religious conviction that may have affected what the author wrote and that readers should be aware of when reading the
article.

Reviewers approached for assessment of submitted articles are also requested to declare conflicts of interest that may impede on their judgment of that
article. This specifically includes competing research in the same area that could be negatively affected by publication of the submitted article.

Clinical Trials

All clinical trials must be registeredin a public registry prior to submission andthetrial registry number must be included in the manuscript and provided
upon submission. The journal follows the trials registration policy of the ICMJE {www.icmje org) and considers only trials that have been appropriately
registered before submission, regardless of when thetrial closed to enrolment. Acceptable registries must meet the following ICMIE requirements:

. be publidy available, searchable, and open to all prospective registrants
. have a validation mechanism for registration data
. be managed by a not-for-profit organization

Examples of registries that meet these criteria include:

1. ClinicalTrials.gov the registry sponsored by the United States National Library of Medicine
thenternational Standard Randomized Controlled Trial Number Registry

the Cochrane Renal Group Registry

the European Clinical Trials Database

2 wn

Randomised Controlled Trials (RCTs) must adhere to the CONSORT statement, {CONsolidated Standards Of Reporting Trials) and submissions must be
accompanied by a completed CONSORT checklist {uploaded as a related manuscript file). Further information can be found at www.consort-statement.org,

NOMENCLATURE

Gene Nomenclature

Authors should use approved nomenclature for gene symbols, and use symbols rather than italicized full names {Ttn, not titin}. Please consult the
appropriate nomendature databases for correct gene names and symbols. Approved human gene symbols are provided by HUGO Gene Nomenclature
Committee {HGNC), www.genenames.org, Approved mouse symbols are provided by The Jackson Laboratory, www.informatics jax. ore/meihome/nomen.
For proposed gene names that are not already approved, please submit the gene symbols to the appropriate nomenclature committ ees as soon as possible,
as these must be deposited and approved before publication of an article

Avoid listing multiple names of genes {or proteins) separated by a slash, as in 'Oct4/PouSf1', asthis is ambiguous (it could mean a ratio, a complex,
alternative names or different subunits). Use one namethroughout and include the other at first mention: 'Oct4 (also known as PouSf1)'

Sequence variants
For sequence variants, both in nudeic acids and proteins, the £1HG supports the nomenclature recommendations of the Human Variome Project {Cotton RG

et al.2007. Nat Genet.39:433 www.nature com/npe/journal/v33/nd/full/ng 2024. htrnl

Variant descriptions should follow current recommendations of the Human Genome Variation Society (HGVS) -
onlinelibrary wiley. com/doi/full/10.1002/humu. 22981 - andtheir accuracy is the responsibility of authors. Please visit varnomen. hgvs.org/ for the latest

lature updates, for ples of acceptable I , guidance concerning reference sequences, or if you have further questions.

If alternative nomendature schemes are common in a specific field, they may be used in addition tothe approved nomendature, but they must be defined
unambiguously. Variants may be described using dbSNP identifiers {eg. rs123456:A>G}. All referen ce sequences used should begiven {Material and
Methods section and as a footnote in tables listing variantsj using GenBank Accession andversion number {eg. RefSeq NG_001234.2, NM_123456.3 or
UEB4321.1). Acceptance and/or publication may be delayed if the guidelines are not followed properly.

pl with HGVS 1 must be verified using tools such as Mutalyzer (mutalyzer.nl, instructions:
ithub. com/mutalyzer/mutalyzerfwiki/Mut alyzer explain.pdf) or VariantValidator (variantvalidator. org, instructions:
variantvalidator.org/batch _instructions/), freely available on the web. Errors should be corrected and the file resulting from the final check containing each
variant noted in your manuscript must be includedin your submission.

Submission of Data to Public Databases

Authors are required to submit all variants describedto a public database, e.g. the relevant gene variant database {or LSDE}, prior to acceptance. Authors
must confirm the status of database submission in their cover letter. In addition, authors should notein the manuscript {eg., Material and Methods section)
the database(s) to which they have submitted the variants and provide the URL. Further information and links to genevariant databases {or LSDB) can be
obtained from HGVS (http://fwwaw.havs.ong). Authors of papers describing structures of biological macr must provide i al data upon the
request of Editor if they are not already freely accessiblein a publicly available database such as ProteinDataBank, Biological Magnetic Resonance Databank,
or Nucleic Acid Database.
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Informed Consent

Publication of identifiable images from human research participants {or a parent or legal guardian for participants under the age of 16 years) must be
accompanied by a statement attesting that the authors have obtained consent to publication of theimages. If the participant is deceased, consent must be
sought from the next of kin of the participant. In all such instances, all reasonable measures must be taken to protect patient anonymity. Black bars over the
eyes are not acceptable means of anonymization. In certain cases, the journal may insist upon obtaining evidence of informed consent from authors. Images
without appropriate consent must be removed from publication.

d Other Animal
Research involving human subjects, human material, or human data must have been performedin accordance with the Declaration of Helsinki and must
have been approved by an appropriate ethics committee. A statement detailing this, including the name of the ethics committee and the reference number
where appropriate, must appear in all manuscripts reporting such research.

For primary research manuscripts reporting experiments on live vertebrates and/or higher invertebrates, the corresponding author must confirm that all
experiments were performed in accordan ce with relevant guidelines and regulations. The pt must include in tt ppl ary Information
{methods) section {or, if brief, within of the print/online artide at an appropriate place), a statement identifying the institutional and/or licensing committee
approving the experiments, induding any relevant details regarding animal welfare, patient anonymity, drug side effects and informed consent. Sex and
other characteristics of animals that may influence results must be described. Details of housing and husbandry must be included where they are likely to
influence experimental results. £/HG recommends following the ARRIVE reporting guidelines when documenting animal studies,

porting for il i d Meta-Analyses
Reports of systematic reviews and meta analyses should use the PRISMA statement as a guide, andinclude a completed PRISMA checklist and flow diagram
to accompany the main text. Blank template of the checklist and flow diagram can be downloaded from the PRISIMA website,

Biocinformatics and biostatistics
Guidelinesabout what is to be expected ofa ip
1. Appropriate validation of the methods using an independent dataset. New methods should be compared with the most important previous
methods, and in general, an advantage of the new method in at least one substantial aspect should be demonstrated,
2. Detailed explanation and motivation of the computational and statistical methods.
3. Desirabletohave website with demonstration of method or downloadable code with self-contained example.
4. Results of paper shouldideally be such that they can help to plan further experiments, generate testable hypotheses, or should be of major
biological or medical interest. Manuscripts that only present anecdotal usages of descriptive analyses (e.g. Gene Ontology over representation)
are discouraged.

that i ing biomedical data with

Cell Line Authentication
If human cell lines are used, authors are strongly encouraged to include the following information in their manuscript:

. the source of the cell line, including when and from where it was obtained,
. whether the cell line has recently been authenticated and by what method, and
. whether the cell line has recently been tested for mycoplasma contamination.

Further information is available from the International Cell Line Authentication Committee {ICLAC). We recommend that authors checkthe NCBI database
for misidentification and contamination of human cell lines,

Biosecurity Policy

The Editor may seek advice about submitted papers not only from technical reviewers but also on any aspect of a paper that raises concerns. These may
include, for example, ethical issues or issues of data or materials access. Occasionally, concerns may also relate to the implications to society of publishing a
paper, including threats to security. In such circumstances, advice will usually be sought simultaneously with the technical peer-review process. Asin all
publishing decisions, the ultimate decision whether to publish is the responsibility of the editor.

Reproducibility

The European Journal of Human Genetics requires authors of papers that are sent for external review toinclude in their manuscripts relevant details about
several elements of experimental and analytical design. This initiative aims to improve the transparency of reporting and the reproducibility of published
results, focusing on glements of methodological information that are frequently poorly reported. Authors being asked to resubmit a manuscript will be
asked to confirm that these elements are included by filling out a checklist that will be made available to the editor and reviewers.

Research Data Policy

We strongly encourage that all datasets on which the conclusions of the paper rely should be available to readers, We encourage authorsto ensurethat
their datasets are either deposited in publidy available repositories (where available and appropriate) or presented in the main manuscript or additional
supporting files whenever possible. Where one does not exist, the information must be made available to referees at submission andto readers promptly
upon request. Any restrictions on material availability or other relevant information must be disclosed in the manuscript’s Methods section and should
include details of how materials and information may be obtained.

Please seethe journals guiddines on Research Data policy here,

Misconduct

Springer Nature takes seriously all allegations of potential misconduct. As a member of the Committee on Publication Ethics (COPE), the European Joumal of
Human Genetics will follow the COPE guidelines outlining how to deal with cases of suspected miscondudt. As part of the investigation, the journal may opt
to do one or more of the following:

. suspend review or publication of a paper until the issue has been investigated and resolved;
*  request additional information from the author, including original data or images or ethics committee or IRE approval;
. make inquiries of other titles bdieved to be affected;
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. forward concerns to the author’s employer or person responsible for research governance at the author’s institution;

. refer the matter to other authorities or regulatory bodies {for example, the Office of Research Integrity in the US or the General Medical Council
inthe UK); or

. submit the case to COPE in an anonymized form for additional guidance on resolution.

Please notethat, in keeping with the journal’s policy of the confidentiality of peer review, if sharing of information with third parties is necessary, disclosure
will be made to only those Editors who the Editor believes may have information that is pertinent tothe case, andthe amount of information will be limited
to the minimum required.

Duplicate Publication

Papers must be original and not published or submitted for publication elsewhere. This rule also applies to non-English language publications.

Springer Nature allows and encourages prior publication on recognized community preprint servers for review by other scientists before formal submission
to ajoumal. The details of the preprint server concerned and any accession numbers should be included in the cover letter accompanying manuscript
subrnission. This policy does not extendto preprints available to the media or that are otherwise publicized outside the scientific community before or
during the submission and consideration process.

Springer Nature also allows publication of meeting abstracts before the full contribution is submitted. Such abstracts should be included with the journal
submission and referredtoin the cover letter accompanying the manuscript. Again this policy doesn’t extend to meeting abstracts and reports availableto
the media or which are otherwise publicised outside of the scientific community during the submission and consideration process.

Plagiarism

Plagiarism is when an author attempts to pass off someone else's work as his or her own. Duplicate publication, sometimes called self-plagiarism, occurs
when an author reuses substantial parts of his or her own published work without providing the appropriate references. This can range from getting an
identical paper published in multiple journals, to ‘salami-publishing’, where authors add small amounts of new data to a previous paper.

Plagiarism can be said to have clearly occurred when large chunks of text have been cut-and-pasted. Minor plagiarism without dishonest intent is relatively
frequent, for example, when an author reuses parts of an introduction from an earlier paper. Joumal editors judge any case of which they become aware
{either by their own knowledge of and reading about the literature, or when alerted by referees) on its own merits,

Springer Nature is a member of Similarity Check {formerly CrossCheck), a multi-publisher initiative used to screen published and submitted content for
originality. £#HG uses Similarity Check to detedt instances of overlapping and similar text in submitted manuscripts. To find out more about CrossCheck visit
hitps: /fwew.crossref. org fservi i ity-check/

If a case of plagiarism comes to light after a paper is published, the Journal will conduct a preliminary investigation, utilising theguidelines of the Committee
on Publication Ethics, If plagiarism is proven, the Journal will contact the author's institute andfunding agendes as appropriate. The paper containing the
plagiarism may also be formally retracted or subject to correction.

Data Fabrication & Falsification

Falsification is the practice of altering research data with the intention of giving a false impression. This includes, but is not limited to, manipulating images,
removing outliers or “inconvenient” results, or changing, adding or omitting data points. Fabrication is the practice of inventing data or results and recording
andj/or reporting them in the research record. Data falsification and fabrication call into question the integrity and credibility of data and the data record,
and as such, they are among the most serious issuesin scientific ethics.

Some manipulation of images is allowedto improve them for readability. Proper technical manipulation includes adjusting the contrast and/or brightness or
colour balancef it is appliedtothe complete digital image (not parts of theimage). The author should notify the Editor in the cover letter of any technical
manipulation. Improper technical manipulation refers to obscuring, enhancing, deleting and/or introducing new elements into an image. See Image Integrity
& Standards below for more details.

Permissions

If a table or figure has been published before, the authors must obtain written permission to reproduce the material in both print and electronic formats
from the copyright owner and submit it with the manuscript. This foll ows for illustrations and other materials taken from previously published works not in
the public domain. The original source should be cited in the figure caption or table footnote Pemnission toreproduce material can usually be obtained
through the Copyright Clearance Center.

Image Integrity and Standards

Images submitted with a manuscript for review should be minimally processed {for instance, to add arrows to a micrograph). Authors should retain their
unprocessed data and metadata files, as editors may request them to aid in manuscript evaluation. If unprocessed data is unavailable, manuscript
evaluation may be stalled until the issue s resolved.

A certain degree of image processing is acceptable for publication, but the final image must correctly represent the original data and conform to community
standards. The guidelines below will aidin accurate data presentation at the image processing level:

. Authors should list all image acquisition tools and image processing software packages used. Authors should document key image-gathering
settings and processing manipulations in the Methods section.

. Imagesgathered at different times or from different locations should not be combined into a single image, unless it is stated that the resultant
image s a product of time-averaged data or a time-lapse sequence. If juxtaposing images is essential, the borders should be clearly demarcated
inthe figure and describedin the legend.

. Touch-up tools, such as cloning and healing tools in Photoshop, or any feature that deliberately obscures manipulations, is to be avoided.

. Processing {such as changing brightness and contrast) is appropriate only when it is applied equally across the entire image and is applied equally
to controls. Contrast should not be adjusted so that data disappear. Excessive manipulations, such as processing to emphasize one region in the
image at the expense of others (for example, through the use of a biased choice of threshold settings), is inappropriate, as is emphasizing
experimental data relative to the control.

Revised 12/12/2019
evised 12/12/ SPRINGER NATHRE



For gelsand blats, positive and negative controls, aswell as molecular size markers, should be included on each gel and blot — either in the main figure or an
expanded data supplementary figure. The display of croppedgels and blots in the main paper is encouraged if it improves the clarity and conciseness of the
presentation. In such cases, the cropping must be mentioned in the figure legend.
e Vertically sliced gels that juxtapose lanes that were not contiguous in the experiment must have a clear separation or ablack line delineating the
boundary between the gels.
. Cropped gels in the paper must retain important bands.
. Cropped blots in the body of the paper should retain at least six band widths above and below the band.
. High-contrastgels and blots are discouraged, as overexposure may mask additional bands. Authors should strive for exposures with gray
backgrounds. Immunoblots should be surrounded by a black lineto indicate the borders of the blot, if the background is faint.
. For quantitative comparisons, appropriate reagents, controls and imaging methods with linear signal ranges should be used.

Microscopy adjustments should be appliedto the entire image. Threshold manipulation, expansion or contraction of signal ranges andthe altering of high
signals should be avoided. If ‘pseudo-colouring” and nonlinear adjustment (for example ‘gamma changes’) are used, this must be disclosed. Adjustments of
individual colour channels are sometimes necessary on ‘merged” images, but this should be noted in the figure legend, We encourage inclusion of the
following with the final revised version of the manuscript for publication:

. In the Methods section, specify the type of equipment {microscopes/objedive lenses, cameras, detectors, filter model and batch number) and
acquisition software used. Although we appreciate that there is some variation between instruments, equipment settings for critical
measurements should also be listed.

®  Thedisplay lookuptable {LUT} andthe quantitative map between the LUT andthe bitmap should be provided, especially when rainbow pseudo-
colour is used. It should be stated if the LUT is linear and coversthe full range of the data.

. Processing software should be named and manipulations indicated {such astype of deconvolution, three-dimensional reconstructions, surface
andvolume rendering, 'gamma changes!, filtering, thresholding and projection).

e Authors should state the measured resolution atwhich an image was acquired and any downstream processing or averaging that enhancesthe
resolution of theimage.

Communication with the M edia

Material submitted must not be discussed with the media. We reserve theright to halt the consideration or publication of a paper if this condition is broken,
If a paper is particularly newsworthy, the press release will be sent to our list of journalists in advance of publication with an embargo that forbids any
coverage of the manuscript, or thefindings of the manuscript, until the time and date clearly stated. Authors whose papers are scheduled for publication
may also arrange their own publicity {for instance through their institution’s press offices), but they must strictly adhere to our press embargo and are
advised to coordinate their own publicity with our press office.

Communication Between Scientists

We do not wish to hinder communication between scientists. We ask you to communicate with other researchers as much as you wish, whether on a
recognized community preprint server, by discussion at scientific meetings or by online collaborative sites such as wikis, but we donot encourage
premature publication by discussion with the press (beyond a formal presentation, if at a conference).

Pre- and Post-Submissions

Authors are welcome to post pre-submission versions or the original submitted version of the manuscript on a personal blog, a collaborative wiki or a
recognized preprint server (such as ArXiv or bioRXiv). Preprint posting is not considered prior publication and will not jeopardize consideration at £1HG.
Preprints will not be considered when determining the conceptual advance provided by a study under consideration at £1HG. Authors posting preprints are
asked to respect our policy on communications with the media.

Our policy on posting and citation of preprints of primary research manuscriptsis summarized below:

e Theoriginal submitted version of the manuscript (the version that has not undergone peer review) may be posted at any time, Authors should
disclose details of preprint posting, including DOI, upon submission of the manuscript to the journal.

. Preprints may be cited in the reference list as below:

Babichev, S. A, Ries, J. & Lvovsky, A. |. Quantum scissors: teleportation of single-mode optical states by means of a nonlocal single photon.
Preprint at http://arXiv. org/quantph/0208066 { 2002).

. If you have posted a preprint on any preprint server, please ensure that the preprint details are updated with a publication reference, including
the DOl and a URL to the published version of the article on the journal website.

. For subscribed content, the author accepted version of the manuscript, foll owing the review process, may only be posted 6 months after the
paper is published in a$pringer Nature joumal, consistent with our self-archiving policy. A publication reference and URL to the published
version on the journal website must be provided on the first page of the postprint. The published version — copyedited andin the individual
Springer Nature journal format — may not be posted on any website or preprint server, However, authors are encouraged to obtain a free
Sharedit link of their paper, which can be posted online and allows reackonly access.

Please notethat the Author’s Accepted Manuscript may not be released under a Creative Commons license. For our Terms of Reuse of archived
manuscripts please dick here.

. For open access content published under a creative commons license, authors can replace the submitted version with thefinal published version
at publication as long as a publication reference and URL to the published version on the journal website are provided.

Corredtion and Retraction Process

If there is suspicion of miscondud, the journal will carry out an investigation following COPE guideli ing an i igation, if the all raises
valid concerns, the author will be contacted andgiven an opportunity to address theissue If mi duct is blished beyond r ble doubt, this may
result in the Editor implementing one of the following measures.

. If the article is still under consideration, it may be rejected and returnedto the author.
. If the article has already been published online, depending on the nature and severity of the infraction, either a correction will be published
alongside the article or, in severe cases, complete retraction of the artide will occur. The reason for the correction or retraction must begiven.
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. In either case, the author’s institution or funding agency may be informed.

Content published as Advance Online Publication {AOP) is final and cannot be amended. The online and print versions are both part of the published record
hencethe original version must be preserved and changesto the paper should be made as a formal correction. If an error is noticedin an AOP article, a
correction should accom pany the article when it publishes in print. An HTML {or full-text} version of the comrection will also be created andlinked to the
original artide. If the error is found in an article after print publication the correction will be published online andin the next available print issue.

Please notethe following categories of corrections to print and online versions of peer reviewed content:
. Correction. Notification of an important error made by the journal or by the author that affects the publication record or the scientific integrity
of the paper, or the reputation of the authors, or of the joumal.
. Retraction. Notification of invalid results. All co-authors must sign a retraction specifying the error and stating briefly how the conclusions are
ffected.

Decisions about corrections are made by the Editor {sometimes with peer-reviewers' advice) andthis sometimes involves author consultation. Requeststo
make corrections that do not affect the paper in a significant way or impair the reader's understanding of the contribution {a spelling mistake or
grammatical error, for example) are not considered,

In cases where co-authors disagree about a correction, the editors will take advice from independent peer-reviewers and impose the appropriate
correction, noting the dissenting author{s) in the text of the published version.

FURTHER INFORMATION

For inquiries related to submission requirements, please contact gihg@lume.n|
Forinquiries related to advertising, subscriptions, permissions, papersin production or publishing a supplement, please contact the publisher’s office.
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SCOPE

The American Journal of Surgical Pathology
has achieved worldwide recognition for its
outstanding coverage of the state of the art
in human surgical pathology. In each
monthly issue, experts present original
articles, review articles, detailed case
reports, and special features, enhanced by
superb illustrations. Coverage encompasses
technical methods, diagnostic aids, and
frozen-section diagnosis, in addition to
detailed pathologic studies of a wide range
of disease entities.

ETHICAL/LEGAL CONSIDERATIONS A submitted manuscript must be an original
contribution not previously published (except as an abstract or a preliminary report), must not
be under consideration for publication elsewhere, and, if accepted, must not be published
elsewhere in similar form, in any language, without the consent of Lippincott Williams &
Wilkins. Each person listed as an author is expected to have participated in the study to a
significant extent. Although the editors and referees make every effort to ensure the validity of
published manuscripts, the final responsibility rests with the authors, not with the Journal, its
editors, or the publisher. Authors are encouraged to submit manuscripts on-line through
the journal's Web site at https:/ /www.editorialmanager.com/ajsp. See submission
instructions on the next page, under "On-line manuscript submission."”

Patient Anonymity and Informed Consent

It is the author's responsibility to ensure that a patient's anonymity be carefully protected and
to verify that any experimental investigation with human subjects reported in the manuscript
was performed with informed consent and following all the guidelines for experimental
investigation with human subjects required by the institution(s) with which all the authors are
affiliated. Authors should mask patients' eyes and remove patients' names from figures unless
they obtain written consent from the patients and submit written consent with the manuscript.

Conflicts of interest

Authors must state all possible conflicts of interest in the manuscript, including financial,
consultant, institutional and other relationships that might lead to bias or a conflict of interest.
If there is no conflict of interest, this should also be explicitly stated as none declared. All
sources of funding should be acknowledged in the manuscript. All relevant conflicts of interest
and sources of funding should be included on the title page of the manuscript with the heading
“Conflicts of Interest and Source of Funding:”. For example:

Conflicts of Interest and Source of Funding: A has received honoraria from Company Z. B is
currently receiving a grant (#12345) from Organization Y, and is on the speaker’s bureau for
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Organization X - the CME organizers for Company A. For the remaining authors none were
declared.

In addition, each author must complete and submit the journal's copyright transfer agreement,
which includes a section on the disclosure of potential conflicts of interest based on the
recommendations of the International Committee of Medical Journal Editors, "Uniform
Requirements for Manuscripts Submitted to Biomedical Journals"
(www.icmje.org/update.html).

A copy of the form is made available to the submitting author within the Editorial Manager
submission process. Co-authors will automatically receive an Email with instructions on
completing the form upon submission.

Compliance with NIH and Other Research Funding Agency Accessibility Requirements
A number of research funding agencies now require or request authors to submit the post-print
(the article after peer review and acceptance but not the final published article) to a repository
that is accessible online by all without charge. As a service to our authors, LWW will identify to
the National Library of Medicine (NLM) articles that require deposit and will transmit the post-
print of an article based on research funded in whole or in part by the National Institutes of
Health, Wellcome Trust, Howard Hughes Medical Institute, or other funding agencies to PubMed
Central. The revised Copyright Transfer Agreement provides the mechanism.

Permissions

For permission and/or rights to use content for which the copyright holder is LWW or the
society, please go to the journal's website and after clicking on the relevant article, click on the
"Request Permissions” link under the "Article Tools" box that appears on the right side of the
page. Alteratively, send an e-mail to customercare@copyright.com.

For Translation Rights & Licensing queries, contact Silvia Serra, Translations Rights, Licensing &
Permissions Manager, Wolters Kluwer Health (Medical Research) Ltd, 250 Waterloo Road,
London SE1 8RD, UK. Phone: +44 (0) 207 981 0600. E-mail: silvia.serra@wolterskluwer.com

For Special Projects and Reprints (U.S./Canada), contact Alan Moore, Director of Sales,
Lippincott Williams & Wilkins, Two Commerce Square, 2001 Market Street, Philadelphia, PA
19103. Phone: 215-521-8638. E-mail: alan.moore@wolterskluwer.com

For Special Projects and Reprints (non-U.S./Canada), contact Silvia Serra, Translations Rights,
Licensing & Permissions Manager, Wolters Kluwer Health (Medical Research) Ltd, 250 Waterloo
Road, London SE1 8RD, UK. Phone: +44 (0) 207 981 0600. E-mail:
silvia.serra@wolterskluwer.com

MANUSCRIPT SUBMISSION

On-line Manuscript Submission

All manuscripts must be submitted on-line through the new Web site at
https://www.editorialmanager.com/ajsp. First-time users: Please click the Register
button from the menu above and enter the requested information. On successful registration,
you will be sent an e-mail indicating your user name and password. Print a copy of this
information for future reference. Note: If you have received an e-mail from us with an assigned
user ID and password, or if you are a repeat user, do not register again. Just log in. Once you
have an assigned ID and password, you do not have to re-register, even if your status changes
(that is, author, reviewer, or editor). Authors: Please click the log-in button from the menu at
the top of the page and log in to the system as an Author. Submit your manuscript according to
the author instructions. You will be able to track the progress of your manuscript through the
system. If you experience any problems, please contact Nancy Kriigel, Managing Editor,
njk3qg@virginia.edu , 434-924-9136, fax 434-924-8767.
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Recommendations for the Conduct, Reporting, Editing, and Publication of Scholarly
Work in Medical Journals

Authors should read and follow the ICMJE general guidelines for conducting and reporting
medical studies, as well as the specific guidelines outlined here for AJSP submissions.
bttp://www.icmje.org/icmje-recommendations. pdf

PREPARATION OF MANUSCRIPT Manuscripts that do not adhere to the following
instructions will be returned to the corresponding author for technical revision before
undergoing peer review.

Title Page

Include on the title page (a) complete manuscript title; (b) authors' full names, highest
academic degrees, and affiliations; (c) name and address for correspondence, including fax
number, telephone number, and e-mail address; (d) address for reprints if different from that
of corresponding author; and (e) all sources of support, including pharmaceutical and industry
support, that require acknowledgment.

The title page must also include disclosure of funding received for this work from any of the
following organizations: National Institutes of Health (NIH); Wellcome Trust; Howard Hughes
Medical Institute (HHMI); and other(s).

Unstructured Abstract and Key Words

Abstract must be submitted as a separate file. Limit the abstract to 250 words. It must be
factual and comprehensive. Limit the use of abbreviations and acronyms, and avoid general
statements (eg, "the significance of the results is discussed"). List three to five key words or
phrases.

Text

Organize the manuscript into four main headings: Introduction, Materials and Methods,
Results, and Discussion. References and figure legends should be placed after the Discussion
section. Define abbreviations at first mention in text and in each table and figure. If a brand
name is cited, supply the manufacturer's name and address (city and state/country).

Abbreviations

For a list of standard abbreviations, consult the Council of Biology Editors Style Guide (available
from the Council of Science Editors, 9650 Rockville Pike, Bethesda, MD 20814) or other
standard sources. Write out the full term for each abbreviation at its first use unless it is a
standard unit of measure.

References

The authors are responsible for the accuracy of the references. Enter the references (double-
spaced) in order of citation after the Discussion section. Cite unpublished data—such as papers
submitted but not yet accepted for publication and personal communications, including e-mail
communications— in parentheses in the text. If there are more than three authors, name only
the first three authors and then use et al. Refer to the List of Journals Indexed in Index
Medicus for abbreviations of journal names, or access the list at
http://www.nlm.nih.gov/tsd/serials/lji.html. Sample references are given below:

Journal article
1. Band NS, Dawson JM, Juliao SF, et al. In vivo macrophage recruitment by murine
intervertebral disc cells. J Spinal Disord. 2001;14:339--342.

Book chapter

2. Crowe VR. Visual information analysis: frame of reference for visual perception. In: Kramer
P, Hinojosa J, eds. Frames of Reference for Pediatric Occupational Therapy. Philadelphia, PA:
Lippincott Williams & Wilkins; 1999:205-256.
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Entire book

3. Dellman RM, Marentette LJ. Atlas of Craniomaxillofacial Fixation. Philadelphia, PA: Lippincott
Williams & Wilkins; 1999.

Software
4. Epi Info [computer program]. Version 6. Atlanta, GA: Centers for Disease Control and
Prevention; 1994.

Online journals

5. Friedman SA. Preeclampsia: a review of the role of prostaglandins. Obstet Gynecol [serial
online]. January 1988;71:22-37. Available from: BRS Information Technologies, McLean, VA.
Accessed December 15, 1990.

Database
6. G-PDQ [database online]. Bethesda, MD: National Cancer Institute; 1996. Updated March
29, 1996.

World Wide Web
7. Hostin LO. Drug use and HIV/AIDS [JAMA HIV/AIDS Web site]. June 1, 1996. Available at:
http://www.ama-assn.org/special/hiv/ethics. Accessed June 26, 1997.

Figures & Artwork

A) Creating Digital Artwork
1. Leam about the publication requirements for Digital Artwork: http://links.lww.com/ES/A42
2. Create, Scan and Save your artwork and compare your final figure to the Digital Artwork
Guideline Checklist (below).
3. Upload each figure to Editorial Manager in conjunction with your manuscript text and tables.

B) Digital Artwork Guideline Checklist
Here are the basics to have in place before submitting your digital artwork:
« Artwork should be saved as TIFF, EPS, or MS Office (DOC, PPT, XLS) files. High resolution
PDF files are also acceptable.
« Crop out any white or black space surrounding the image.
« Diagrams, drawings, graphs, and other line art must be vector or saved at a resolution of at
least 1200 dpi. If created in an MS Office program, send the native (DOC, PPT, XLS) file.
* Photographs, radiographs and other halftone images must be saved at a resolution of at
least 300 dpi.
* Photographs and radiographs with text must be saved as postscript or at a resolution of at
least 600 dpi.
e Each figure must be saved and submitted as a separate file. Figures should not be
embedded in the manuscript text file.

Remember:

« Cite figures consecutively in your manuscript.

« Number figures in the figure legend in the order in which they are discussed.

« Upload figures consecutively to the Editorial Manager web site and enter figure numbers
consecutively in the Description field when uploading the files.

* When submitting single-column width figures, the editor strongly recommends that these
be oriented vertically to allow larger image size. The orientation of the figures in the
electronic submission will be interpreted by the production staff as the desired orientation in
the final publication. Therefore, authors should submit single-column figures oriented
vertically if at all possible.
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Figure Legends

Legends must be submitted for all figures. They should be brief and specific, and they should
appear on a separate manuscript page after the references. Use scale markers in the image for
electron micrographs, and indicate the type of stain used.

Color Figures

The journal accepts for publication color figures that will enhance an article. Beginning January
1, 2013, all figures submitted to the journal in color will be produced in color in print and online
at no charge to the author.

Tables

Create tables using the table creating and editing feature of your word processing software
(eg, Word, WordPerfect). Do not use Excel or comparable spreadsheet programs. Group all
tables in a separate file. Cite tables consecutively in the text, and number them in that order.
Each table should appear on a separate page and should include the table title, appropriate
column heads, and explanatory legends (including definitions of any abbreviations used). Do
not embed tables within the body of the manuscript. They should be self-explanatory and
should supplement, rather than duplicate, the material in the text.

Style
Pattern manuscript style after the American Medical Association Manual of Style (Sth edition).
Stedman's Medical Dictionary (27th edition) and Merriam Webster's Collegiate Dictionary (10th
edition) should be used as standard references. Refer to drugs and therapeutic agents by their
accepted generic or chemical names, and do not abbreviate them. Use code numbers only
when a generic name is not yet available. In that case, supply the chemical name and a figure
giving the chemical structure of the drug is required. Copyright or trade names of drugs should
be capitalized and placed in parentheses after the name of the drug. Names and locations (city
and state in USA; city and country outside USA) of manufacturers of drugs, supplies, or
equipment cited in a manuscript are required to comply with trademark law and should be
provided in parentheses. Units of measure should be expressed in the metric system, and
temperatures should be expressed in degrees Celsius. Conventional units should be written as
SI units as appropriate.

Supplemental Digital Content:

Authors may submit supplemental digital content to enhance their article's text and to be
considered for online-only posting. Supplemental digital content may include the following
types of content: text documents, graphs, tables, figures, graphics, illustrations, audio, and
video. Cite all supplemental digital content consecutively in the text. Citations should include
the type of material submitted, should be clearly labeled as "Supplemental Digital Content,"
should include a sequential number, and should provide a brief description of the supplemental
content. Provide a legend of supplemental digital content at the end of the text. List each
legend in the order in which the material is cited in the text. The legends must be numbered to
match the citations from the text. Include a title and a brief summary of the content. For audio
and video files, also include the author name, videographer, participants, length (minutes), and
size (MB). Authors should mask patients' eyes and remove patients' names from supplemental
digital content unless they obtain written consent from the patients and submit written consent
with the manuscript. Copyright and Permission forms for article content including supplemental
digital content must be completed at the time of submission.

Supplemental Digital Content

Supplemental Digital Content (SDC): Authors may submit SDC via Editorial Manager to
LWW journals that enhance their article's text to be considered for online posting. SDC may
include standard media such as text documents, graphs, audio, video, etc. On the Attach Files
page of the submission process, please select Supplemental Audio, Video, or Data for your
uploaded file as the Submission Item. If an article with SDC is accepted, our production staff
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will create a URL with the SDC file. The URL will be placed in the call-out within the article. SDC
files are not copy-edited by LWW staff, they will be presented digitally as submitted. For a list
of all available file types and detailed instructions, please visit http://links.lww.com/A142.

SDC Call-outs

Supplemental Digital Content must be cited consecutively in the text of the submitted
manuscript. Citations should include the type of material submitted (Audio, Figure, Table, etc.),
be clearly labeled as "Supplemental Digital Content," include the sequential list number, and
provide a description of the supplemental content. All descriptive text should be included in the
call-out as it will not appear elsewhere in the article.

Example:

We performed many tests on the degrees of flexibility in the elbow (see Video, Supplemental
Digital Content 1, which demonstrates elbow flexibility) and found our results inconclusive.

List of Supplemental Digital Content

A listing of Supplemental Digital Content must be submitted at the end of the manuscript file.
Include the SDC number and file type of the Supplemental Digital Content. This text will be
removed by our production staff and not be published.

Example:

Supplemental Digital Content 1. wmv

SDC File Requirements

All acceptable file types are permissible up to 10 MBs. For audio or video files greater than 10
MBs, authors should first query the journal office for approval. For a list of all available file
types and detailed instructions, please visit http://links.lww.com/A142.

o www.themedicaleditor.com

 www.biosciencewriters.com
. Fe

e www.sciencedocs.com

o www.prof-editing.com

¢ www,journalexperts.com

Please note that neither The American Journal of Surgical Pathology nor Lippincott Williams &
Wilkins takes responsibility for, or endorses, these services. Their use does not guarantee
acceptance of a manuscript for publication.

AFTER ACCEPTANCE

Compliance with NIH and Other Research Funding Agency Public Access
Requirements

A number of research funding agencies require or request authors to submit the post-print (the
article after peer review and acceptance but not the final published article) to a repository that
is accessible online by all without charge. As a service to our authors, WK will identify to the
National Library of Medicine (NLM) articles that require deposit and will transmit the post-print
of an article based on research funded in whole or in part by the National Institutes of Health,
Wellcome Trust, or Howard Hughes Medical Institute, to PubMed Central. Authors may indicate
such funding when completing the Copyright Transfer Agreement.

Open access

Authors of accepted peer-reviewed articles have the choice to pay a fee to allow perpetual
unrestricted online access to their published article to readers globally, immediately upon
publication. Authors may take advantage of the open access option at the point of acceptance
to ensure that this choice has no influence on the peer review and acceptance process. These
articles are subject to the journal's standard peer-review process and will be accepted or
rejected based on their own merit.
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The article processing charge (APC) is charged on acceptance of the article and should be paid
within 30 days by the author, funding agency or institution. Payment must be processed for the
article to be published open access. For a list of journals and pricing please visit our Wolters
Kluwer Open Health Journals page.

Authors retain copyright

Authors retain their copyright for all articles they opt to publish open access. Authors grant
Wolters Kluwer an exclusive license to publish the article and the article is made available
under the terms of a Creative Commons user license. Please visit our Open Access Publication
Process page for more information.

Creative Commons license

Open access articles are freely available to read, download and share from the time of
publication under the terms of the Creative Commons License Attribution-NonCommerical No
Derivative (CC BY-NC-ND) license. This license does not permit reuse for any commercial
purposes nor does it cover the reuse or modification of individual elements of the work (such
as figures, tables, etc.) in the creation of derivative works without specific permission.

Compliance with funder mandated open access policies

An author whose work is funded by an organization that mandates the use of the Creative
Commons Attribution (CC BY) license is able to meet that requirement through the available
open access license for approved funders. Information about the approved funders can be
found here: http://www.wkopenhealth.com/inst-fund.php

FAQ for open access

http://www.wkopenhealth.com/openaccessfag.php

Page Proofs and Corrections

Corresponding authors will receive electronic page proofs to check the copyedited and typeset
article before publication. Portable document format (PDF) files of the typeset pages and
support documents (eg, reprint order form) will be sent to the corresponding author by e-mail.
Complete instructions will be provided with the e-mail for downloading and printing the files
and for faxing the corrected page proofs to the publisher. Those authors without an e-mail
address will receive traditional page proofs. It is the author's responsibility to ensure that there
are no errors in the proofs. Changes that have been made to conform to journal style will stand
if they do not alter the authors' meaning. Only the most critical changes to the accuracy of the
content will be made. Changes that are stylistic or are a reworking of previously accepted
material will be disallowed. The publisher reserves the right to deny any changes that do not
affect the accuracy of the content. Authors may be charged for alterations to the proofs beyond
those required to correct errors or to answer queries. Proofs must be checked carefully and
corrections faxed within 24 to 48 hours of receipt, as requested in the cover letter
accompanying the page proofs.

Reprints

Authors will receive a reprint order form and a price list with the page proofs. Reprint requests
should be faxed to the publisher with the corrected proofs, if possible. Reprints are normally
shipped 6 to 8 weeks after publication of the issue in which the item appears. For any
questions regarding reprints or publication fees, contact the Reprint Department by mail at
Lippincott Williams & Wilkins, 351 W. Camden Street, Baltimore, MD 21201; by phone at 1-
800-341-2258; via e-mail at reprints@wolterskluwer.com; or by fax at 410-528-4434.

Publisher's Contact
Fax corrected page proofs and any other related materials to Proof Manager, American Journal
of Surgical Pathology, 1-866-978-5767.
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