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SUMMARY

Gestational trophoblastic disease (GTD) is a groupof 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 mole s (88.5%) and 26 with choriocarcinoma s (11.5%). No PSTT or ETT were
identified. The age of the patients and the presenting features were similar to that reporte d
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/ pl and HIV negative patients (p= 0.03). This is of clinical significance

as the Free State Province has the second highes 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 NLRP7and
KHDC3Lwas 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 NLRPAariants of unknown clinical significance were identified. This
is the first report of a pathogenic NLRPAariant 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.
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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 trophaoblastic tissue (Brown ef 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 corsist of exaggerated placental site and placental site nodule and plague (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 ¢ horiocarcinoma,
PSTT and ETT are classified as neoplasms (Kurmaret 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-l i k e, was first used by Aet i usourbiftheAsimthd a ,

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 se t 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 | or Il. Approximately 70% of PHM are
69,XXY while 27% are 69,XXX and the remainder are 69,XYY (Huiet 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).

a
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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 norviable.

Dispermic CHMs arise as a result oftwo 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 NLRPr 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. (Seckket a/., 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 mole s
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 GTDseen 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 a/., 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 ri sk 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 s ocf Eigutell.2)dThedbetarenoc h of g
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 fo rmation (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 Hood 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 PHMhas a 0,2% to 4% chance (Shih and Kurman, 2002;
Vang et al., 2012). It is also important to distinguish between n on-molar pregnancies and
PHM as PHM requires followu p  wi t h -hsuemmaunm cah or i oni c-hGGdlevelsd ot r op i

(Li et al.,, 2002). Numerous studies have demonstrated that there is marked inter-observer



variability in the diagnosis of hydatidiform moles whe n based only on haematoxylin and
eosin (H&E) stained sections (Vang et al., 2012). A number of ancillary techniques, including
immunohistochemistry for p57, fluorescence /n 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 nonmolar
pregnancies as CHM lacks p57 expression while it is retained in PHM and nommolar
pregnancies (McConnellet 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 a/., 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 m any centres.
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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 NLRP7and KHDC3L (C6orf221) genes have been identified as

causative for familial recurrent hydatidiform mole (Andreasen et al, 2013). Reaurrent



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 a/., 2018). NLRP7
and KHDC3Lare maternal-effect genes and their expression is required for normal embryo
development (Manokhina et al., 2013). In addition, NLRP Aariants are also associated with
recurrent spontaneous abortions, still births and intrauterine growth restriction (Murdoch et
al.,, 2006). NLRP7was originally mapped to chromosome 19q13.3-13.4 (Moglabey et al.,
1999), and identified by Murdoch et a/. in 2006. NLRP7is 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 im munity (Hayward et al., 2009). NLRP7
consists of an N-terminal pyrine domain, 9-10 leucine-rich repeats, a NACHTFassociated
domain (NAD) and a NACHT region.It encodes for a protein of 1037 amino acids (Moein-
Vaziri et al., 2018). KHDC3Lor KH domain containing 3-like gene was identified in 2011
and mapped to chromosome 6 (Parry et al., 2011). KHDC3Lhas 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 wit h previously described variants.

a
NLRP7 60-kb deletion
L750V / .
D722G
wW778X
R721W R767S
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R4A13W A719V C761Y
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wa3ix R390H|  ¢.2130-312_2300+737del1219 A833T
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R432X % RB15H
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€.277+1G>C E570X | pg57v c.2810+2T>G
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| T1028A
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Figure 1.5: Schematic representations of NLRP7 and KHDC3L protein structures with
identified mutations and non -synonymous variants in patients with hyda tidiform moles
and reproductive loss



A. NLRP7protein structure with its domains. PYD = pyrin domain; NACHT == domain

presentin NAIP, CIITA,HET-E, and TP1 f ami | ytriplpospbatedindng ;

motif; LRR = leucine-rich repeats. The ATP binding domain is a small motif of 8 amino
acids and starts at position 178.

B. KHDCS3Lprotein structure with identified variant s and non-synonymous variants. KH
stands for K homology domain. Variant nomenclature is according to the Human
Genome Variation Society guiddines (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 p opulation 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 NLRP7are present in 48-80% of patie nts 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 al., 2013; Reddy ef al., 2016; Nguyen et
al., 2018)

The majority of mutations described to date are in Caucasian or Asian women. NLRP7
mutations have been also reported in Tunisian, Senegalese, Egyptian and Moroccan women
while KHDC3Lmutations have been described in women of Tunisian and African American
origin (Puechberty et al.,, 2009; Landolsi et al., 2011; Parry et al., 2011, Landolsi et al.,
2012; Slim et al., 2012; Reddy et al., 2013). No cases of NLRP7or KHDC3Lmutations have

been described in South African patients.

A third gene, PADI/6G has recently been identified. It was originally described as a cause of
female infertility characterized by early embryonic arrest (Xu et a/., 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). PADI/6is 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 ef a/., 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,

ATP



2018; Hui, 2019). The first definite report of chorioc arcinoma 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 pregrancies 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 a/., 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). T h e s e-hQGns 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 (Kaurand 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 (Secklet a/.,
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 (Sebireand 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 nonrgestational choriocarcinomas have different genetic origins and they
also differ with regards to sensitivity to chemothe rapy and prognosis. | dentification 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 determi ne 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 bot h maternal and
paternal DNA should be present while after a CHMonly paternal DNA will be noted. A triploid

karyotype is indicative of a previous PHM. The absence of paternal DNA in the tumour is



11

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 a/., 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 origi nally described in 1976 under the name
trophoblastic pseudotumour (Kurman ef 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
a-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).

Macrosapically 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 nuckar
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-U , human

pl acen

lactogen (hPL) and MeFCAM (CD146) but is usually negative oronlyfocal 'y po-si ti ve

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 neg ative 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 inhibinU whi | e mel anomas

for S100, HMB45 and melanA (Shih and Kurman, 2001).

Between 15 and 20% of PSTTs develop either local recurrence or metastasis (Sebireand
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,

Wi

tumours with hi gh grade hi stol ogi 4©@Qd levélsehave wlsoeleen a n d

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

hi
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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-h€Cd&aGgiandlh oln@Hedshreg aan

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

ETT presents as a hodule 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-U, cyt okeratin and pl a
phosphatase (PLAP) and weak focal staining for hCG and hPL (Sebirend Lindsay, 2010).

ETT must be distinguished from cervical squamous cell carcinoma as the hyalinelike 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 andinhibin-U can be hel pful as ETT is palsquambuse f or
cell carcinoma is negative (Shih and Kurman, 2001, Allison et al., 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 Placent al 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 tub e (Shih and Kurman, 2001).

Placental site nodules present as a wellcircumscribed 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 ef al, 1999).
Immunohistochemical stains for cytokeratin, inhibin-U and PLAP are positive
index is less than 5% (Sebire and Lindsay, 2010).

These lesions are nonneoplastic but are important as they may be misdiagnosed as a PSTT,

ETT or cervical squamous cell cacinoma (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 Choriocardnoma  Unknown Responding to treatment
1992 35years Choriocarcinoma Unknown  Lost to follow up after 9 months

26 years  Choriocarcinoma  Unknown Lost to follow up after 1 month
Tangtrakul et 24years Choriocarcinoma 404 Complete remission
al., 1998
Moodley and 20years Choriocarcinoma 799 Complete remission
Moodley, 2001
Ashley, 2002 26 years  Choriocarcinoma 173 Died
Moodley and 24 years Persistent molar 156 Complete remission
Moodley, pregnancy
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/ pl 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/pl 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 2 1 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 al., 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 positve pati ents had 200 celBd and thereawas rm Significant
difference in the survival (Makhathini et al., 2019).

1.1.9 Staging, stratification and treatment of patients with GTD

Hydati di f or m pah€Gandthipcandelused i thémanagement of the disorder.
Following the diagnosis of a molar pregnancy a suction curettage is the initial treatment of
choiceinmostcases.Af t er t hi s, -hCGEevel ghauld beenoritdiesl and a plateau
or rising level is indicative of malignant change termed persistent gestational tro phoblastic
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. Ascoreof 0-6 i s indicative of |l ow risk disc¢
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

. 0 1 2
staging

Age <40 >40 - R

Antecedent pregnan cy Mole  Abortion Term

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

Pretreatment hCG/mL <10%® >10%-10% >104-10° >10°

Largest tumour size including uterus, cm - 3-4 05 -

Site of metastases identified Lung Spleen, Gastrointestinal B.raln,

kidney 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 a-hCG levels have returned to normal, the
s e r u-hCGaevels should be mortored monthly until the levels have remained normal for

one year (Snyman, 2009).

The FIGO/WHO scoring system does not apply to ETT and PSTTThese 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 al., 2013). Patients with ETT and PSTT are treated
primarily with surgery and undergo a hysterectomy and lymph node dissectio n. 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 necros is, deep myometrial invasion

or inadequate resection margins (Goldstein and Berkowitz, 2012).

1.2 RATIONALE BEHIND THE STUDY

CHM has a 1520% risk of developing persistent GTD while PHMhas a 0,2%-4% chance.
Incorrect diagnosis can result in under estimatio n 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 t han 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/ul 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 NLRP7gene was first identified which was linked to cases of familial recurrent
hydatidiform mole. This was followed by the identification of KHDC3Lin 2011 and PADI/6in
2018. Since then over 60 pathogenic NLRP Asariants and six pathogenic KHDC3Lvariants
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

choriocardnoma in the public sector of the Free State Province.

Objectives:

i. To determine the presence of NLRP7and KHDC3Lvariants in patients in the public
sector of the Free State Province, as referred to the Department of Anatomical
Pathology, with hydatidifor m 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 w hether 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 NLRP7and KHDC3Lgenes 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 GE STATIONAL
TROPHOBLASTIC DISEAS E IN THE PUBLIC SECT OR OF THE FREE STATE
PROVINCE, SOUTH AFRI CA: A 10 -YEAR REVIEW

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

International Journal of Gynaecological Cancefcf. 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 f rom 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 mo st 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 aroup 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 Caucasianwomen 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 al., 2010; Froeling and Seckl 2014).

Risk factors for the development of hydatidiform mole include maternal age and a
previous molar pregnancy. Al t hough most hydatidi form moles oc
and 306s as this i s mndnaesaecoue teamdgersvand wormenaver88 pr eg
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 a/., 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 al., 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. Casesthat were occasionally received from other provinces were excluded
fromthestudy. The age, race, type-haonancBofiddic gohadogapigr aphy,
( &hCQG) 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 (HSRECB81/2017). 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 receivedin 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, t he 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 Caucasianpatients, two Asian
patients and one Indian patient.

a-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
pat i ents (26. 3%) wi t h-hCGvalues af maerttman 50®@060aU/Ih a d

Table 1. a-hCG levels in patients with hydati diform mole and choriocarcinoma
a-hCG (U /1) Molar pregnancy Choriocarcinoma
<100 000 32 (30.8%) 4 (21.1%)
100 000 i 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 wi th 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 HC@h a 4 (2.1%) 0
Rai s eh€G after a previous molar 1 (0.5%) 1 (4.4%)
preghancy
Preeclampsia 2 (1.1%) 0
Twin pregnancy 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 va gina 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 al., 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 hydatidi  form mole in African countries

No of cases of Study Ratio per
Province hydatidiform : 1000 References
period .
mole deliveries
South African Provinces
KwaZulu -Natal 78 1994-2000 1.2 Moodley et al., 2003
Kwazulu -Natal 50 1998-2002 1.16 M°°d'ey§835'\"°°d'ey’
Limpopo 84 2008-2011 Van Bogaert, 2013
Free State 200 2006- 2015 04 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

a1 1976-1985 08 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 o
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 al., 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 ef 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 chori  ocarcinoma in African countries

Ratio per
Provin ce NO.Of Cases o Stu_dy 1000 References
choriocarcinoma period L
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 al., 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 Yakasaiet al., 2013
41 2008-2012 5.0 Kolawole et al., 2016

No placental site trophoblastic tumours or epithelioid trophoblastic tumours were
diagnosed in the study period confirming the rare nature of these tumours. The patient s
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 t he 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 Caucasianpatients 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
h a d-hC& levels of less than 100 000 1U/I only 29.3% of cases in our study had levels
under100 000 IU/Iwhi | e 51. 2% e€G levalsoébstwderal@®0080 and 500 000
U/1.

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 hyperth yroidism.
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 ce lls/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/ul. 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/pl 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 KwaZuluNatal
(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 gestati onal 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/ pl should receive standard
treatment. In a second series, Moodley et a/. (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 ef al., 2011). In a recent study
by Makhathini ef al. (2019), 29% of the patients were HIV positive but all had a CD4 count
of more than 200 cells/ul. 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 ME THODS

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
human chori oni c-hQG)atdagrmgisr goapidityy palitya 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 9x 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

nvol

variables were done usingchis quar ed or Fisherds exacdelstests

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 chorioca rcinoma 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
ears ears ears
I 1 10 0, 0, 0,
Choriocarcinoma (58.8%) 4 (23.5%) 3 (17.7%) 0 (0%) 17
Hydatidiform mole 8 (650%) 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%)
h a d-hC& levels of less than 100000 1U/1, 17 (53.1%) had levels of between 100 000 and
500 000 U/l and eight (25%) had levels of over 500 000 IU/I. Eight patients (25%) had
normal haemoglobin levels while 17 (53.1%) were an aemic 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/pl with a range of 78 to
1090 cells/ul. 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

] n =20
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
n=13 n=20

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/ul. 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% (9 5% 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/ pl, were alive at six months while 75.0% (95%
Cl44.4% 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/ pl 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
cellss/ yland those with a CD4 cwunt of O 200 cell s/

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 a/., 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 a/., 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 ef 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 o r 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; Cubaschet al., 2019). Badenhorst et al. (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 numbers 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 a/., 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/ pl 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 al. (2009) that

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

REFERENCES

Ambia J, Kabudula C, Risher K,GomezOlive FX, Rice BD, Etoori D, Reniers GOutcomes of
patients lost to follow -up after antiretroviral therapy initiation in rural north -eastern South
Africa. Trop Med Int Health 2019;24:747-756.

Badenhorst DHS, van der Westhuizen CA, Britz E, Burger MC, Ferreira NLost to follow-up:
Challenges to conducting orthopaedic research in South Africa. SAMJ2018;108:917-921.

Barnardt P. Managing gestational trophoblastic neoplasm (GTN) and people living with HIV
(PLWH). South Afr J Gynaecol Oncol2019;11:21-24.

Cubasch H, Dickens C, Joffe M, Duarte R, Murugan N, Chih, MT, Moodley K, Sharma V,
Ayeni O, Jaconsen JS, Neugut Al, McCormack V, Ruff PBreast cancer survival in Soweto,
Johannesburg, South Africa: A receptor-defined cohort of women diagnosed from 2009-11
Cancer Epidemiof2018;52:120-127.

Hirasen K, Berhanu R, Evans D, Rosen S, Sanne |, Long LHigh rates of death and loss to
follow-up by 12 months of rifampicin resistant TB treatment in South Africa. PLOS One
2018;13: e0205463.

Limper A, Rosenow E. Drug-induced interstitial lung disease. Curr Opin Pulm Med
1996;2:396-404.

Human Sciences Research Council (HSRC). The fifth South Africanational HIV prevalence,
incidence, behavior  and communication survey, 2017.  Available at
http://lwww.hsrc.ac.za/uploads/pageContent/9234/SABSSMV_Impact_Assessment_Summ
ary ZA ADS_cleared_PDFA4.pdfaccessed 6 November 2019).



42

Ojwang SBO, Otieno MRB, Khan KS Human immunodeficiency virus in gestational
trophoblastic neoplasias’i Is it a poor prognostic risk factor? East Afr Med J1992;69:647 -
648.

Makhat hini S, Dreyer G, Buchmann EJ. Gestationa
Tertiary Hospital: a five-year descriptive study. South Afr J Gynaecol/ Oncol/2019:1-5
https://doi.org/10.1080/20742835.2019.1667627.

Moodley M, Moodley J. Gestational trophoblastic syndrome and human immunodeficiency

virus (HIV) infection: A retrospective analysis. /nt J Gynecol Cancer2003a;13:875-878.

Moodley M, Tunkyi K, Moodley J. Gestational trophoblastic syndrome: An audit of 112
patients. A South African experience. /nt J Gynecol Cancer2003b;13:234-239.

Moodley M, Marishane T. Demographic variables of gestational trophoblastic disease in
KwaZulu-Natal, South Africa. J Obstet Gynaecol2005;25:482-485.

Moodley M, Budram S, Connolly C.Profile of mortality among women with gestational
trophoblastic disease infected with the human immunodeficiency virus (HIV). Argument for

a new poor prognostic marker. /nt J Gynecol Cancer2009;19:289-293.

Ngan HYS, Seckl MJ, Berkowitz RS, Xiang Y, Golfier F, Sekharan PK, Lurain JRpdate on
the diagnosis and management of gestational trophoblastic disease. /nt J Gynecol Obstet
2015;131:S123-S126.

Reid E, Suneja G, Ambinder RF, ARd K, Baiocchi R, Barta SK, Carchman E, Cohen A, Gupta
N, Johung KL, Klopp A, LaCasce AS, Lin C, Makarov®usher OV, Mehta A, Menon MP,
Morgan D, Nathwani N, Noy A, Palella F, Ratner L, Rizza S, Rudek MA, Taylor JTomlinson

B, Wang CJ, Dwyer MA, FreedmanCass DA. Cancer in people living with HIV, Version
1.2018, NCCN Clinical Practice Guidelines in Oncology.J Nat/ Compr Canc Netw
2018;16:986-1017.

Schwaiblmair M, Behr W, Haeckel T, Markl B, Foerg W, Berghaus TDrug induced interstitial
lung disease. Open Respir Med J2012;6:63-74.



43

Seckl MJ, Sebire NJ, Fisher RA, Golfier F, Massuger L, Sessa Gestational trophoblastic
disease: ESMO clinical practice guidelines for diagnosis, treatment and followup. Ann Oncol
2013;24:vi39-vi50.

Statistics South Africa (SSA) 2019. Midyear population estimates 2019. Available at
https://www.statssa.gov.za/publications/P0302/P03022019/pdf (accessed 6 November
2019).

Tayib S, van Wik L, Denny L. Gestational trophoblastic neoplada and human
immunodeficiency virus infection: A 10 year review. /nt J Gynecol Cancer2011;21:1684-
1691.

UNIAIDS Fact Sheet. World AIDS day 2019. Global HIV Statistics. Available at

https://www.unaids.org/en/resources/fact -sheet (accessed 31 December 2019

Van Bogaert LJ. Clinicopathologic features of gestational trophoblastic neoplasia in the
Limpopo Province, South Africa. /nt J Gynecol Cancer2013;23:583-585.



CHAPTER 4

ARTICLE 3: NLRP7 AND KHDC3L MUTATIONS IN SOUTH AFRICAN PATIENTS
WITH HYDATIDIFORM MO LE AND RECURRENT REPRODUCTIVE WASTAGE

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

Journal of Human Genetics(cf. Appendix G).



45

NLRP7 AND KHDC3L MUTATIONS IN SOUTH AFRICAN PATIENTS WITH
HYDATIDIFORM MOLE AND R ECURRENT REPRODUCTIVE WASTAGE

Goedhals 3, Vergottinin, W2, Oosthuizen 3, Theron M*

! Department of Anatomical Pathology, Faculty of Health Sciences, University of the Free
State and National Health Laboratory Service Bloemfontein, South Africa

2 Pathcare Laboratories, Kimberley, South Africa

34 Division of Human Genetics, Faculty of Health SciencesUniversity of the Free State and

National Health Laboratory Service Bloemfontein, South Africa

Contact person: Prof J Goedhals, gnmbjg@ufs.ac.za, +27(0)51 -405 3058



mailto:gnmbjg@ufs.ac.za

46

Abstract

NLRP7and KHDC3Lare maternal-effect genes expressed in all oocytes and preimplantation
embryos. Variants in these genes are associated with recurrent hydatidiform moles and
patients with NLAP7 variants also present with other forms of reproductive wastage. To
date more than 60 pathogenic NLRP7variants and 6 pathogenic KHDC3Lvariants have
been described. However, there have been no documented cases from South Africa. In this
study, seven Black African patients were screened for NLRP7and KHDC3Lvariants. The
patients all had a history of a hydatidiform mole with one or more additional episodes of

reproductive wastage. Three novel NLRP7variants were identified of which one was
pathogenic and two were variants of unknown significance. The pathogenic variant,
c.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 NLRP Arariant in a South African patient.
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INTRODUCTION

Hydatidiform mole is an abnormal human pregnhancy 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 al., 2013; Wang et al., 2013).
Rare casesof 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 a/., 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 wome n 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 nonfamilial 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 a/., 2006). NLRP7encodes for a protein of 1037 amino
acids (Hayward et a/., 2009). A second and minor gene, causing imprinting, KHDC3L(KH
domain containing 3-like) or Céorf221 was identified in 2011 and mapped to chromosome
60913 (Parry et al., 2011). KHDC3Lhas 3 exons and encodes for a protein consisting of 217
amino acids (Moein-Vaziri et al., 2018). Recently a third gene, PADI/6 (peptidyl arginine
deiminase 6), which is located on chromosome 1p36.13 has been linked to hydatidiform
moles and embryonic developmental arrest (Xu et al., 2016; Qian et al., 2018). All three
genes have an autosomal recessive inheritance pattern (Fallahiet a/., 2018).

NLRP7, KHDC3land PADI6are 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 a/., 2006; Akoury et al., 2015). Their absence results in
early embryonic arrest (Dean, 2002; Akoury et al., 2015). NLRP7and KHDC3Lvariants play
a causal role in RHM Pathogenic variants of NLRP7are present in 48 to 80% of patients
with RHM while KHDC3Lvariants 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 NLRP7variants not only present with familial recurrent hydatidiform
moles but also with late spontaneous abortions, stillbirths and normal pregnancies with
intrauterine growth retard ation (Murdoch et a/, 2006). Patients with recessive KHDC3L
variants have only presented with spontaneous abortions. Variants in KHDC3Lmay be more
severe than variants in NLAP7and may not present with other forms of reproductive loss
or with live births (Rezaei et al., 2016).

Functional PAD/6variants have been reported in cases with primary infertility and early
developmental arrest after /n wvitro 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 ef a/, 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 NMRLP Avariants with no functional
effect on the protein can also show some embryonic tissue development (Qian et al., 2018).

These maternaleffect 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 al., 2013).

NLRP7consists of an N-terminal pyrine domain, 9-10 leucine-rich repeats, a NACHTF
associated domain (NAD) and a NACHT regionNLRP7 is involved in major histocompatibility
complex class Il inactivation. The other members of this family of genes are involved in
inflammation and innate immunity (Hayward et al., 2009). NLRP7s rich in Alu repeats with
approximately 48% of the NLRP7genomic structure made up of Alu sequences. Alu
elements are predisposed to recombination and 13.5% of NLRP7mutations have been
found to be Alu mediated (Reddy er a/., 2016).

The presence of founder effects in NLRP7and KHDC3Lin a population cause a 2 to 10-
fold increase in the rates of HM (Qian et a/., 2011; Reddy et a/., 2013; Fallahi et al., 2018).
More than 60 pathogenic NLRP Arariants have been identified in patients with RHM and six
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pathogenic variants have been described in KHDC3Lin cases which are negative for NLRP7
variants (Parry et al., 2011; Reddy et al., 2013; Reddy et a/., 2016; Nguyen et al., 2018).

In Africa, NMLRP7variants have been identified in Moroccan, Tunisian, Egyptian and
Senegalese women while KHDC3Lvariants 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, ¢.299 302delTCAA,p.
lle100Argfs*2 in homozygous state, resulting in a frameshift in exon 2 of the KHDC3Lgene
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 NLRP7and KHDC3Lvariants were
present in a 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
etal., 1988). The blood was transferred into Nunc tubes and stored at 7 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 MgChk, 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



50

after which the obtained pellet was washed and suspended in 1X SET buffer (10 mM Tris-
HCI pH 7.5, 100 mM NaCl, 1 mM EDTA) containing 10 pgul? 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 mixt ure. 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®
Technol ogies I nc.) according to the manufactur
diluted to 50 ng. pl'* for use during the optimisation period of primer annealing temperatures
using conventional polymerase chain reaction (PCR).

A 150 ng.pl* DNA aliquot was prepared for high resolution melting analysis (HRMA) to
equilibrate the DNA concentration before the final HRMA PCR dilutions (15 ngpl-1) was
prepared by adding DNA (150 ng.ul? dilution) to 1x T.1E in a ratio of 1:9. The dilutions were
stored at i 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 NLRP7and three exons of KHDC3L
were ordered from Thermo Fisher Scientific and synthesized by Invitrogen™ (Appendix C).
The primer sets covered all exons and exonintron boundaries.

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

A conventional gradient PCR protocol was used for the amplfication of the initial PCR
product for HRMA of each primer set. The PCR regime entailed one cycle at 953C 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 71 PCR reaction contained 200 ng temp
250 T M deoxyribonucl eoti d-eBiICtr ({ pHo8S8pBate,l. 50MMmM
mM KCI and 1 U Taq DNA polymerase. PCR products wer visualized using a 2% (w/v)
agarose gel, using DNA molecular weight marker XIlI (50bp ladder) to confirm the quality
and specificity of the reaction. Electrophoresis was performed horizontally at 95 V in the
presence of 0.05 pug.ml* EtBr and 1XTBE.

High Resolution Melting Analysis was performed on the LightCycler® 480 Il real -time
instrument (Roche Molecular Systems, Inc, Basel). The DNA was diluted to 15 ng.ult. 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 dHO. 25 mM MgCh 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 cleaap (I I I ustr a
Ex o Pr o S-steprfréin GE Healthcare Life Sciences, United Kingdom) according to the
manufacturerds instructions. Each sequencing r
T Bi gDyeE Ready Reaction terminator mi X, 3 p

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 51 |
125 mM EDTA and 60 171 100% (v/v) ethanol and c

after which the supernatant was removed. The p
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ethanol and air dried.
Hi-Di E formamide (Applied Bi oswasaddedisthedtiedi t e d
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 NLRP7and NM_001017361 for KHDC3) 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 Back 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 mis carriage,
one patient had a molar pregnancy and four miscarriages andtwo 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 histo ry in any of the cases.

Table 1. Age and number of molar pregnancies and miscarriages

Patient Age Number of hydatidiform moles Number of miscarriages
38 1
23
21
26
25
20
42

~NOoOUA~AWNER
NWR PR
COoORRRRLR

A number of variants were identified in both NLRP7and KHDC3L(Table 2). A common
missense variant in exon 3 of KHDC3Lwas present in six of the seven patients (85.7%).
Three novel NLRPAariants were detected, two coding variants in exon 4 and exon 9 and

one intronic variant in intron 8 .

S ‘
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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).



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

Table 2. NLRP7 and KHDCS3L variants

Pt Gene Location Alleles Variant Protein RefSNP Class Allele frequency
C 83.3%
NLRP7 Exonl heterozygous c.-359C>T rs9941465 2 T16.7%
— G 99%
NLRP7  Exon4  heterozygous c.1725G>T p.Leu575= rs73055288 2 T 1%
NLRP7 Exon9  heterozygous €.2682T>C p.Tyr894= rs269951 1 T48.4%
1 ' ' C 51.6%
A 47.8%
NLRP7 Exon 10 heterozygous €.2811-23A>G rs269933 1 G 52 20
NLRP7 Exonll heterozygous €.2982-28delG rs34438464 2 None
0
KHDC3L Exon3 heterozygous €.602C>G p.Ala201Gly rs561930 1 g gggo//z
C 36.3%
NLRP7  Exon 2 homozygous €.-39-16C>T rs775886 1 T 63.7%
NLRP7  Exon9  heterozygous €.2682T>C Tyr894= rs269951 1 T48.4%
yo ' P-Iyre9s= C 51.6%
NLRP7 Exon 10 heterozygous €.2811-25G>C rs775870 1 G 83.3%
2 ' C 16.7%
A 47.8%
NLRP7 Exon 10 heterozygous €.2811-23A>G rs269933 1 G 52 20
NLRP7 Exon 1l heterozygous €.2982-28delG rs34438464 2 None
0
KHDC3L Exon3 homozygous €.602C>G p.Ala201Gly rs561930 1 g gggo//z
C 36.3%
NLRP7  Exon 2 homozygous c.-39-16C>T rs775886 1 T 63.7%
NLRP7  Exon9  heterozygous €.2682T>C p.Tyr894= rs269951 1 T48.4%
' ' C 51.6%
- C 91.8%
3 NLRP7 Exon9 heterozygous c.2706C>T p.Ala902= rs61746780 1 T8.2%
A 47.8%
NLRP7 Exon 10 homozygous €.2811-23A>G rs269933 1 G 52.2%
C 69.4%
KHDC3L Exon 3 homozygous €.602C>G p.Ala201Gly rs561930 1 G 30 6%

14°]



C 36.3%

NLRP7 Exon2 heterozygous €.-39-16C>T rs775886 T 63.7%
€.2642+29
NLRP7 Intron8  heterozygous 2642+30delTG Novel None
4 G 83.3%
NLRP7 Exon 10 heterozygous €.2811-25G>C rs775870 C 16.7%
C 69.4%
KHDC3L Exon3 heterozygous €.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 Exon3 heterozygous €.602C>G p.Ala201Gly rs561930 G 30.6%
NLRP7  Exon4 homozygous c¢.1224 1232delinsT p.Arg409Alafs*116 Novel None
G 83.3%
6 NLRP7 Exon 10 heterozygous €.2811-25G>C rs775870 C 16.7%
C 69.4%
KHDC3L Exon3 heterozygous €.602C>G p.Ala201Gly rs561930 G 30 6%
7 NLRP7 Exon9  heterozygous €.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. (Qassification according to Plon et

al., 2008)

qq
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DISCUSSION

A total of 12 NLRP7and KHDCQZ variants were identified in the cohort of seven South
African Black patients. Six NLRP Aariants 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 NLRP7variants
described in this study are classified as variants of unknown significance (class 3) and as

pathogenic (class 5).

KHDC3L variantc.602C>G, p. (Ala201Gly)in exon 3
Six of the seven patients had the same KHDG3L 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, C.2642+29 2462+30delTG. The
€.2642+29_2462+30delTG variant is located in intron 8 of the NLRP7gene which is
described by a sequence of seven ACrepeats at genomic level. This variant has not been
described previously and no population frequencies are available. /n 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, ¢.2695C>T.
The ¢.2695C>T variant in exon 9 of the NLRP7gene 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 i 897 and 902 i 928  respectively,

https://www.uniprot.org/uniprot/Q8Wx94 (Rabian et al., 2014). This variant has also not

been described previously and no population frequencies are available. /n7 sifico 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 ¢.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 1727 491.
Mutations in the NACHT domain disrupt oligomerization

(https://www.uniprot.org/uniprot/Q8Wx94 ) (Rabian er al., 2014). This novel variant is

classified as a class 5 pathogenic variant.

The three novel NLRP7variants described in this study were not found in 121 336
global subjects and 10 400 African subjects in ExXAC (ittps://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 NLRP/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 NLRP7mutations 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 NLRP Arariant carriers have an increased
risk of reproductive wastage but do not develop hydatidiform moles. In addition, Slim et al.
(2012) identified three new NS\s 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/
https://www.1000genomes.org/1000-genomes-browsers
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rather very rare variants. In contrast, Manokhina et a/. (2013) found that NLRP7and
KHDCS3Lvariants 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
NSVb6s oNLRAYand AHDC3L some of which were homozygous. All these variants
were categorized as berign 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 identificati on of variants on only a
single indirect sample type, namely maternal blood. To further elucidate the causal role of
the maternal effect genes, NLRP7,KHDC3Land PADI/6in 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 p ossible family members will be utilized when available.

In conclusion, we report a novel NLRP7homozygous pathogenic variant in a patient
with three previous molar pregnancies. This is the first documented case of a pathogenic
NLRP Asariant 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 al., 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 a/., 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 partid hydatidiform
mole (Seckl et a/., 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 al., 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 nongestational in a number of international studies
(Cankovic et al., 2006; Fisher et al., 2007, Zhao et al., 2009; Savage et a/., 2017). However,
no study has been published applying this test method in choriocarcinoma in Africa.

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

with microsatellite genotyping using only patient tissue to facili tate 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 casesand 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 Hedth 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 casewere 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 isolaed 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 follo wed
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 manufacturerd snstructions 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
pl 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 o f five minutes
delivered significantly more DNA compared to the one minute advised by the manufacturer 0 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,
usingthe Amp FI STRE IPER Anplifidation System (AppliedBiosystems, 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
di fferent fluorescent dy efa anplificattoma alllod ma sirgle i | er E |
tube. Four fluorescent dyes (6-FAM, VIC, NED and PET) are labelled to PCR amplicons and a
fifth dye (L1Z) is used to label the GeneScan-500 Size Standard Amp F| STRE | @@t i f i | e
amplification kit User Guide, Lipata er a/., 2010).
The PCR reactions consisted of Ing genomic DNA amplified in a 25 pl reaction, containing

10ul of Amp F | Sied&tion mix, 5 pl of primer mix and 0.5 pl of AmpliTagq 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 (GeneScan500LIZ, Applied Biosystems Inc.). Capillary electrophoresis was performed
on an ABI3130 Genetic Analyzer (30cm capillary and POP7 polymer) (Applied Biosystems,
Inc.). Fragment analysis for both the maternal and tumour tissues was performed, using the
GeneMarker software (SoftGendics, 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
D8S1179 | D21s11 | D7s820 | cSF1PO | D3s1358 | THO1 |D13s317| D16S539 | D2s1338 | D19s433 | wwa TPOX | D18s51 | Amel | D5ssis 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 i1 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 i1 i1 16,17 78 12,14 9,11 16,19 11,13 15 i1 18,20 X 8,10 23,24
3T 1314 [ 312322] 1011 10,11 15,17 68 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 7,13 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 ND ND 15 68 11 9 ND 10.2,14 14 12 16,17 X 12,13 22,23
5T 13 3.2 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 X 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 15,17 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 69 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 89 19 X 11,14 23,24
aT 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 1112 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 monosperrmy
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 89 19 X 11,13 22,24
13T 13 31 i1 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 89 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 1215 [ 31.2,32.2 9 9 14,15 8 12,13 10,11 21,23 12,14 14,17 811 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 89 15,16 X 12,13 23,26
18T 13 28 9 12 18 8 i1 11 21 14 19 8 18 X 11 22.2 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 X 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 hyaatidiform mole, ND = not detected, P= primar
pregnancy, NP = normal pregnancy, ‘Ma x i mum al | el e

si ze

as

y choriocarcinoma, AP = antecedent
det er mi ne dPGCRmmuliftatien kisUsar Guyde)( Amp F| STRE
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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 m aternal 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 sutable 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 nornrmaternal alleles compatible with a previous complete

androgenetic hydatidiform mole (Figure 2). No triploid cases indicative of a preceding partial

hydatidiform mole were identifi ed in this study. All six controls presented with exclusively

non-maternal alleles confirming them as complete androgenetic hydatidiform moles

(Figure 3).
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Figure 1. Microsatellite genotyping result for case 4

maternal and tumour tissue confirming a p

. The allele s are the same in both the

rimary (non -gestational) choriocarcinoma
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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 reextraction 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 contami nation 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 though s (r fu
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 o

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
rfuds.

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.



76

Of interest, was the presence of a variant allelic repeat, 22.2 at locus FGA (case 18)
which was not I|isted in the AmpFI STRE I denti fil
known allele. Initially we excluded this allele from the genotype as various peaks of almost
equal hei ght wer e Qnfurhsr@vestigation we2f@ubd the Yatiafitso.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 ef a/., 2008; Furtado ef a/., 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 nongestational 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 efa/. ( 2009) instituteOsecondés of
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 t issue 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 inte rpretation 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
etal., 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 ef 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, whe n 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,
unigue 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 ¢ horiocarcinoma 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

CONCLUSION S 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 disea se 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 presentatian 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 hydati diform 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/ul has been postulated to be
a poor prognostic factor in patients with GTD (Moodley et al., 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/ul 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/ul (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 (R eid 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 knt 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, KHDC3land PAD/6have been linked
to recurrent hydatidiform mole and other forms of reproductive wastage (Moglabey er 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. PAD/6was 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 NLRP7variants were found, one pathogenic variant and two variants of
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unknown significance. The pathogenic variant, ¢.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 stu dies are planned on the two
variants of unknown significance to fully classify these variants and all seven patients will
be evaluated for PAD/6variants if additional consent is obtained. Mutation screening of the
FFPE tissue of available hydatidiform moks 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 us ed 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 nan-gestational choriocarcinoma. These findings correlate
with those of previous international studies (Zhao et al., 2009; Savage et a/., 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 AmpFI STRE I dentifilerE PCR AmpThisisi cati ol
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 po pulation.

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 NLRP7and KHDC3Lscreening 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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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

A1563017

HS00708315

REViI TTC AGG CAT CCT GGG TAG TTG

Forward and reverse primer sets for NLRP7
Fragments The,r\lrr;?/fcl)fr,lleor.Cat Sequence Amplification size te/?\:::rez:tlzge

Exon 1 A156297 HS00357897 | FWDi AAATCA AAG ATCCTT CCAGCATCCT 512 bp 61°C
A1563071 HS00357897 | REVI GTT TTT AAA GCT GGG AGC CAG GTA

Exon 2 A156297 HS00357896 | FWDi AGG ACA CCC CAG GTT CTACTT AC 490 bp 61°C
A156307 HS00357896 | REV- GCT GGG CCA GATTT CAG TCT CT

Exon 3 A156297 HS00546856 | FWDi CCA GAA ATG AAT AAA ACC AGG AAG AAG TG 247 bp 61°C
A156307 HS00546856 | REVi CTG GCT GAC ACT TTATGT ACAATAATG TCT

Exon 4A A156297 HS00812246 | FWDi GTT GCA GTC TGT CCAGTC CA 272 bp 58°C
A156307 HS00812246 | REVi CAA CTG TCC TAT GGG CTG TCA

Exon 4B A156297 HS00357890 | FWDi CAG GAAGCC CTC CACCCTTA 496 bp 58°C
A156307 HS00357890 | REViI CTT GAA TCC CAG AAC ACC CAG GAA

Exon 4C A156297 HS00357889 | FWDi GAA CAG ACG GAG GTCGGACT 495 bp 58°C
A156307 HS00357889 | REVi GGG AGT TTG CTG AAG AGG AAG

Exon 4D A156291 HS00357888 | FWDi GAA GAT GTG CTT TGC ATT GCA GCA ATT 498 bp 58°C
A156307 HS00357888 | REVi GGC TGT TCCTGC GTTTCCTCT G

Exon 4E A156297 HS00357887 | FWDi CCA GCC AGAGGGATTCTGAC 491 bp 58°C
A156307 HS00357887 | REV GAA CCC CGA CCT GAT TCA AG

Exon 5 A156297 HS00591835 | FWDi TCA GGG TCT TCC TTG CAAGAT G 272 bp 61°C
A1563071 HS00591835 | REViI GGT ACT AGT CCT AAG AGATGAACG TGT

Exon 6 A156297 HS00573473 | FWDi CAA CAC GGT GCA GTG GAC 262 bp 61°C
A1563071 HS00573473 | REViI ATC ACT CCA AGT GGAATCTCTTCT G

Exon 7 A156291 HS00551367 | FWDi TCT ATA GCC CCAGAACTAAACCAGA 272 bp 61°C
A1563071 HS00551367 | REVI GGG TAT ACT CTG TCC TCC CAG AA

Exon 8 A156291 HS00815906 | FWDi TCT CTC CTG CTT GAATTC ATG TGC 274 bp 61°C
A1563071 HS00815906 | REV- AGT TGT GGAAAT GTTCTCATCCTTCTAC

Exon 9 A156291 HS00799516 | FWDi1 TAC CGT AGG TGTTTTAGG TTACAGTITG 236 bp 61°C
A156307 HS00799516 | REVi ATA ACT GCTTCA CAG GGC GTT
A156291 HS00759579 | FWDi AAC CCATAC CTG AGT ATCTTC AAG GA

Exon 10 " - 230 bp 61°C
A156301 HS00759579 | REVI GCC ACT ACC TGC TCA GTG AAT

Exon 11 A156291 HS00708315 | FWDi TCT GAC CTG CAT TCATAAGACATCTTAG 274 bp 61°C




Forward and reverse primer sets for KHDC3L

Fragments Thermo Fisher Cat Sequence Amplification size Annealing
No./Lot No. q P temperature
Exon 1 A156297 HS00277217 FWDi ATA AGA AGG GCG CGG CTA GA 366 bp 60°C

A156307 HS00639676 REViI ATG GGT GGC AGA AAG AAG CC

Exon 2 A156291 HS00773004 FWDi CTC ACA GCCTCT CTG CTACC 238 b 60°C
A156307 HS00773004 REV- GCT CCA GGT AGC CCTATTCC P

Exon 3A A156291 HS00277219 FWDiT TCT GGG ATT TCT GGC TCC TAC TC 508 b 58°C
A156301 HS00277219 REVI TAT GAA GGC ATC TCA GGC CCT GG P

Exon 3B A156291 HS00277220 FWDi1 AAA ATC CAC ATC CTC TCC CCA ACC 497 b 58°C
A1563071 HS00277220 REVi ATG CGC GCG GTT AAG GAG TA P
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