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ABSTRACT

Background: A non-consanguineous couple approached us with a history of 6 
𿿿rst� trimester� unexplained� miscarriages� (4� natural� conceptions,� 1� intrauterine�
insemination (IUI) cycle conception and 1 in-vitro fertilization (IVF) cycle 
conception. No genetic testing was carried out for abortuses.
Clinical data: Couple karyotyping was normal. Couple carrier screening revealed 
that�the�husband�was�heterozygous�for�a�variants�c.3829A>G�in�RELN�gene�exon�
27� and� the�wife�was� compound�heterozygous� for� 2� variant� c.4739C>G�exon� 32�
and�c.5156C>T�exon�34�in�RELN�gene�with�autosomal�recessive�(AR)�inheritance,�
responsible for Lissencephaly 2. All were reported as variants of uncertain 
signi𿿿cance�(VUS).�As�the�wife�was�unaffected,�both�variants�must�have�been�in�
cis. The husband was also heterozygous for AR SMN1 variant. No preimplantation 
genetic testing (PGT) was offered previously.
Investigation: The couple underwent 3 IVF cycles with PGT for chromosomal 
aneuploidy (PGT-A) followed by PGT for monogenic disorder (PGT-M) for RELN 
gene variants.
Results: Of 9 blastocyst embryos tested, only one euploid heterozygous embryo 
with a single variant was available for implantation. Frozen embryo transfer led to 
a singleton pregnancy and birth of a healthy boy.
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Discussion:�As�there�was�no�family�history�of�lissencephaly,�the�𿿿ndings�of�RELN�
variants on carrier screening were not further evaluated. No possible correlation 
was�made�with�RELN�variants�or�presence�of�aneuploidy�in�the�embryos�and�𿿿rst�
trimester recurrent pregnancy loss. Hence PGT-M was not offered previously 
for� VUS� neither� PGT-A.�However,� as� the� classi𿿿cation� of� VUS�may� change� to�
pathogenic� in�future�after�availability�of�suf𿿿cient�data,�we�offered�PGT.�In�this�
case as the couple had 3 VUS in RELN gene, a compound heterozygous future child 
could be affected with cobblestone lissencephaly. Hence PGT-M was important in 
this case. Due to the history of failed IUI-IVF cycles and 6 miscarriages, PGT-A 
was also very important to use euploid embryos for successful implantation and to 
reduce miscarriage risk due to aneuploidy. Recent literature shows that RELN gene 
variant may impair embryonic microenvironment homeostasis leading to early 
miscarriages and the possible cause of miscarriages. This shows the importance 
of�genetic�counselling�to�offer�speci𿿿c�investigations,�to�deliver�a�healthy�child�to�
couples. 
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INTRODUCTION
Lissencephaly or smooth brain is a 
neuronal migration disorder where brain 
(cerebral cortex) development is affected 
(Dobins 1995). Lissencephaly 2 syndrome, 
Norman-Roberts type is characterized by 
abnormalities of the craniofacial region, such 
as a low, sloping forehead, occiput, ocular 
hypertelorism, intellectual disability, seizures, 
hypertonia,� hyperreÁexia� and� severe� growth�
failure. Lissencephaly-2 (LIS2) is associated 
with severe abnormalities of the cerebellum 
and hippocampus (Hong et al., 2000). It is 
an autosomal recessive disorder caused 
by variants in the RELN gene, located at 
chromosome locus 7q22 which encodes for 
reelin protein.

The reelin protein also plays an important 
role in the placental development. Reelin 
regulates trophoblast invasion for remodeling 
uterine spiral arteries to ensure adequate blood 
Áow�to�the�fetus.�If�there�are�low�levels�of�reelin�
present� in� the�𿿿rst� trimester� in� the�mother,� it�
can be a potential biomarker for preeclampsia 
(Sommer et al., 2025). Variants in RELN gene 
may impair embryonic microenvironment 
homeostasis (Lin et al, 2025). Improper 
trophoblast invasion leads to early pregnancy 
loss (Li et al. 2017). Thus, RELN gene variants 
can be one of the major reasons for unexplained 
pregnancy loss.

The present case report, genetic investigations 
and counselling is for a non-consanguineous 
couple with the history of multiple unexplained 

recurrent pregnancy Losses. Also, to show the 
correlation�of�the�earlier�genetic�𿿿ndings�with�
recent developments related to RELN gene 
variants and pregnancy loss.

CASE HISTORY 
A non-consanguineous couple approached 

us�with�a�history�of�6�𿿿rst�trimester�unexplained�
miscarriages (4 natural conceptions, 1 
intrauterine insemination (IUI) cycle 
conception and 1 in vitro fertilization (IVF) 
cycle conception done elsewhere). They also 
had a history of 3 failed IVF-frozen embryo 
transfers. Genetic evaluation of the products 
of conceptions was not carried out. Couple 
karyotyping done elsewhere was normal. The 
age of the husband was 41 years and wife was 36 
years. There was no other history of recurrent 
pregnancy loss or any other pregnancy with 
lissencephaly in other family members.

Couple carrier screening done elsewhere 
revealed that the husband was heterozygous 
for�a�variant�c.3829A>G�in�RELN�gene�exon�27�
and the wife was compound heterozygous for 
2�variants� c.4739C>G�exon�32�and�c.5156C>T�
exon 34 in RELN gene with autosomal 
recessive (AR) inheritance, responsible for 
Lissencephaly 2, Norman-Roberts type. All 3 
variants were reported as variants of uncertain 
signi𿿿cance�(VUS).�As�the�wife�was�unaffected,�
both variants must have been in cis condition. 
The husband was also heterozygous for AR 
SMN1 variant. No preimplantation genetic 
testing (PGT) was offered previously.
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Investigations:
Sanger sequencing was carried out for all 

the�3�RELN�gene�variants.�After�con𿿿rmation�
of their heterozygous status, the option of PGT 
for monogenic disorder (PGT-M) was offered 
to them.

The wife’s AMH was 0.503ng/ml suggesting 
the requirement of multiple IVF cycles to get 
an adequate number of embryos for PGT.

MATERIALS AND METHODS 
As PGT was possible in their case, pre-

PGT-M work-up was carried out for all 3 VUS 
in RELN gene for protocol development. 

The lady underwent 3 IVF hormonal 
stimulation cycles using antagonist protocol.

The 13 MII oocytes were fertilized using 
intracytoplasmic sperm injection (ICSI) 
technique. The 9 blastocyst stage embryos 
(obtained either on day 5 or day 6 after the 
fertilization) were subjected to trophectoderm 
(placental) cells biopsy using a laser beam. The 
biopsied cells were tubed and the embryos 
were immediately cryopreserved. 
The�embryonic� cells�were�𿿿rst� subjected� to�

PGT for chromosomal aneuploidy (PGT-A). 

4/9 euploid embryos on PGT-A were further 
analyzed by PGT-M for all 3 variants in RELN 
gene. Embryos from 1st and 2nd IVF cycles 
were pooled together for testing. Based on the 
results, 3rd IVF-ICSI-PGT-A-PGT-M cycle was 
carried out.

After the results of 3rd IVF-PGT cycle, 
frozen embryo transfer was carried out in 
the subsequent cycle using an euploid RELN 
heterozygous (unaffected) embryo.

RESULTS
Out of 5 embryos from 1st and 2nd IVF cycle 

pooled together for testing, 2 were euploid for 
PGT-A. After PGT-M for all 3 RELN variants, 
1 was double heterozygous for 2 variants from 
mother and normal for variant from father 
and 1 was compound heterozygous for all 3 
variants.

From the 3rd IVF cycle, of 4 embryos, 2 were 
euploid for PGT-A. After PGT-M for all 3 RELN 
variants, 1 was compound heterozygous and 
1 was single heterozygous for 1/2 variants 
(c.3829A>G�exon�27)�from�mother�and�normal�
for 2nd variant from mother and variant from 
father (Table 1).

Table 1: Results summary of PGT-A and PGT-M for RELN variants for 9 embryos from 3 IVF cycles

Result Summary (PGT-A+PGT-M)
IVF 
cycle

Sample ID Result (PGT-A)
Variants analyzed 
in RELN gene

Result 
(PGT-M)

Combined 
(PGT-A + PGT-M) 
Interpretation

1st Embryo-1 Aneuploidy of chromosome 22 NA NA Abnormal

Embryo-2 Cytogenetically normal chromosome 
complements

Exon�27�c.3829A>G Normal

HeterozygousExon�32�c.4739C>G Heterozygous

Exon�34�c.5156C>T Heterozygous
2nd

Embryo-3
Cytogenetically  
normal chromosome  
complements

Exon�27�c.3829A>G Heterozygous

Compound HeterozygousExon�32�c.4739C>G Heterozygous

Exon�34�c.5156C>T Heterozygous

Embryo-4 Aneuploidy of chromosome 22 NA NA Abnormal
Embryo-5 Aneuploidy of chromosome 16 NA NA Abnormal

3rd Embryo-6 Cytogenetically normal chromosome  
complements

Exon�27�c.3829A>G Normal

HeterozygousExon�32�c.4739C>G Normal

Exon�34�c.5156C>T Heterozygous
Embryo-7 Aneuploidy of chromosome 18 NA NA Abnormal
Embryo-8 Aneuploidy of chromosome 15, 16 and 21 NA NA Abnormal
Embryo-9 Cytogenetically normal chromosome 

complements
Exon�27�c.3829A>G Heterozygous

Compound HeterozygousExon�32�c.4739C>G Heterozygous

Exon�34�c.5156C>T Normal
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Thus, after PGT-M for 3 RELN variants 
only one euploid heterozygous embryo with 
a single variant inherited from the mother 
available from the 3rd IVF cycle was used for 
implantation. 

DISCUSSION 
As there was no family history of 

lissencephaly,� the� 𿿿ndings� of� RELN� variants�
on carrier screening were not further 
evaluated. No possible correlation could be 
made�with�RELN�variants� and�𿿿rst� trimester�
recurrent pregnancy loss due to the lack of 
studies available at that time. As the variants 
detected� were� of� uncertain� signi𿿿cance,� no�
preimplantation genetic testing for RELN gene 
variants was suggested previously.

For VUS found on couple carrier screening, 
PGT-M is generally not offered. However, the 
classi𿿿cation�of�VUS�may�change�to�pathogenic�
in� future� after� availability� of� suf𿿿cient� data.�
Based on the history of recurrent pregnancy 
loss and the possibility of a child affected 
with lissencephaly, PGT-A along with PGT-M 
was offered to this couple. Due to the history 
of failed IVF cycles and 6 miscarriages for 
which no genetic evaluation was carried 
out, PGT-A was important to select euploid 
embryos for successful implantation and to 
reduce miscarriage risk due to chromosomal 
aneuploidy. Also, in this case, as the couple 
had 3 VUS in RELN gene, a compound 

heterozygous child could be affected with 
cobblestone lissencephaly leading to severe 
intellectual disability, seizures, hypertonia, 
hyperreÁexia�and�severe�growth�failure.�Hence�
PGT-M was also important. 

In terms of trophoblast invasion, it has 
been demonstrated that a lack of invasion 
of extravillous trophoblast (EVTs) into 
myometrial spiral arteries was observed in 
miscarriages compared to healthy, successful 
pregnancies in humans (Ball et al, 2006; 
Khong et al., 1987). The reelin protein levels 
were never measured in the woman when 
she was pregnant as carrier screening testing 
and�the�𿿿ndings�of�RELN�gene�variants�were�
not available for previous 6 pregnancies. 
The association of reelin protein related to 
miscarriages has been suggested in recent 
years (Sommer et al. 2025). Just considering 
presence of RELN gene VUS in both husband 
and wife, after thorough genetic counselling, 
the unaffected embryo could be selected by 
PGT-M for RELN gene variants. 

If PGT-M was not offered in this case, based 
on the recent studies, another pregnancy loss 
was possible if only euploid embryo was 
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Figure 1: Steps involved in IVF-ICSI-PGT for RELN variants

Frozen embryo transfer led to a singleton 
pregnancy. A full-term delivery led to birth of 
a healthy boy (Figure 1).
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used after PGT-A. As the association of RELN 
variants with early pregnancy loss is suggested 
recently, there is a possibility that some of the 
benign variants of RELN not responsible for 
lissencephaly may turn to disease causing 
(pathogenic) responsible for early pregnancy 
loss. Hence, currently unproven, the decision 
of offering PGT-M for RELN VUS, along with 
PGT-A, was helpful in delivering a full-term 
healthy child.

Due to a high miscarriage risk, prenatal 
diagnosis was avoided. 

CONCLUSION
Every VUS should be checked in the recent 

reported literature before neglecting it for 
future genetic testing. The same VUS may 
be benign for one disorder, but could be 
pathogenic for another disorder, with recent 
evidence. Hence, thorough information should 
be obtained before considering any VUS as 
pathogenic or benign and its correlation to the 
available case history.

This shows the importance of genetic 
counselling� to�offer� speci𿿿c� investigations,� to�
deliver a healthy child to couples.
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