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1 | INTRODUCTION

Reciprocal chromosomal translocation (RCT) is one of
the most common human chromosomal abnormalities.
Balanced RCT does not contain the variation in the num-
ber of chromosomes, but only the rearrangement of ge-
netic material.! As we know, balanced RCT carriers will
have greater risk to experience recurrent miscarriages,
embryonic death, infertility, or giving birth to defective
offspring.”

Copy number variants (CNVs) are also important
causes of birth defects, resulting in various clinical man-
ifestations, including growth and developmental abnor-
mality, mental retardation, visceral malformation, and
special facial features, etc.’ At present, various syndromes
are verified to be caused by CNVs, such as 22q11.2 de-
letion syndrome, Cri-du-chat syndrome, Williams syn-
drome, and so on.*

Key Clinical Message

Balanced reciprocal chromosomal translocation carriers will have greater risk to
experience recurrent miscarriages, embryonic death, and infertility. We show the
pedigree carrying a paternal karyotype which was reported first. This research
helps to better understand the clinical manifestations and prognosis of patients
with this rare chromosomal abnormality.

18q deletion syndrome, 8q duplication, 8q/18q translocation, balanced translocation,
enrichment analysis, prenatal diagnosis

Above all, birth defects are important challenges af-
fecting the quality of the birth population. Genetic coun-
seling as well as prenatal diagnosis is effective method to
decrease the rate of birth defects.’

In this study, we report the clinical findings detected in
a Chinese pedigree (Figure 1). The proband was diagnosed
by CMA to carry a 25.6Mb duplication of 8q24.12-q24.3
and a 16.5Mb deletion of 18q21.33-q23. Karyotype analysis
showed that the karyotype of the proband is paternally in-
herited 46,XX,der(18)t(8;18)(q24.1;q21.3). This is the first
of such a kind of karyotype to be reported. At the same
time, the mother of the proband was pregnant for 18 weeks.
CMA and karyotype analysis of amniotic fluid cells indi-
cated that the fetus also carried the same karyotype as that
of the proband. The couple decided to terminate the preg-
nancy after genetic counseling. Functional enrichment
analysis of the genes involved was also carried out to find
out the key genes causing the phenotype of the proband.
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MATERIALS AND METHODS

FIGURE 1 Pedigree of the family.

2 |

2.1 | Subjects

The proband is an 8-year-old girl with normal parents.
She was delivered full-term of gestation by cesarean sec-
tion with a birth weight of 3400 g and a length of 50 cm.
There was no specific abnormality identified when she
was delivered. While later, she was found to be unable
to crawl at 1lyear old. Clinical examination revealed
signs of short statue, wide ocular distance, strabismus,
slightly upturned and broad nose, thin upper lip, slightly
hearing loss, protruding joints of the toes and being
nearly unable to speak. The proband was the first child
of her parents with no abnormality recognized during
the pregnancy examination. The result of echocardiog-
raphy performed at 20 months old was normal. MR ex-
amination of the brain in 2017 showed that the myelin
sheath of the proband was underdeveloped. The mother
of the proband had a history of four miscarriages. She
was referred to the genetic counseling clinic because of
abnormal pregnancy when she was 18 weeks pregnant
with no abnormality found in the former pregnancy
examination.

3 | METHODS
3.1 | Karyotype analysis of peripheral
blood

0.5mL of peripheral blood of proband and her parents
were cultured for 72h at 37°C with peripheral blood lym-
phocyte culture medium (Hangzhou Biozone Science
Technology). After that, 80puL colchicine (working con-
centration 10 pg/mL) was added and incubated for 65 min
at 37°C. Hypotonic treatment was performed with 8 mL
KClI solution (0.075mol/L) before 1mL fixed solution
(methanol:glacial acetic acid=3:1) was used for fixation.

Total 50 Giemsa-Trypsin-Giemsa (GTG)-banded meta-
phase chromosomes were analyzed. For samples with
abnormal chromosomes, a total of 100 metaphases were
analyzed.

3.2 | Karyotype analysis of
amniotic fluid

10mL of amniotic fluid was obtained and cultured at
37°C with amniotic fluid culture medium (Guangzhou
Baiyunshan Baidi Biotechnolgy). Before harvesting,
120pL colchicine (working concentration 50 pg/mL) was
added and incubated for 25min at 37°C. After that, 2mL
pancreatin (Gibco) was added to stop digestion. Unlike
peripheral blood, 6 mL of 1% sodium citrate solution was
used for hypotonic treatment before 1 mL fixed solution
(methanol:glacial acetic acid =3:1) was added for fixation.
Total 50 GTG-banded metaphase chromosomes were ana-
lyzed. For samples with abnormal chromosomes, a total of
100 metaphases were analyzed.

3.3 | Chromosomal microarray analysis
Genomic DNA was extracted from 200pL peripheral
blood or 10mL amniotic fluid using QIAamp DNA
Blood Mini Kit (QIAGEN). A total of 250ng DNA was
used to perform CMA using Affymetrix Cytoscan 750K
Array (Affymetrix) followed by manufacturer's instruc-
tions. Raw data was processed by the software of ChAS
(Affymetrix) and then analyzed referring to databases
including Decipher, ISCA, ClinGen, OMIM, PudMed,
and so on.

3.4 | Enrichment analysis

GO analysis was performed on the differential genes. The
number of differential genes included in each GO entry
was count. Hypergeometric distribution algorithm was
used to calculate the significance of the enrichment of dif-
ferential genes in each GO entry. The result of calculation
will return a p-value with rich significance. The lower the
value is the more significant it is statistically. The enrich-
ment significance of each term in BP, CC, and MF was
calculated by Fisher's exact test. The KEGG data is used
to carry out the pathway analysis of differential genes,
and the hypergeometric distribution algorithm is used to
calculate the significance of the enrichment of differen-
tial genes in each pathway. The smaller the p-value, the
higher the correlation between the corresponding path-
way and this differential gene.
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4 | RESULTS

4.1 | Genetic examination results of the
family

Karyotype analysis of the proband showed 46,XX,der(18)
karyotype with a derivative 18 chromosome. CMA identi-
fied a 25.6 Mb duplication of 8q24.12-q24.3 (ranging from
position 120,721,382 to 146,295,771) and a 16.5Mb dele-
tion of 18q21.33-q23 (ranging from position 61,544,455
to 78,013,728) for the proband (Figure 2A,B) and normal
CMA results for her parents (Figure 2E,F). To trace the
origin of the derivative 18 chromosome and abnormal
CNVs of the proband, karyotype analysis of her parents
was performed. It was found that the mother showed
46,XX karyotype (Figure 3F), whereas the father was re-
vealed to be a carrier of balanced RCT with 46,XY,t(8;18)
(q23;921.3) karyotype (Figure 3C,D). Taking together, the
karyotype of the proband was finally to be recognized as
46,XX,der(18)t(8;18)(q24.1;q21.3)pat with a derivative 18
chromosome (Figure 3A,B). Results of CMA and karyo-
type analysis of amniotic fluid cells were the same as that
of the proband (Figure 2C,D; Figure 3E). The couple de-
cided to terminate the pregnancy after genetic counseling.

4.2 | Results of gene enrichment analysis
The GO analysis results of deleted OMIM gene showed that
the first three terms of smallest p-value were serine-type
endopeptidase inhibitor activity (Term ID: GO: 0004867),
carboxypeptidase activity (Term ID: GO: 0004180), and
translation from RNA polymerase II promoter (Term
ID: GO: 0006366) (Figure 4A). Results of KEGG analysis
showed that the first three paths with the smallest p-value
were histidine metabolism (Term ID: path: hsa00340),
beta-Alanine metabolism (Term ID: path: hsa00410), and
arginine and line metabolism (Term ID: path: hsa00330)
(Figure 4B). GO analysis results of duplicated OMIM
genes showed that the first three terms with the smallest
p-value were anchored component of membrane (Term
ID:G0:0031225), C-terminal protein lipidation (Term
ID:G0:0006501) and cell response to potassium ion (Term
ID: GO: 0035865) (Figure 4C). The entry with statistical
significance in the KEGG analysis results was aldoster-
one synthesis and secretione (Term ID:path:hsa04925)
(Figure 4D).

5 | DISCUSSION

Carriers of balanced translocation usually have no pheno-
typic abnormality since there is no increase or decrease of

genetic material. However, the tetrahedron will be formed
during the association of homologous chromosome in
meiosis, forming 18 gametes with only one normal and
one balanced. While the other 16 are unbalanced, resulting
in the risk of abortion, stillbirth, or deformity due to (part)
monosomy or (part) trisomy.6 As a result, genetic coun-
seling for balanced RCT is particularly important. The key
points of genetic counseling for these carriers mainly in-
clude: informing them of the probability of having a nor-
mal fetus, selecting the mode of pregnancy reasonably,
and performing prenatal diagnosis during pregnancy.’
In this study, the abnormal CNVs of the proband and the
fetus are both caused by their father who is a carrier of
balanced RCT. The previous four abortions of the mother
of the proband should be related to the partial monosomy
or trisomy caused by the paternally balanced RCT. The
pregnancy termination of this time could be avoided if the
family had genetic counseling earlier.

Only a few researches of 8q duplication have been re-
ported, mainly involving 8q-ter duplication.® Phenotypes
of 8q duplication were various. Digilio's research con-
cluded that duplication of genes located on 8q could be
an important cause of conotruncal cardiac defects.” Rezek
et al. reported that duplication of 8q22.1-8q24.3 was associ-
ated with syndromic bilateral cleft lip/palate.'® Macayran
et al. suspected that duplication of 8q22.1-q24.1 was as-
sociated with bipolar disorder and speech delay."" Other
reported phenotypes include dysmorphic facial features,
renal malformations, hypoplastic and absent patella and
so on.'? The proband in this family presented a 25.6 Mb
duplication of 8q24. It is reported that dysmorphic fea-
tures of 8q24 duplication contains thin upper lip, slightly
upslanting palpebral fissures, slightly upturned and broad
nose, hypertelorism, micrognathia and mild psychomo-
tor developmental delay."* Among 125 OMIM genes en-
compassed in 8q24 duplication (Table 1) of the proband,
TRAPPC9, TSTA3, KCNK9, and GPAA1I have been linked
to developmental delay. RECQL4 is suspected to be linked
with cleft palate, while other genes such as KCNQ3 and
GRINA have been associated with epilepsy.*'* Four of
these features were present for the proband, including
thin upper lip, strabismus, broad nose and psychomotor
developmental delay. No phenotype of cardiac abnormal-
ity or cleft lip and palate was showed for this proband.

Partial deletion of the 18q is a rare chromosomal ab-
normality which occurs in about 1/40,000 of live births.?
The partial deletion of 18q of the proband reported in
this study was caused by the balanced RCT of her father's
chromosome 18 and chromosome 8. The mother of the
proband was 18 weeks pregnant when referred to us. She
decided to terminate the pregnancy because of the same
karyotype of the fetus as that of the proband. The clin-
ical phenotypes of the patients with 18q deletion were
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FIGURE 2 Chromosomal microarray analysis. (A) The result showed a 25.6 Mb duplication of 8q24.12-q24.3 of the proband denoted by
a blue bar. (B) The result showed a 16.5Mb deletion of 18q21.33-q23 of the proband denoted by a red bar. (C) The result showed a 25.6 Mb
duplication of 8q24.12-q24.3 of the fetus denoted by a blue bar. (D) The result showed a 16.5Mb deletion of 18q21.33-q23 of the fetus
denoted by a red bar. (E) The normal CMA result of the proband'’s mother. (F) The normal CMA result of the proband's father.

different due to the location and length of the deletion
fragments. It is difficult to analyze the correlation be-
tween genotype and phenotype since the 18q partial dele-
tion fragments are relatively large.'® Some critical regions
have been reported to be associated with several features,
including delayed myelination (18922.3-q23), GH defi-
ciency (18q22.3-q23), congenital aural atresia (18q22.3),
microcephaly (18q21.33), short stature (18q12.1-q12.3,

18921.1-q21.33, 18q22.3-q23).)” Several key genes have
been reported as well. MBP is recognized to be an import-
ant gene to maintain the stability of myelin structure and
function. GALRL may be related to the change of growth
hormone level. NFATCL is related to endocardial tissue
development. SALL3 and TSHZ1 may be related to cleft
lip and palate phenotype. TSHZI gene has also been asso-
ciated with congenital vertical talus.'® >
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FIGURE 3 Conventional karyotype analysis. (A) The G-banding result of the proband showed 46,XX,der(18)t(8;18)(q24.1;q21.3)pat
karyotype with the derivative 18 chromosome denoted by a red arrow. (B) The proband's partial karyotype of derivative 18 chromosome.
(C) The G-banding result of the proband's father showed 46,XY,t(8;18)(q23;q21.3) karyotype with the RCT between the long arm of
chromosomes 8 and 18 denoted by a red arrow respectively. (D) Partial karyotype of the proband's father with t(8;18)(q23;q21.3). (E) The
G-banding result of the fetus showed 46,XX,der(18)t(8;18)(q24.1;q21.3)pat karyotype with the derivative 18 chromosome denoted by a red
arrow. (F) The G-banding result of the proband's mother showed 46,XX karyotype.

The deletion of 18q21.33q23 for the proband covers
most of the above key pathogenic areas and important
genes, therefore overlaps some of the above phenotypic
characteristics. Main phenotypes of the proband involve
short statue, wide ocular distance, strabismus, slightly
upturned and broad nose, thin upper lip, slightly hear-
ing loss, protruding joints of the toes and being nearly
unable to speak, and dysmyelination. Cody et al. re-
ported that patients had various features even with
same deletions, implying the existence of penetrance

with associated phenotypes.'® In deed, ultrasonic exam-
ination of the proband's mother indicated that the fetus
had begun to show the phenotype of lateral ventricle
widening during the process of waiting for amniocen-
tesis results.

Derivative chromosomes of this case due to transloca-
tions involving 8q and 18q have never been reported previ-
ously. We compared the phenotypes of this proband with
other 8q duplication or 18q deletion patients (Table 2). It
is difficult to determine which CNVs cause the phenotype



JIN ET AL.

60f10 .
WI LEy_CImlcaI Case Reports N

Statistics of GO Enrichment

(A)

Top 30 of Enrichment
p-value

(B)

Histidine metabolism

BN molecular_function
. cellular_component
B biological_process
—— pvalue=0.05

-log10(p-value)
©
1

~
L

beta-Alanine metabolism L

Arginine and proline metabolism ) 02
Inflammatory bowel disease (IBD) 0.15

B cell receptor signaling pathway .

Prolactin signaling pathway 0.1

Complement and coagulation cascades
Th1 and Th2 cell differentiation
Amoebiasis
AGE-RAGE signaling pathway in diabetic complica...
T cell receptor signaling pathway
C-type lectin receptor signaling pathway
Th17 cell differentiation
Osteoclast differentiation
Natural killer cell mediated cytotoxicity
Spliceosome
Cell adhesion molecules (CAMs)
Hepatitis B

ListHit

o2

Wnt signaling pathway
Oxytocin signaling pathway
Hippo signaling pathway
Cellular senescence
Jak-STAT signaling pathway
cGMP-PKG signaling pathway

o ||
e

R \\i\:\‘)(\@t\ \w Ao O S
g\“‘,,o\\ ,‘,o\ «5‘ ‘\* N 0‘\‘ R o fvg; 5\’: w"\&%ﬁ"@@ oo Q@“ 0 2% o
\v\\& e a\“ ev\o\ 6“@\\‘\& 290\?,‘%\\“ SN \\o N \ 0“ o\\°\\0 o\“’bc\‘(’\o‘ \\‘ﬁce
8 5 0906‘?“ SO o0 R oD R £
S o o
o fﬁw@&\ S i g‘;\‘*\ o5 \\*‘Qo\*go\““ aix (“
o W s S0 e
R o\@x“@oﬁw\‘&“\w‘ S
e A
4 §
Otz‘\“& @“ov\ e Q\\nﬁ" @3 o«
© SO
& o s

’()\\
e

Statistics of GO Enrichment

T
® o+ © o o
SR ko bt ‘ocﬁ“oce 6\04»‘\\«" R

4 Tight junction
Axon guidance

Kaposi sarcoma-associated herpesvirus infection
CAMP signaling pathway

Rap1 signaling pathway

Human immunodeficiency virus 1 infection

ooooooooooooootooco@...
L XX )

14 28 42 56 70
Enrichment_score

o

Top 30 of Enrichment
p-value

Aldosterone synthesis and secretion

® 02

B molecular_function
BN cellular_component
B biological_process
= pvalue=0.05

w
!

-log10(p-value)

~
1

—
—
Crm—

(D) Steroid hormone biosynthesis
Cortisol synthesis and secretion 0.15
Thyroid hormone synthesis
Glycosaminoglycan biosynthesis - keratan sulfate .
Glycosphingolipid biosynthesis - globo and isog... -
Glycosphingolipid biosynthesis - ganglio series
ErbB signaling pathway ® - 0.05
Protein digestion and absorption L
Small cell lung cancer o) ListHit
Steroid biosynthesis
Endocrine resistance ®
Arginine biosynthesis L
Glycosylphosphatidylinositol (GPI)-anchor biosy...
Thermogenesis ®
Maturity onset diabetes of the young
Cholinergic synapse L
Human cytomegalovirus infection L ]
L

| ||||I|
T

Oxidative phosphorylation

and nicotinami i °

Mucin type O-glycan biosynthesis L 2
Fructose and mannose metabolism °

Endocytosis

Parkinson disease

A8 @ et et o o
oo sO‘Sm‘;}f AN \w‘° R
oS ¥ % o
AR R
O

0 T tr i =leet T
v" “ \bo\" \e\“w‘@\\ ‘Q\e\ w@% <\\°\>" ;i
ve° 9“ e@i\l‘ N 2 Q“““Q\a%v“i & sor

TR

XA e‘“‘dw aea\"‘ NSl

RS

©
XN

A2 \“‘ X
\\3\0\«% x““ a\\’&\

AR

R
S
S a\ \l Q
&

4 Alanine, aspartate and glutamate metabolism
Ribosome

Thyroid cancer

Signaling pathways regulating pluripotency of s...
Retrograde endocannabinoid signaling
Non-alcoholic fatty liver disease (NAFLD)

0 3 6 9
Enrichment_score

FIGURE 4 Enrichment analysis. (A) The GO enrichment results of deleted OMIM gene. (B) The KEGG enrichment results of deleted
OMIM gene. (C) The GO enrichment results of duplicated OMIM gene. (D) The KEGG enrichment results of duplicated OMIM gene.

of the proband according to the existing information since
some traits of 8q duplication and 18q deletion were both
observed. In addition, this proband was nearly unable to
speak. This phenotype has never been mentioned to be as-
sociated with 8q duplication or 18q deletion before. Above
all, this research adds to the literature that duplication of
8q24.12-q24.3 and deletion of 18q21.33-q23 may result
in variable phenotypes even with the same CNVs and re-
flects the importance of prenatal diagnosis and genetic
counseling.

Magnetic resonance examination showed that my-
elin sheath of the proband was poorly developed.
80%-90% of the brain myelin sheath growth retardation
was related to genetic factors including gene mutation,
chromosome abnormality, protease metabolism abnor-
mality, enzyme deficiency, etc. The main symptoms in-
clude brain growth retardation, lagging behind peers in
sports and language. Dysplasia of brain myelin sheath
will lead to cognitive impairment of patients, especially

for young children. For example, there are obstacles in
memory, great difficulties in learning new things, and
inattention.”

The enrichment results of deleted OMIM gene showed
that it was related to the metabolic process of various en-
zymes and amino acids. The normal metabolism of amino
acids is an important basis for life activities. All tissues and
cells of the body can carry out amino acid metabolism,
including deamination, decarboxylation, ammonia me-
tabolism, oxidative decomposition capacity, and other pro-
cesses as well as participating in protein synthesis. Liver,
kidney, and muscle are important tissues and organs for
amino acid metabolism, playing important roles in the me-
tabolism of amino acids in the body. Abnormal amino acid
metabolism is closely related to the occurrence of human
diseases.

The number of missing and repetitive fragments con-
taining various number of genes of the proband was large.
It is considered that the possible missing genes have a
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greater impact on the phenotype of the proband through
enrichment analysis although the missing fragments are
smaller than the duplicates. n conclusion, it needs further
research that which gene or genes play a major role in the
pathogenesis.
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