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1 | INTRODUCTION

Mosaic trisomy 9 cases are rare, presenting with varying phe-
notypes and degrees of severity. We describe a patient with
mosaic trisomy 9 from a pseudo-isodicentric chromosome
9 with features similar to previously reported trisomy 9 pa-
tients. To our knowledge, this is the first reported case of a
pseudo-isodicentric chromosome 9.

Complete trisomy 9 is rare in live births (0.01%)" and is
the cause of 2.4% of studied spontaneous abortions.” Mosaic
trisomy 9 is the Sth most common trisomy detected in live
births.? Compared to full trisomy 9, mosaic trisomy 9 may be
associated with longer survival, and some patients live into
adulthood.” This trisomy affects males and females equally
and is found among all ethnicities. The first clinical case was
described in 1973,5 and over the years, more than 50 cases
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Due to the variable presentation of mosaic chromosomal abnormalities, cases such as
this are needed to define the phenotypic spectrum. It also highlights the importance

of chromosome analysis to identify structural abnormalities that result in aneuploidy.

long-term survival, mosaic trisomy 9, pseudo-isodicentric chromosome 9

have been described. Affected individuals can vary in the
degree of their manifestations, the severity of organ involve-
ment, and neurocognitive outcomes. Long-term outcomes
have been described infrequently. In this case report, we pres-
ent a four-year follow-up of a patient affected by a mosaic
pseudo-isodicentric trisomy 9.

2 | CASE REPORT

The patient was to born to nonconsanguineous parents in their
early thirties at 38 6/7 weeks gestation via caesarian section,
due to vaginal bleeding and breech positioning. This was
the mother's third pregnancy, and the couple has two older
healthy children. A three-generation pedigree was negative
for any known genetic diseases, chromosomal abnormalities,
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multiple miscarriages, and infertility. The pregnancy was un-
complicated until the seventh month of gestation, in which
the mother was diagnosed with Guillain-Barre syndrome
and was treated with plasmapheresis. At the same time, the
mother also had a positive cytomegalovirus (CMV) PCR.

At birth, the patient weighed 3.57 kg (76%tile), was 50 cm
long (68%tile), and had a head circumference of 35.3 cm
(80%tile). Apgar scores were 7 at one and 8 at five min-
utes. Respiratory distress required supplemental oxygen via
nasal canula until the ninth day of life. She had hypotonia,
feeding difficulties, and laryngomalacia type I. An echo-
cardiogram demonstrated a patent ductus arteriosus (PDA).
Thrombocytopenia on day of life 1 was 83 000/mm’ and
improved to 112 000/mm? on the 58th day of life. Transient
hypoglycemia resolved by the ninth day of life. Dysmorphic
features included narrow palpebral fissures, tall forehead,
thin upper lip, smooth philtrum, depressed nasal bridge,
small ears, and small hands (Figure 1A). A dilated eye exam-
ination did not reveal any structural abnormalities. There was
no evidence of dental, kidney or urinary, musculoskeletal, or

WESRsrg gy
MEaAY
.
| W5 4

. 4 a
¥i 16 i ws ey
13 14 15 16 17
1
‘e & 17 “‘; D )
19 20 21 22 X
FIGURE 1

awsm
io
o
gD
"!.'. )
Yengd)
R
»
1‘45
-t
" e
-l

o 2341
Clinical Case Reports _W] LEY

skin abnormalities, and her newborn screen was normal. A
quantitative PCR test on blood and urine samples was nega-
tive for congenital CMV.

Chromosome analysis revealed mosaicism for a pseudo-
isodicentic chromosome 9 with a breakpoint at 9p24 in 5
out of 20 metaphase cells (25%) [mos 46,XX,psu idic(9)
(p24.3)[5]/46,XX[15]] (Figure 1C, D). Almost all of chro-
mosome 9 was duplicated in this rearrangement (as 9p24.3
is the terminal short-arm band), resulting in a mosaic tri-
somy 9, where one of the centromeres appeared to be inac-
tive leading to a stable dicentric chromosome. Fluorescent
in situ hybridization (FISH) was performed using the
DNA probe for BCR/ABL (22q11.2/9q34). These results
showed three ABL (9q34) signals in 17% of the nuclei,
(nuc ish(ABLx3,BCRx2)[51/300]), thus confirming the
presence of three copies of the long arm of chromosome
9 (Figure 1B). Chromosomal microarray and subtelomere
FISH were not preformed. Therefore, we cannot rule out a
submicroscopic terminal deletion of 9p on the isodicentric
chromosome. By chromosome banding, the isodicentric

BCR(green)/ABL(red)

ABLXx3 from i(9q)

(D)

B

5
-
TN
[N I BN I BZZ N AN izl I | NN

(a) Frontal and profile views of patient at 7 months of age. (b) Interphase FISH showing the gain of ABL (red) due to the pseudo-

isodicentric 9. (c) G-banded karyotype of patient's pseudo-isodicentric 9. (d) Ideogram and partials of patient's pseudo-isodicentric chromosome 9
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chromosome appears to contain all p-arm material up to

s ¥R ® S

the terminal 9p24.3 band. Terminal 9p24.3 deletions have 8 SR 28 F9 53
been associated with gonadal dysgenesis and 46,XY disor- i.z En g 5 N € 3 g g k) 8
ders of sexual development.6 However, a mosaic deletion E "E S g § § § § S § S g
of this region, if present, would be unlikely to contribute NN M
to our patient's phenotype. Parental chromosome and FISH K
studies were not obtained to determine whether the origin E
of the pseudo-isodicentric chromosome 9 was inherited or 2
de novo. E

Early infancy was complicated by feeding difficulties E‘
due to her hypotonia and laryngomalacia. Therefore, on the S
56th day of life, a G-tube was placed and then replaced with E 2
MIC-Key gastrostomy device at 5 months of age until the E g > 2
patient was 14 months old. Her hearing test at 20 months of 4 E‘L § § L= 2 .
age was normal. She was also diagnosed with acquired hypo-
thyroidism, which continues to be managed with 50mcg of =
levothyroxine. 3

Developmental delay was noted, in the patient, at ‘é -
14 months when her gross motor skills were that of a 6- to n A MR X =
7-month-old. Her speech, receptive language, and expressive
language skills were that of a 7- to8—month-old, and her fine 7%
motor skills were at a 12- to 14-month-old level. At 20 months, E
the patient was able to scoot from one place to another and sit E = o v
without support. Her gross motor skills were that of a 9- to
10-month-old, fine motor skills at 14 months, speech skills at .
an 8-month-old level, and language skills at about 12 months. E
She also understood the meaning of the word “no”” and played §
well with her siblings. At 23 months, she was able to pull @ = o o o
herself up to a standing position. At 2 years and 3 months,
she was cruising, walking with assistance, and had about 40 =
words in her vocabulary, along with making friends at day- ‘g
care. By 2 years and 10 months of age, she was able to walk NS Y b

independently and was verbalizing even more. She contin-
ues to interact well with her siblings and the family dog. At

4 years 6 months of age, she has short stature, continues treat- ;
ment for hypothyroidism, and has some global developmen- E o < v <
tal delay but is attending preschool (Supplemental Figures
S1A-D and Supplemental Table S1). =
<)
3
E s X XXX X X X o

3 | DISCUSSION

Clinical features of mosaic trisomy 9 can vary in their pres-
entation and severity, making them difficult to predict.7’8
In almost all patients with mosaic trisomy 9, some degree
of developmental delay has been described. These vary in

Our Patient
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General Characteristics of Trisomy 9
Cardiac anomalies include arterial septal defect (ASD), ventricular septal defect (VSD), patent ductus arteriosus (PDA), and aberrant left subclavian artery (ASA).

severity, with fine and gross motor delays being the most 2 E "
prevalent, followed by speech and language delays.g’9 In :: 3 “@ 7 § -
addition, one of the cases reported by Zen et al (2010) pre- N 7 £ g = 2 2 g 2
sented with swallowing problems, gastroesophageal reflux, — 3 § % ; c: 5 g 2 _% % 8
and significant hypotonia.10 Several other children have been :J 3 e §° £ E g § o % = é
described to exhibit difficulty feeding as newborns and some > § % %0 E E '?g z g S z %
had a tube placed to aid in their nourishment™>% 112 (Table 1). : IR R
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Our patient's clinical findings of hypotonia, laryngomalacia,
feeding difficulties, and short stature have been reported in
several other trisomy 9 cases.®’

Although clinical findings in this case are consistent with
mosaic trisomy 9, the pregnancy was complicated by CMV
infection in the 3rd trimester, increasing the risk of congen-
ital CMV infection. Some of the symptoms overlap with
other reported cases of mosaic trisomy 9 patients; however,
our patient repeatedly tested negative for CMV, supporting
the pseudo-isodicentric chromosome 9 as the cause of her
phenotype.

Isodicentric and pseudo-isodicentric chromosomes are
rare constitutional abnormalities in humans. Usually, the
formation of these derivatives causes a partial monosomy
and partial trisomy of the chromosome(s) involved, which is
rarely compatible with life. There are two general processes
by which these isodicentric chromosomes are thought to
form. The first process takes place during either the S or the
G, phase of the cell cycle in either mitosis or meiosis, where a
break occurs in both chromatids followed by rejoining of the
broken ends (referred to as an isolocal U-shaped sister chro-
matid exchange) resulting in an isodicentric chromosome. '
In the second scenario, during G, phase of the cell cycle, a
small terminal deletion is followed by a U-shaped rejoining
of the broken chromatids, or “sticky” chromatids, after the
replication of the deleted portion, that forms the isochromo-
some.'* Due to the mosaic nature of the abnormality seen in
this patient, the isochromosome likely arose from a mitotic
error which has been proposed for other mosaic autosomal
isochromosomes. "> However, the exact mechanism resulting
in isochromosome formation in this patient is unknown.

4 | CONCLUSION

Mosaic trisomy 9 cases are rare and present with varying
phenotypic features and degrees of severity. To our knowl-
edge, this is the first report of a mosaic pseudo-isodicentric
chromosome 9. The patient's symptoms were consistent with
those of other mosaic trisomy 9 cases, including a PDA, nar-
row palpebral fissure, small ears, hypotonia, and hip dyspla-
sia all present at birth, and currently short stature and global
developmental delay. Due to the highly variable presentation
of mosaic trisomy 9, additional cases are needed with long-
term follow-up to fully understand the phenotypic spectrum.

ACKNOWLEDGMENTS

Special thanks to the Shivanand R. Patil, PhD Cytogenetics
and Molecular Laboratory. Published with written consent of
the patient.

CONFLICT OF INTEREST
None declared.

AUTHOR CONTRIBUTIONS

SB: analyzed data and wrote manuscript. OS and PT: clinically
evaluated the patient and reviewed the manuscript. JN and BD:
analyzed and interpreted data and reviewed the manuscript.

EDITORIAL POLICIES AND ETHICAL
CONSIDERATIONS

Parental consent was obtained for publication of patient
photographs.

DATA AVAILABILITY STATEMENT
Data sharing not applicable to this article as no datasets were
generated or analyzed during the current study.

ORCID
Sarah M. Beaudry "= https://orcid.
org/0000-0002-0911-822X

REFERENCES

1. Armstrong AA, Gaw SL, Platt LD. Mosaic Trisomies 8, 9, and 16.
In: Copel JA, D’Alton ME, Feltovich H, Gratacés E, Krakow D,
Odibo AO, Platt LD, Tutschek B, eds. Obstetric Imaging: Fetal
Diagnosis and Care (vol 153). Philadelphia, PA: Elsevier; 2018;
617-620e1.

2. Miryounesi M, Dianatpour M, Shadmani Z, Ghafouri-Fard S.
Report of a Case with Trisomy 9 Mosaicism. [ran J Med Sci.
2016;41:249-252.

3. HsuLY, Yu MT, Neu RL, et al. Rare trisomy mosaicism diagnosed
in amniocytes, involving an autosome other than chromosomes 13,
18, 20, and 21: karyotype/phenotype correlations. Prenat Diagn.
1997;17:201-242.

4. Bruns D. Presenting physical characteristics, medical conditions,
and developmental status of long-term survivors with trisomy 9
mosaicism. Am J Med Genet A. 2011;155A:1033-1039.

5. Haslam RH, Broske SP, Moore CM, Thomas GH, Neill CA.
Trisomy 9 mosaicism with multiple congenital anomalies. J Med
Genet. 1973;10:180-184.

6. Onesimo R, Orteschi D, Scalzone M, et al. Chromosome 9p
deletion syndrome and sex reversal: novel findings and redef-
inition of the critically deleted regions. Am J Med Genet A.
2012;158A:2266-2271.

7. Patil SJ, Ponnala R, Shah S, Dalal A. Mosaic trisomy 9 presenting
with congenital heart disease, facial dysmorphism and pigmen-
tary skin lesions: intricate issues of genetic counseling. Indian J
Pediatr. 2012;79:806-809.

8. Bruns DA, Campbell E. Twenty-five additional cases of trisomy 9
mosaic: Birth information, medical conditions, and developmental
status. Am J Med Genet A. 2015;167A:997-1007.

9. Pejcic L, Stankovic T, Ratkovic-Jankovic M, Vasic K, Nikolic I.
Clinical manifestations in trisomy 9 mosaicism. Turk J Pediatr.
2018;60:729-734.

10. Zen PR, Rosa RF, Rosa RC, Graziadio C, Paskulin GA. New report
of two patients with mosaic trisomy 9 presenting unusual features
and longer survival. Sao Paulo Med J. 2011;129:428-432.

11. Sanchez JM, Fijtman N, Migliorini AM. Report of a new case and
clinical delineation of mosaic trisomy 9 syndrome. J Med Genet.
1982;19:384-387.


https://orcid.org/0000-0002-0911-822X
https://orcid.org/0000-0002-0911-822X
https://orcid.org/0000-0002-0911-822X

2344 WI LEy_CIinicaI Case Reports BEAUDRY er at.

Open Access,

12. Saneto RP, Applegate KE, Frankel DG. Atypical manifestations of SUPPORTING INFORMATION
two cases of trisomy 9 syndrome: rethinking development delay.
Am J Med Genet. 1998;80(1):42-45.

13. Therman E, Trunca C, Kuhn EM, Sarto GE. Dicentric chro-
mosomes and the inactivation of the centromere. Hum Genet.
1986;72(3):191-195.

14. Lebo RV, Milunsky J, Higgins AW, Loose B, Huang XL, Wyandt
HE. Symmetric replication of an unstable isodicentric Xq chromo-

Additional supporting information may be found online in
the Supporting Information section.

How to cite this article: Beaudry SM, Shchelochkov O,
Trapane P, Darbro B, Nagy JIMW. Case report of a

some derived from isolocal maternal sister chromatid recombina- pseudo-isodicentric chromosome 9 resulting in mosaic
tion. Am J Med Genet. 1999;85:429-437. trisomy 9. Clin Case Rep. 2021;9:2340-2344. https://
15. Digilio MC, Giannotti A, Floridia G, et al. Trisomy 8 syndrome doi.org/10.1002/ccr3.4031

owing to isodicentric 8p chromosomes: regional assignment of a
presumptive gene involved in corpus callosum development. J Med
Genet. 1994;31:238-241.


https://doi.org/10.1002/ccr3.4031
https://doi.org/10.1002/ccr3.4031

