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ABSTRACT

Background: The current burden for recurrent pregnancy losses in India is quite high and is around 7.4% and majority
of them with no definitive cause for pregnancy loss even after complete RPL workup. The objective of the study was to
investigate the prevalence and possible association of chromosome polymorphisms with recurrent pregnancy loss
patients.

Methods: A single centre case-control retrospective study on RPL patients undergoing conventional cytogenetics
culture techniques to rule out chromosome abnormalities.

Results: The prevalence of chromosome polymorphism in the study was 33.7% (471/1400) high in comparison to
previous studies. The acro ps+/- polymorphisms involving D/G group of chromosomes was significantly higher in the
study group observed in 23.5% (330/1400) patients and 15.8% (58/366) in the control group p <0.005. The prevalence
of 22ps+ subtype polymorphism was significantly higher in the patient groups with the odd ratio OR (95% CI)- 2.35
(1.245-4.434).

Conclusions: This study substantiates the very high prevalence of CPMs and therefore should be interpreted cautiously
till further strong evidence are available, until then patient should be counselled on case-to case basis. In future CPMs
may play a crucial role in prognosis and management in unexplained RPL group with no other definitive cause identified
after RPL workup as per recommendations from international and national guidelines.

Keywords: Chromosome abnormalities, Chromosome polymorphisms, Genetic factor, Normal variants,
Polymorphisms, Recurrent pregnancy loss

INTRODUCTION

It’s has been estimated that 70% of all human conceptions
fails to complete full term of which 15-20% of clinically
recognized pregnancies ends up as pregnancy loss or are
spontaneously aborted before 20 weeks of gestation age.*2
Furthermore 5% of these women experiences two
consecutive miscarriages and 1-2% of them report with
two or more failed clinical pregnancies with diagnosis of

recurrent pregnancy losses (RPL) reported worldwide.3*
As per official communication the current burden for
recurrent miscarriages in India is quite high and is around
7.4%5 There are international and national
recommendation for the clinical management and further
evaluation of couples with clinical history of RPL based
on the evidence from scientific studies.®*” The current
established etiologies for recurrent pregnancy loss (RPL)
includes antiphospholipid syndrome, endocrinal or
metabolic disorders, uterine anomalies, and genetic factor
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due to chromosome abnormalities. According to these
guidelines, current treatment and interventions are
possible in only half of the patients while another half are
still categorized into idiopathic category with no major
definitive diagnosis could be established as recommended
after the RPL workup.2

The incidence of chromosome abnormalities in couples
with recurrent miscarriages is 2-5% mainly contributed
due to presence of balanced or Robertsonian
translocation.%” Though most miscarriages in first
trimester are sporadic or de novo in nature with majority
(~50%) of losses arising due to random numerical
chromosome abnormalities including trisomy’s or sex
chromosome monosomy followed by polyploidies.! The
parental karyotype is universally recommended
investigation for the diagnostics evaluation and further
clinical management of couples experiencing repeated
pregnancy losses.” In addition to evaluation of whole
chromosome abnormalities there are emerging evidence
over the years that the variation in the short arm and
nucleolar organizing (NOR) region that are commonly
referred to as chromosome polymorphisms (CPMs) for a
possible association in couples experiencing recurrent
pregnancy loss, unexplained infertility and other
reproductive failure or infertility.8*> There are various
studies from the patients of RPL that had also reported a
higher frequency of chromosomal polymorphisms i.e.
between 8-15% in couple with subfertility and pregnancy
losses.62° The real impact of chromosomal polymorphism
or normal variant in the human genetics remains
controversial as they are still considered as a normal
variant as a normal karyotype with no related phenotypic
and functional effects. As per international system
cytogenomic nomenclature, the recommendation for
reporting of chromosome abnormalities suggests not to
include chromosome  polymorphism in reporting
karyotype nomenclature but can be mentioned in the report
description to avoid any misinterpretation labelling as a
normal variant.?? However, over the years it has been
postulated through various scientific studies that
chromatin variations can affect centromere function that
could possibly impact chromosome segregation by
microtubule binding through kinetochore that serve as the
cohesion site between sister chromatids and chromosome
biorientation that can cause difficulty in homologous
chromosome paring and hence cell division during
gametogenesis.?>2* It has been further hypothesized that
the heterochromatin region in the chromosome plays an
essential role in spindle attachment, chromosome
movement and sister chromatid cohesion.?

Currently there is huge dilemma in the clinical
management of couples with history of recurrent
pregnancy loss classified into idiopathic category as
counselling of such patient is complex and challenging to
the gynaecologist with no other identifiable cause even
after routine RPL workup with no chromosome
abnormalities being detected. In the present study we
retrospectively evaluated genetic factor through by
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detecting chromosome abnormalities including balanced
translocation in the patient with history of RPL along with
the chromosome’s variations in D/G group chromosomes
and other normal variants. The purpose of the study was to
investigate the chromosome abnormalities and possible
association of chromosome polymorphism in recurrent
pregnancy loss patients for further clinical management of
patients.

METHODS

This was a single centre case-control retrospective study
conducted between September 2021 to May 2023 on the
samples received at our laboratory to rule out chromosome
abnormalities in sub-fertile couples. The study group
analysis included 1400 individuals with 700 couples with
an established clinical diagnosis of recurrent pregnancy
loss. The mean female age of 29.7 years with age range
between 21-45 years while men mean age was 33.3 years
and range between 21-50 years in the study population.
While the control group we included 336 individuals with
males age between 18-52 years and females age range
between 18-55 years no history of recurrent pregnancy
loss, secondary infertility, and patient sample received to
rule out chromosome abnormalities during the same
duration. An informed signed consent was taken from the
patient to participate in the biomedical/research studies
along with the test request form for getting the personal
characteristics and clinical history.

The metaphase chromosome preparation was done from
72-hour peripheral blood lymphocyte stimulated culture
for both the partners through conventional cytogenetics
culture techniques using the standard protocols.? At least
20 metaphases were analysed, and five metaphases were
karyotyped from each case using the bright field
microscope with automated karyotype software (Olympus,
Fluorescence Microscope Model BX53, Japan and
Applied Spectral Imaging’s, Band view Cytopower
Karyotype System, Israel). The minimum banding
resolution for each case was between 450-550 bands for
reporting of chromosome abnormalities and polymorphic
variants as per recommendation of the latest version of
international system for cytogenetic nomenclature
(ISCN).#* The very clearly and distinct chromosome
polymorphic variants were observed and documented in
all cases in the analysed metaphases for the large variation
in the length of centromeric heterochromatin on the long
arm of chromosomes 1, 9, 16 (1gh+, 9gh+, 16gh+) and the
distal heterochromatin region of chromosome Y (Ygh+).
Also, the polymorphic variations were analysed in the
acrocentric chromosomes (13, 14, 15, 21 and 22) with
increase or decrease in the length of short arm of satellites
and stalks were designated as ps+ and pstk+. Only the most
consistent and the prominent polymorphism observed in
all the metaphases were classified as a polymorphism
variant with at least twice the size of corresponding region
on the other homologous chromosomes acting as an
internal control for documentation (Figure 1).
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Figure 1: Some of the representative images of Chromosome Polymorphisms (CPM) observed among from RPL
patients from our study indicating: (a) gh+ (1,9, 16); (b) acro ps+; (c) acro pstk+ for 13,14, 15, 21 and 22
chromosomes indicated by the arrows.
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Figure 2: (A) Patient karyotype along with CPM on the NOR (acro) region on the short p-arm of the chromosome
14ps+, (B) Metaphase plate after GTG banding at 650 band resolution, (C) Inverted DAPI image with red FISH
signals for the acro ps+ region of D & G group chromosomes and (D) DAPI stained chromosomes 13,14, 15, 21 &
22 along with the FISH signal for the NOR region for the acro ps+ & acro pstk+ region on the p arm of the
chromosomes to rule out cryptic translocation between the chromosomes.
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The pericentric inversion of chromosome 9 and Y
commonly referred as inv(9) and inv(Y) and were also
recorded in the study. The fluorescence in-situ
hybridization (FISH) technique was applied utilizing
Acro-P- Arm Probe (catalogue number LPE NOR-S)
labelled with red fluorescence dye for further confirmation
and presence of the NOR region specific for rRNA genes
located on the short arm of the acrocentric chromosomes
(13, 14, 15, 21 and 22) to rule out suspected cases of
cryptic translocation processed as per the company
(Cytocell, Oxford Gene Technology, Cambridge UK)
recommended protocols (Figure 2).

Statistical methods

All the patient related information and variable factors
were captured daily in Microsoft Excel spreadsheet, and
analysis was done using the statistical package for social
sciences IBM Corp. released 2012. IBM SPSS Statistics
for Windows, version 28.00, IBM, Armonk, NY, United
States of America. Categorical variables were presented in
number and percentage (%). Categorical variables are
expressed as frequencies and percentages. Different types
of chromosome polymorphisms (CPM) observed and
classification between the groups were analysed and
compared using the 2 test. Fisher’s exact test was used
when fewer than five patients were expected. Odds ratio
(OR) with 95% CI was used to determine the odds of the
event occurring in study group as compared to control
group. P<0.05 was considered statistically significant.

RESULTS

The overall results of the study for the different types of
numerical and structural chromosome abnormalities are
summarized in the Table 1. In total in 21 (1.5%)
individuals chromosome abnormalities was detected and
chromosome polymorphisms in 471 (33.7%) individuals.
The balanced translocations were the most common
structural chromosomal abnormalities including both
reciprocal and robertsonian translocation in 17 (1.2%)
patients, predominately observed among the females 12
(0.85%) (Table 1). During the further analysis by
comparing different types of polymorphic variations
observed in the study and the control group, the prevalence
of acro ps+/- polymorphisms involving D/G groups of
chromosomes was significantly higher. In the study group
with 13ps+/-, 14ps+/-, 15ps+/-, 21ps+/-, 22ps+/- was
observed in 23.5% (330/1400) patient with p<0.005 in the
study group and 15.8% (58/366) individuals of the control
group. Among the acro ps+/- the prevalence of 22ps+
subtype polymorphism was significantly higher with the
odd ratio OR (95% ClI)- 2.35 (1.245-4.434). The most
prevalent CPM variant observed in the study group was
21ps+ (6.9%) and 22ps+ (6.7%) followed by increase in
the heterochromatin region 9gh+ (4.5%) and variants with
increase in the stalks on the short arm of acrocentric
chromosomes reported as acro pstk+/- (3.7%) couples
(Table 2).

Table 1: Summary of different types of chromosome abnormalities and polymorphism observed among 1400
individuals (700 sub fertile couples) with the clinical diagnosis of recurrent pregnancy losses (RPL).

Karyotype

Normal (46, XX/ 46, XY)
Chromosome polymorphism
Chromosome abnormalities
Numerical abnormalities
Mosaic

45, X [39]/47, XXX [11]

45, X [15]/46, XX [35]
Structural abnormalities
Reciprocal translocation

46, XY, t (2;4) (q37; p14)

46, XX, t (2;21) (q13; q22)
46, XX, t(3;13) (q12; g22)
46, XX, t (4;6) (p35: g21)

46, XX, t(6;19) (p21.3; p13.3)
46, XX, t (7;13) (932; q14)
46, XY, 1(7:20) (q11.2; q11.2)
46, XY, t (7:17) (022; 922)
46, XX, t (8:20) (g22; p13)
46, XX, t (18:20) (g21.1: g13.1)
46, XX, t (X;7) (924; 932)

46, XY, t (4;8) (931; 922)
Robertsonian translocation
45, XX, der (13:14) (q10; g10)
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Prevalence (%

n=1400), 700 couples

908 (64.8)
471 (33.7)
21 (1.5)
2 (0.14)
38/F
28/F
19 (1.4)
12 (0.85)
1 35/M
1 32/F
1 33/F
1 33/F
1 24/F
1 25/F
1 45/M
1 30/M
1 29/F
1 30/F
1 24/F
1 32/M
5 (0.35)
2 21/F

Continued.
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Karyotype Prevalence (%) (n=1400), 700 couples

45, XX, der (14;21) (q10; g10) 2 23/F
45, XY der (14;22) (910; g10) 1 35/M
Addition 46, XY, add (22) (g13) 1 33/M
Deletion 46, XY, del (22) (q12.3) 1 32/M

Table 2: Comparison and types of Chromosome polymorphic variations observed between the study group and the
control group without the history of recurrent pregnancy loss.

e Study groug Composition Control Compositio P

(CERHIEUIRNTElF (N:1¥1(£)JO) ' ratioFZ%) group (N=366) nrat?o (%) value Rl
1gh+ 1 0.07 0 0 1.000 Ref Ref
9gh+ 63 45 16 4.37 0916 1.031 0.588-1.807

gh+ 16gh+ 5 0.35 1 0.27 1.000 1.308 0.152-11.233
Ygh+ 10 0.71 3 0.81 0.739 0.871 0.238-3.180
Total 79 5.6 20 5.5 0.895 1.035 0.625-1.714

Chromosome variation in D/G genomes
13ps+ 28 2.0 5 1.4 0.425 1.474 0.565-3.883
14ps+ 55 3.9 9 2.5 0.180 1.633 0.794-3.314
15ps+ 55 3.9 11 3.0 0.407 132 0.684-2.548

acro ps+/-
21ps+ 97 6.9 22 6.0 0.533 1.164 0.722-1.877
22ps+ 95 6.7 11 3.0 0.007* 2.262 1.198-4.270
Total 330 235 58 15.8 0.002* 1.638 1.205-2.225
13pstk+ 2 0.14 1 0.27 0.502 0.5222 0.047-5.775
1l4pstk+ 7 0.5 1 0.27 1.000 1.834 0.225-5.474

v 15pstk+ 9 0.64 2 0.54 1.000 1.178 0.253-5.474
21pstk+ 20 1.4 7 1.9 0502 0.743 0.312-1.772
22pstk+ 15 1.07 2 0.54 0.549 1966 0.448-8.635
Total 53 3.7 13 3.5 0.834 1.068 0.576-1.982
Inv(@®) 8 0.57 3 0.81 0.707 0.695 0-184-2.635
Inv(Y) 1 0.07 2 0.54 0.111 0.130 0.012-1.439

Inversions Total 9 0.64 5 1.4 0.165 0.467 0.156-1.403
g{:{‘d 471 336 96 26.2 0.007* 1.426 1.102-1.846

*Signifies significant p value <0.05, Test used: Chi square or Fisher’s exact test (if any frequency <5).

Table 3: Details and frequency for different chromosomal polymorphic variants observed among male and females
(700 couples) with the history of recurrent pregnancy losses.

.. No. of . o
e - No. of male Composition Composition Total Composition P
ClRESEEiTEm CIFh ratiorz%) eI ratiop(%) \[o} ratiorz%) value
1gh+ 0 0 1 0.14 1 0.07 1.000
9gh+ 35 5 28 4 63 4.5 0.367
gh+ 16gh+ 2 0.28 3 0.42 5 0.35 1.000
Ygh+ 10 14 0 0 10 0.71 0.002*
Total 47 6.7 32 2.2 78 5.5 0.082
Chromosome variation in D/G genomes
13ps+ 12 1.7 16 2.2 28 2.0 0.445
14ps+ 28 4.0 27 3.84 55 3.9 0.891
acro ps+- 15ps+ 30 4.2 25 3.5 55 3.9 0.492
21ps+ 42 6.0 55 7.8 97 6.9 0.171
22ps+ 48 6.8 47 6.6 95 6.7 0.915
Total 160 22.8 170 24.2 330 23.5 0.529
acro pstk+- 13pstk+ 2 0.28 0 0 2 0.14 0.500
14pstk+ 3 0.42 4 0.64 7 0.5 1.000
Continued.
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o No. of male Composition
Classification CPM (n=700) ratiopz%)
15pstk+ 5 0.71
21pstk+ 11 1.5
22pstk+ 7 4.0
Total 28 4
Inv(9) 6 0.85
Inv(Y) 1 0.14
Inversions Total 7 1
Grand — ,, 345
total

f'\e'?,;gre Composition  Total ~ Composition P
ratio (%) No.  ratio (%) value
- 0.57 9 0.64 1.000
9 1.2 20 1.4 0.652
8 1.14 15 107 0.795
25 35 53 3.78 0.674
2 0.28 8 0.57 0.288
0 0 1 0.07 1.000
2 0.28 9 0.64 0.178
229 32.7 471 336 0.462

*Signifies significant p value <0.05, Test used: Chi square or Fisher’s exact test (if any frequency <5).

The study population was further evaluated for prevalence
of CPM as per the gender and was observed that the
prevalence of male carriers (34.5%) was little higher
compared to that of women carriers (32.7%) with no
significant difference (p=0.462). In the study population
acro ps+/- group chromosomes labelled as 13ps+/-,
14ps+/-, 15ps+/-, 21ps+/-, 22ps+/- were the most prevalent
forms even among the female carriers (24.2%) then the
male carriers (22.8%) with no clinical significance
(p=0.529). In the study group the most observed normal
variant among the female carriers was 21ps+ (7.8%) and
22ps+ (6.8%) in the male carriers with no significant
difference p>0.005 (Table 3).

DISCUSSION

Traditionally, chromosome polymorphisms (CPM) are
considered as normal variant in an individual with no
phenotypic or clinical significance.?? However, at present,
there are many published studies worldwide that had
hypothesized a close association of chromosomal
polymorphisms to unexplained infertility, reproductive
disorders, and couples with recurrent pregnancy losses.
This study for the first time highlights a higher prevalence
of chromosome polymorphic i.e., around 33.7% a
significantly higher prevalence compared to the earlier
reported studies from subcontinent from the sub-fertile
couples experiencing repeated pregnancy loss and primary
infertility.®15 Over the years there had been many reported
studies worldwide that had reported a significantly high
frequency of chromosomal polymorphisms between 8-
22% in the sub-fertile couples in comparison to the fertile
couples.’®® While in-contrast very few studies had
reported prevalence as low as to 1.6% in couples
experiencing RPL.%

The chromosome abnormality reported from the study is
3.0% (700 couples) that is in the lower limit range of
percentile contribution of genetic factor between 2-5% as
per the published guidelines for the evaluation and
management of couples of recurrent pregnancy loss.>” The
chromosome abnormalities observed in this study are also
in an agreement to other reported studies from the
subcontinent.81527-30 The most common chromosome
abnormality detected were for structural chromosome
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abnormalities that included both robertsonian and
reciprocal translocations in 2.7% of couples contributing
to about 90% of the total chromosome abnormalities
observed from the study. Approximately, twice the
number of females were seen with chromosomal
rearrangements with a female to male ratio of 2:1 in the
present study also in conjunction to other studies from the
region.?”%° The current study shows that the most common
and significant number of polymorphic variations
observed for D/G group of chromosomes for acro ps*
(23.5%) labelled as 13ps*, 14ps*,15ps*, 21ps*, 22ps*. The
prevalence of 22ps* was significantly higher in study group
as compared to the control group with odds ratio
suggesting that the study group including the patient of
recurrent pregnancy loss were 2.35 times more likely to
have 22ps* compared to the control group p<0.005 (Table
2).

The incidence 21ps* chromosomal polymorphisms are
reported to be higher in women (7.8%) but were not
significantly high compared to men (6.0%) in the study.
The aneuploidy for chromosome 21 is one of the most
common chromosome abnormalities observed postnatally
leading to high incidence of babies born with trisomy 21
consistent with the diagnosis of Down’s syndrome (1 in
876).31 Women with clinical history of recurrent
pregnancy loss and most miscarriages in first trimester are
sporadic or de novo in nature with majority (~50%) of
losses arising due to random numerical chromosome
abnormalities including trisomy’s or sex chromosome
monosomy followed by polyploidy’s as discovered with
the genetic testing of product of conception (poc) tissue.’
4 Further studies have established that the chromatin
variations in D/G chromosomes polymorphic variants
arises due to increased heterochromatin region in the short
arm of chromosome telomeres commonly known as NOR
are rich in large structural rRNA (5.8S, 18S, and 28S)
covering ribosomal genes. These rRNA gene are critically
important for the viability of cell and represent around
0.5% of the human diploid genome clustered in the short
arm or stalks attached to the centromeres and playing an
important role in spindle attachment and may cause the
defects in kinetochore assembly and centromere function
thus affecting the homologous chromosome paring,
chromosome movement, meiotic pairing and sister
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chromatid cohesion that could impact cell division and can
finally affect the gamete formation during
gametogenesis.!**3% These errors can further impact the
cell cycle and chromosome abnormalities in embryos

oogenesis leading to the formation of chromosomally
abnormal (aneuploid) gametes.

There are now many follow-up studies on the carriers of
polymorphism that had investigated the pregnancy
outcomes through assisted reproductive technologies in
infertile carriers of CPM. Hong et al, and few others had
highlighted that the chromosomal polymorphism seems to
have no adverse effects on pregnancy outcomes including
implantation and clinical pregnancy rate through IVF-ICSI
techniques.®>* In one of the recent studies as a the follow
up to the female carriers of D/G chromosome
polymorphisms in the embryos reported significantly
lower fertilization and cleavage rate in the embryos as
compared to the control patients undergoing IVF
treatment.® Cheng et al also reported significantly low
numbers of 2PN stages embryos, increased rate of
spontaneous miscarriage rate and preterm birth in infertile
couples undergoing assisted reproductive techniques as in
comparison to the patient with normal karyotype.'® In

arising due to non-disjunction of chromosome either due
to anaphase lag during the meiosis-1 or non-disjunction of
homologous chromosomes during meiosis 1l during

another study on unexplained RPL couples undergoing
preimplantation genetic testing for aneuploidy analysis
(PGT-A) highlighted that the male carriers had lower
blastocyst rate and high aneuploidy rate with no difference
in pregnancy outcomes as compared to the female carriers
suggesting an adverse effect on the embryo quality only.*4
Ni et al reported that the embryo transferred rate and
cumulative live birth rate of male polymorphism carriers
were significantly lower than those of female carriers and
normal karyotype couples in IVF/ICSI treatments. Their
seems to some connection between gender and CPMs as
the studies suggested that male CPMs are linked to a
higher cumulative early miscarriage rate and lower live
birth rate following in-vitro fertilization (IVF).%5% In this
study also the incidence of chromosomal polymorphisms
was higher in men but were not significantly different as
compared to women (Table 3). The current study on
analysis of CPM in sub-fertile couples showed that the
prevalence of polymorphic variants is higher as compared

to previous reported studies from the sub-continent (Figure
3).8-11,16,18-20,27,28,37-39

Chromosome Abnormlities & Polymorphism (CPM), RPL patients
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Figure 3: Review of literature for the chromosome abnormalities and polymorphism (CPM) from RPL patients
reported worldwide in correlation with our study.

Even though chromosomes analysis or karyotype test is a
gold standard investigation and remains an essential part
of genetic workup for detecting balanced translocations for
further management of patient before planning for any
future pregnancies, but still the reported prevalence of
chromosome abnormality is reported with low prevalence
from the region. One of the reasons for the lower
prevalence of chromosome abnormality from the
subcontinent could be access to the quality genetic
diagnostic care at an affordable cost to the patient. Further
the availability of genetic testing from an accredited
laboratory with experienced personals working behind the

International Journal of Reproduction, Contraception, Obstetrics and Gynecology

microscopes with demonstrated and proven competency to
detect cryptic  (small) structural chromosomal
rearrangements including translocations and
polymorphisms. However, other reason could be due to
socio-economic reasons of patient opting out for further
investigations including genetic testing after experiencing
psychological distress of recurrent pregnancy loss.

CONCLUSION

In conclusion the presence of normal variant should be
interpreted cautiously in the patient with recurrent

Volume 13 - Issue 3  Page 640



Fauzdar A et al. Int J Reprod Contracept Obstet Gynecol. 2024 Mar;13(3):634-642

pregnancy losses and should not be further ignored as they
may play a significant role in prognosis and treatment
needs to be followed by on case-to-case basis till further
strong evidence are available through scientific studies. In
the meantime, this approach can help treating clinician in
counselling and timely clinical intervention for plan for
future pregnancies in couples further that are categorized
as unexplained RPL. Also, there is a need for further case
control follow-up studies with male female carriers of
polymorphism through assisted reproductive technologies
followed by preimplantation genetic screening for
aneuploidy screening (PGS-A) to know the exact impact
of CPM in the embryo development including blastocyst
rate, aneuploidy rate followed by clinical pregnancy rate,
early miscarriages, and live birth rate for further
investigation of normal variant in the 21% century. The
current study instigates further research to explore for the
possible association of chromosome polymorphism of acro
ps+ region including 21ps+ and 22ps+ regions that may be
resulting in the high prevalence of chromosome 21
aneuploidies in women with advanced maternal age and
with history of recurrent pregnancy losses.
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