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Abstract

Chromosomal translocations (CTs) are the most common type of structural chromosomal abnormalities in humans. CTs
have been reported in several studies in the Arab world, but the frequency and spectrum of these translocations are not well
characterized. The aim of this study is to conduct a systematic review to estimate the frequency and spectrum of CTs in the
22 Arab countries. Four literature databases were searched: PubMed, Science Direct, Scopus, and Web of Science, from
the time of inception until July 2021. A combination of broad search terms was used to collect all possible CTs reported in
the Arab world. In addition to the literature databases, all captured CTs were searched in three chromosomal rearrangement
databases (Mitelman Database, CytoD 1.0 Database, and the Atlas of Genetics and Cytogenetics in Oncology and Hematol-
ogy), along with PubMed and Google Scholar, to check whether the CTs are unique to the Arabs or shared between Arabs
and non-Arabs. A total of 9,053 titles and abstracts were screened, of which 168 studies met our inclusion criteria, and 378
CTs were identified in 15 Arab countries, of which 57 CTs were unique to Arab patients. Approximately 89% of the identified
CTs involved autosomal chromosomes. Three CTs, t(9;22), t(13;14), and t(14;18), showed the highest frequency, which were
associated with hematological malignancies, recurrent pregnancy loss, and follicular lymphoma, respectively. Complex CTs
were commonly reported among Arabs, with a total of 44 CTs, of which 12 were unique to Arabs. This is the first study to
focus on the spectrum of CTs in the Arab world and compressively map the ethnic-specific CTs relevant to cancer. It seems
that there is a distinctive genotype of Arabs with CTs, of which some manifested with unique clinical phenotypes. Although
ethnic-specific CTs are highly relevant to disease mechanism, they are understudied and need to be thoroughly addressed.

Keywords Chromosomal translocations - Arab countries - Genotype—phenotype correlations - Cancer

Introduction

Chromosomal translocations (CTs) are genetic abnormali-
ties that involve an exchange of segments between chro-
mosomes, leading to unusual structural chromosomal rear-
rangements (Roukos and Misteli 2014). The consequences
associated with CTs depend on the location of the breaks,
which can lead to fusion of genes, gene disruption, or gene
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dysregulation (Wilch and Morton 2018). CTs are the most
common type of structural chromosomal abnormalities
found in humans and are classified into two main types,
reciprocal and Robertsonian translocations (Vasilevska et al.
2013). Reciprocal translocation involves an exchange of seg-
ments between two non-homologous chromosomes. In con-
trast, Robertsonian translocations usually involve acrocentric
chromosomes, in which the entire chromosome attaches to
another chromosome at the centromere (Wilch and Mor-
ton 2018). Both types of translocations can be presented in
balanced and unbalanced states (Roukos and Misteli 2014,
Vasilevska et al. 2013).

Balanced translocations are usually not associated with
phenotypic consequences and may pass undetected through
generations (Wilch and Morton 2018). Although the estimates
vary, balanced reciprocal translocations occur in about one
per 300-500 individuals, whereas balanced Robertsonian
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translocations are more frequent and occur in about one per
100 individuals (Wilch and Morton 2018; Priya et al. 2018).
Moreover, balanced translocations have been associated with
recurrent pregnancy loss. For example, among 2-5% of cou-
ples suffering from frequent miscarriages, one of the partners
was found to be a carrier of a balanced translocation (Dutta
et al. 2011; Sheth et al. 2013). On the other hand, unbalanced
translocations are less common. Still, they could lead to sig-
nificant clinical anomalies such as monosomy and trisomy,
accounting for around 1% of developmental delay and intellec-
tual disability cases (Weckselblatt et al. 2015). Further, unbal-
anced translocations detected in affected children could arise
de novo or may be inherited from a parent carrying a balanced
translocation (Weckselblatt et al. 2015).

CTs are clinically relevant as they play key roles in several
human cancers and non-cancerous diseases with a de novo
frequency of one in 2000 (Roukos and Misteli 2014). Chromo-
somal aberrations have long been considered a characteristic
feature of neoplasia, where acquired CTs have been reported
in more than 50,000 cases of different cancer types (Rowley
2001). In addition, there is compelling evidence that CTs play
a critical role in the initial pathogenesis events of about 20% of
cancers, although the exact mechanism is not fully understood
(Forabosco et al. 2009). CTs are also used as decisive diag-
nostic indicators for detecting several clinical syndromes using
molecular cytogenetic techniques (Mitelman et al. 2007). The
development of fluorescence in situ hybridization (FISH), mul-
ticolor FISH, and comparative genomic hybridization (CGH)
have enabled the specific detection of unique sequences, chro-
mosomal regions, and entire chromosomes for the identifica-
tion of numerous chromosomal abnormalities implicated in
oncogenesis (Nowakowska and Bocian 2004).

Although the spectrum of variants causing single-gene
disorders (Al-Sadeq et al. 2019; Doss et al. 2016; Khan
et al. 2021; Mosaeilhy et al. 2017; Zaki et al. 2017; Zayed
2015a, 2015b, 2015c¢) and associated with multifactorial dis-
eases (Abuhendi et al. 2019; Al-Thani et al. 2021; Alhababi
and Zayed 2018; Jemmeih et al. 2022; Younes et al. 2020;
Younes et al. 2021; Younes and Zayed 2019; Zayed 2016a;
Alsamman and H., Zayed, H., 2022) were reviewed in the
Arab countries, the spectrum and frequency of CTs among
Arab countries and their relevance to diseases have not
been reported yet. Therefore, this systematic review aimed
to explore the spectrum of CTs in the Arab world and their
association with diseases.

Materials and methods
Search strategy

Four databases were searched (PubMed, Science Direct,
Scopus, and Web of Science) for all articles published in

@ Springer

English from the time of inception until July 2021. Search
terms were broad to capture all conducted studies; this
includes “Chromosomal translocation,” in combination with
each of the 22 Arab countries, for example, “Iraq AND chro-
mosomal translocation.” In addition, relevant articles were
screened for both titles and abstracts for their eligibility.

Study selection

The studies included in this review were selected based
on the following inclusion criteria: (i) published in peer-
reviewed journals, (ii) conducted on Arab patients residing
in Arab countries, (iii) contained data on Arab patients diag-
nosed with any CTs, (iv) contained data about the frequency
of Arab patients with CTs, and (v) Arabs residing in only
Arab countries. Articles were excluded if they did not meet
the inclusion criteria. All citations were exported to Endnote
version X9, and duplicated articles were removed.

Data extraction and analysis

The collected data was reviewed twice by HTZ and FTA;
another layer of revision was done by the senior author HZ
to ensure that the data had been captured correctly. The eli-
gible articles were fully screened, and the data related to the
CTs were extracted, including disease, country, type of CTs,
patients’ karyotype, age, number of patients screened, clini-
cal phenotypes, method of CTs detection, association with
other genetic abnormalities, and presence of consanguinity.
To gain a better understanding of the ethnic distributions
of the captured CTs, and identify whether they are unique
to Arab populations or shared with other ethnic groups, in
addition to literature search, all captured CTs were searched
in the following databases: Mitelman Database (https://mitel
mandatabase.isb-cgc.org/search_menu), CytoD 1.0 Data-
base (http://www.changbioscience.com/cytogenetics/cytol.
pl), the Atlas of Genetics and Cytogenetics in Oncology and
Hematology (http://atlasgeneticsoncology.org/), PubMed,
and Google Scholar.

Results
Search findings

The search strategy identified 9,110 citations, of which
9,053 remained after removing duplicates. A total of 8,756
citations were irrelevant and therefore excluded. After the
abstract screening, 297 citations were thoroughly screened
for the inclusion criteria as described in the Methods sec-
tion. Of these, 168 studies were eligible and included in our
systematic analysis (Fig. 1). All reported CTs in the analysis
were checked through several chromosomal rearrangement
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databases, as indicated in the “Methods” section, to identify
their clinical significance and determine whether they are
unique to the Arab populations or not.

The frequency of CTs among Arabs and their clinical
findings

The CTs and their clinical significance captured in our
study are summarized in Table 1, Table 2, and Table S1.
Our strategy identified Arab individuals with CTs in 15
out of the 22 Arab countries. No studies were captured in
Bahrain, Comoros, Djibouti, Iraq, Mauritania, Somalia, and
Yemen. The highest number of CTs was reported in Egypt
(n=93), followed by Tunisia (n=69), Morocco (n=46),
Syria (n=36), Saudi Arabia (n=31), Oman (n=29), Qatar
(n=22), Lebanon (n=16), Jordan (n=12), Kuwait (n=11),
Algeria (n=6), Sudan (n=3), and UAE (n=2), while only
one CT was reported in each of Libya and Palestine. A total
of 378 CTs were reported in individuals belonging to the 15
Arab countries (Table S1), of which 57 CTs were unique to
Arabs (i.e., reported in Arabs and not reported in any other
ethnic groups) (Table 1), and 321 CTs were shared with
other ethnic groups (Table S1). Of the 378 CTs, 190 (50.3%)
were reciprocal including 27 de novo and 22 familial CTs,
whereas 40 (10.6%) were Robertsonian including 12 de
novo and eight familial CTs. Further, CTs frequency among
Arabs showed males preponderance. All autosomal and sex
chromosomes were involved in the captured CTs (Fig. 2).
The majority (89.4%) of the CTs involved the autosomal

Fig. 1 Flow diagram of the
selected articles

chromosomes. Chromosomes 22, 9, 1, 21, 14, 3, 18, 8, and
12 were the most frequently involved chromosomes, while
chromosome Y was the least involved. Three translocations
showed the highest frequency among Arabs: (i) t(9;22) in
Egypt, Jordan, Kuwait, Lebanon, Morocco, Oman, Qatar,
Saudi Arabia, Syria, and Tunisia; (ii) t(13;14) in Egypt,
Morocco, Oman, Qatar, Saudi Arabia, and Tunisia; and (iii)
t(14;18) in Egypt, Jordan, Lebanon, Saudi Arabia, and Tuni-
sia. There were only 16 autosome-sex CTs: t(X;1), t(X;3),
t(X;6), t(X;9), t(X;10), t(X;13), t(X;14), t(X;16), t(X;17),
t(X;18), t(X;20), t(X;9;22), t(X;Y), t(Y;10), t(Y;14), and
t(Y;22), which were reported in Egypt, Jordan, Morocco,
Oman, Qatar, Syria, and Tunisia (Fig. 2).

Clinical findings in Arab patients with CTs

The clinical phenotypes associated with the reported CTs
among Arabs are one or more of the following: hematologi-
cal malignancies (51.6%), recurrent pregnancy loss (RPL)
(22.0%), birth defects and intellectual disabilities (12.4%),
infertility and subfertility disorders (4.7%), soft tissue malig-
nancy (2.8%), monosomies and trisomies (2.3%), neurologi-
cal disorders (1.6%), disorders of sex development (0.8%),
metabolic disorders (0.5%), and other disorders (0.8%) as
shown in Fig. 3. Hematological malignancies such as acute
lymphoblastic leukemia (ALL), chronic myelogenous leu-
kemia (CML), de novo acute myeloid leukemia (AML),
multiple myeloma, and follicular lymphoma (FL) were the
most reported malignancies among Arabs in Algeria, Egypt,

[ Included J [ Eligibility ] [ Screening ] [Identification]

PubMed Science direct Scopus Web of science
(n=428) (n=8373) (n=93) (n=216)
Records after removing duplicates
(n=9053)

|

Records screened Records excluded
(n=9053) (n=8756)
N
Full text articles assessed for
eligibility (n=297)
g Full-text articles excluded
l with reasons
) Cytogenic analysis not
Eligible studies for review (n=168) done (n=51)
h g No acess to full-text
article (n=76)
( ) Non-English (n=2)
Studies included for review (n=168)
J

@ Springer



Chromosoma (2022) 131:127-146

130

(¥00T T8 19 payez

(Y10T '8 19 Hsey
(29661

‘e 30 Tewey]

(8102
‘2 30 B[-1AN0qY

(1107 K101qeq-19

(oot
Te 30 Aqy-19

(T10T T8 19 pesoiN

(0T0T T2 30 Apeyrg

(31174
‘[e 30 uooqen)

8] dwos
-owoIyd Jurl
- )M PRIRIDOSSY

wSIPEUo
-3odAy renreq

saInedy
[eIORJOIURID
JOUnSIp pue
‘sorddu K1e
-rownuradns
‘eruojodAy
‘Keop e}

-uowdo[eadq
(EW-TAY)
IO NI[ INAD

-o[oAwold 9oy

(01)10p
ON  [JIM PIJRIOOSSY

uonedso[sueI
- xordwoo Arewtid

s91dnoo

Jo pep ut

poriodar A
-umsuesuo))

syjeop
[ereUOSU puR
‘SyIQIIDS ‘son

- -InqesIp [eo1sAyd

a3erired
-STW JUALINOY
S108)
oyroads pue
“uowraredur
Surreay
‘Kreydosorotu
‘uonepeial
IMOIS AI9AS

(zeb-1ad)1g
pue 193b-gzby
Awostn Tened
- UMM POJRIOOSSY
aWov)No
JjuouneaI)
Joyqryur [T ose

- Arewtig  -1owosiodo) 1004

sjuejul
paddeorpuey
A[reyuow
JorydiowsAp
Jo yaq oy
pue suonioqe

JUQLINOSY

clpue [
SOWIOSOWOIYD
Ul uoneIo|
-suexn Sur
-AjoAur 9[dnod

snoaurnguesuo)) Krewig

uaIpIyo
paddeorpuey
A[reyuow jo
yIq pue ‘uon
-BULIOJ[BW [B)9)
QHIQIS ‘suon
-Joqe pojeadoy]

/1

/1

€L/
€LIT

/1

0C1/9

YCe/Tl

/1

/1

/A9

J/wua9

/K86

IN/IK 8¢

W/K S9
N/K 6¢

/A8

A8T ‘N 9%
/ALE “uRIPIN

N S ‘AL /K0S-€T

d/KTT
d/keT
N/K0E

rd

TN

0AOU 9]

we,J

oaou o]

(T11deeb) (818N

(sehiseb)(01:on

(61°L1*9T1:STN

(e1b:zzed)(erxn

(11di11b)(TTieN
(gTbtyeb) (X9 N

(zebiseb) (1T n

(gTbriian

(9zbiszb)(9:pn
(S1d:gzd)(Lien
(T9cbigzd)(STien
(Srbtged)(S1iTN

(rdsprd)(re:Ln
(Sehipzd)(9:pn
(11d:gzd)(8'en

REN

REN

20y

oy
o0y
oy
o0y

JeEX |
00y
JeEX |

SUONEBOO[
-suen} Surdwn(

uoueqo| [euonmnsuo)

JuowoFueIIRdI
[eWosowoIyd
padsuerequn)

ueplof TNV

sol[ewoue
reyuasuo)

1dd

QWIOIPUAS UMO(

SETUAYNo|
pIo[oAW Inoe
parerar-Aderay,

1dd

SON)IULIOJP

AT g yum 14y

QOUIAY

sonIewIouqe

10710 IIM
PRJRIO0SSE/UOT)
-eynw Arewrtig

odfy

KmumSuesuo)) -ouayd [eotuI))

PAUAIDS "ON
/siuaned Jo "oN

X3s /a3y

OAOU Op/[eIfTe,]

adKjoArey]

ad4&y s.uon
-BOO[SURIL],

Anunoo o1qery aseasI(q

SOINUNO) qely SUOWE SUONEJO[SUET) [ewosowoIyd anbrun ayJ, | ajqeL

pringer

Qs



131

Chromosoma (2022) 131:127-146

uaw ut
Amnasyur pue
eruiradsooz Wr- - (orbiorb)(1zisTN qod erui1adsoozos
-031]0 019A9S b T 1ID)OT:AN o0y -1[0 9IOADS pUR
(810 ' 10 ejery - - ‘enuradsoozy 115/6% /- - (zedsrzd) (6N REN| TeeQ eruadsoozy
sown
oM ISB9 JB
JO Q0ULINI0 IN/A6T (frdaaab)(gipn 20y
(600 'Te 12 pnon - Arewtig 9BeILIRISTA 09L/81 W/A6T - (rebizeb)(eri ooy gtel
(S10T '8 12 pnon - - TIV €-91d 0zT1/£6 /AL - (Trd:grb)(r1:6N - uewQ TV
(o1b:01b)(ET:E TN QoY
¥STI/T - - (ridsprdy(resren qoy
(TTbigeb)(81:en RN
(610T T2 o3eLLreosIw (rebipb)(grien REX|
reyre) (610C snosueyuods (zediced)(gon o0y gtel
‘Te 39 Jeyrey[q - Krewrig JUQLINOYY ¥STIY - - €1bp1d) (110N 20y snoouejuodg
Aipiqesip
(810C [emoa[[ojur (rdrrd)(resron RN | Aiqe
Te 0 Apexjeg - Arewitid  oruoIpuAs-uoN 00CI/71 49 ‘N 8/- - (ggbizib)(Liton REX | O3J0I0]N  -SIp [eMII[[AU]
suorn
Kderoy) -eoo[suen yd
Joyqryur [e1SSE[D PIM
(eZ10T Teyeg oseuDy SUISOIA) 9soy) 0 SIsou
[V pue euerIpy - M PIARIO0SSY -Soxd xerutg /1 /A9 - (erdigebibipeb)(1iLiTTion - TND
SQINJBSy
(z10z 819 [ed1UI[d TIND
BAOYJU D0WEZ, - Arewrtig 0} Te[rurg /1 /49T - (T1dirbipeb)(Triceion ooy TAD
$10J08J [8D
(S102 -130[012 13yj0 aSerLreosIWw 1dd
‘Te 30 yoewolorq ON  [JIM POIRIOOSSY I19pI0-yYSTH /1 /KLE 0AOU (] 1b:01d) (11:L0 - Jremny| snosuejuodg
sonIEwIouqe
ISYI0 YIM
PpojeIdOSSB/UOT) adKy POURAIDS "ON ad4y s.uon
QOUAIJOY Arum3uesuo) -ejnwt Arewlg  -oudyd eorur)  /syuened Jo "oN X9s /o8y  OAOU dp/[eI[Iue,| odfjoArey]  -eoofsuel],  Anunoo dIqery aseasig

(ponunuoo) | sjqey

pringer

a's



Chromosoma (2022) 131:127-146

132

uonaep QINZIos pue
Gzbg pue ‘uon ‘Keop yooads
-eordnpoioru ‘saInyeoy
¢zbg1 ‘uonorop oydiowsAp
(0z0T -omw Hebey - “Kisaqo Kiiqe W/ATT Aipnqe
T8 19 "wayseyy - [PIM POIRIDOSSY  -SIP [EMIO9[[IUL e /AT oaou o (gTb'peb)(8TicTN £ -SIp [emd[[U]
Kefop [ejuowr
-dojoadp pue
‘SUOTJRUIIOJ et
JIR[NOSBAOIPIED
‘wistydrowr
(11oc -sAp eroey awoIp
Te 30 eyITeyy] ON Arewti  ‘eIsone [euLOyd /1 N/wg oAou o (1°Cehpeb)(8:pn - -uks HOYVHO
pooiq
rexoydured ur
(bp)ep 1SB[qOIYIAI0
pue (bg)lep  Sunenoo pue BIWOYNI|
(S10T £1qelly - IM paerossy eruadojhoueq %1 N/A8Y - (z1bz 11d)(6:80 - proxyke amg
Aredow
-oua[dsoyedoy
‘ersejdsAp
(81) 1op+°81- [eUWIopO3d9
(T10T ueLLy) SOX  m pajerdossy  “Apeydecorory LIg W/ATT red (@ 11dTHeb) (8140 20y sajeqerp | odAy,
uonew
-JojTew ureiq uonedso|
(L102 pue adKjouoyd -sue) pojLIoyuI
Te 10 peyleNTV SOX Arewrig [ed150[0maN S/ - ®’IN  (£'9¢b19¢bL prbeTHb (LT RN peoue[equp)
swstydiow
-Kjod orporre
soferLew D0120CY
snoourngues urquioayjoxd
-u09 Jo K10)s1Y pue udpI| saInyrej
Aqrurey pey A 10108) (iim KoueuFaid jo IL1/1 d/Kgg (tedigzd)(Lien REX|
(89107 e @ DENY,  s9[dnod jo 9 ¢¢ PAIRIO0SSY a3eroAe YSTH 1L1/1 W/~ - (cebirgbizebiggb)(9ieTipien o0y 144
sonIewIouqe
ISYI0 YIIM
PpajeIdOSSE/UOT) adKy POURAIDS "ON od£y s.uon
QOURIJOY Ayrum3uesuo)) -eynwt Arewlg  -oudyd eorury)  /syuened Jo oN X9s /o8y  OAOU dp/[eI[Te,{ adKjokrey  -eoofsuel], aseasig

(ponunuoo) | sjqey

pringer

Qs



133

Chromosoma (2022) 131:127-146

BIWUNI[
onse[qoydwA|
TIvV-4 [[95-g pue
0] pauLIojsues) (¢zebie1zd) (6N - ewoydwA|
(910T T8 19 BJemy - xordwo) g apers T4 Inpy /1 /8¢ oAou o (z1biz9ghb) (0T en - Te[nOI[[0]
(2600C aseyd (T 11b:pebi1ebiy1digyb)
Te 30 YOV 1V - xo[duro)y  oruoIyd Ul TAD /1 d/As - (TT6:SH N - TAD
(eL00T
T 39 JeYOV-IV - xo[dwo) - 1/1 - - (@11b peb i c1d)(TTi6'on oy TIND
4!
wosowoIyd
QAIIBALIOD © saInyed)
(e010C pue g Kwostn [BI1UI[O TIND (cTe1°CTI:6N REX |
Te 39 TPV [V - ym xopduwo) 03 Je[ruig /1 d/AGT - (cerbzridierzimn REX | TAD
qrunewt
6 AwosLn yIm d[qerean
pue 19b/ | ‘soSueyo
0} 1¢b.1 J0 [ewosowoIyd
0102 Kwostn Tented Krepuooas xord (1bs1 03 TZbL1ic eTd(LT9T 20y
Te 30 IRV [V - [IIM POJRIDOSSY  -W0d (M TIAD /1 N/A0E - (11b:peb)(TT 6N 20y TND
TIND JUBISISAT
(®¢10T -ore[Asowr
Te 30 I[PV - Arewitig quunewy /1 /Aty - (@1ibgr1dipeb)(czioren RN | TND
Junod
DdM pajeAd[d
ue pue ‘I9AdJ
“yS1om Jo Ssof
suoneoso[suen ‘an3ney ‘sisox
(910T e 19 ‘BJemy - PoIRIoO0SSE OM], -opos odnny /1 d/k9t oAou o @1~z 1ibiey~zrb)(cin 9y eLAS 1dvV
SonI[EWIOUqE
ISYI0 YIM
PpojeIdOSSB/UOT) adKy POURAIDS "ON ad4y s.uon
QOUAIJOY Arum3uesuo) -ejnwt Arewlg  -oudyd eorur)  /syuened Jo "oN X9s /o8y  OAOU dp/[eI[Iue,| odfjoArey]  -eoofsuel],  Anunoo dIqery aseasig

(ponunuoo) | sjqey

pringer

a's



Chromosoma (2022) 131:127-146

134

UOEOO[SURI) PAOUB[EQUN ‘UOIIBOO[SUBT) PIOUEB[R]..

eIy N9 onkooaAwold 9noe “7Jy soniew
-IOUQE Jed PUB ‘SANI[RULIOU]ER [BIIUAT ‘UOIIBPIRIAI [)MOIS ‘QRUBOYD BISAE ‘S109JOp 1B ‘BWIO]O[09 ‘QU0Apuls FO¥NVHD ‘BIUNI] PIO[AAW OIUOIYD “T) ¢ss0] AoueuSaid JuUa1Indal “7y eruoy
-noT onkooydwA] noe ‘7Y ‘erwano] onsejqoydwA] 9noe 77y ‘Teursrews ‘ow [eurdjed ‘pd ‘[errurej ‘wnf (skep ‘p ‘sypuow ‘ws (s1edk ‘A {URTUO0SIIOQOY ‘qOYy ‘[8d01dI0RI 02y SUONIRIAIIqQY

asderar
pue SISBIPIpUED

sonI[eWIOUqE SIRISAS 0]
0102 JOUYI0 YIIM PIJe onp sisougoxd W/ALT
‘e 19 “mouusg - -1osse Arewitld  1ood yum TAY -IT /K98 - (ord:o1d)(O1:xn - TAV
(T11bie1dipeb)(TTizTion
9¢€/1 (@ 11byebireb) (T 6 mN o0y
9€€/1 (T 11bipebiLTb) (Tt 6' v N o0y
9€¢/1 (T 11bpebieIb)(TTi6 v o0y
SQIN)B9y 9¢¢/1 (T 11byebizybiyed)(zzieiTiIn 20y sjuaWFUeI
(8600C suonafop [e21uI]o TND 9€¢/1 (T 11bspebizd:1¢biygb) o0y -IedI-y jue
‘[e 1o Imouuag - M PAJRIOOSSY 0} Ie[lurg 9¢ee/1 - - (AR EARHA N REX | -HeA JIM TIND
sol[ewoue
[e1oe} pue
9zde ‘uoneuLIoj[ew
Kwosouow [en [ejuasuod
-1ed pue gebg ‘umoIs epyIq
1102 Kwostn Tenred priw ‘uon eurds pue uon
‘Te 39 ye[[epqy ON UM PIJBIOOSSY  -BPIRIQI [RIUSAL /1 /K9 oAou (] (z9zdiseb)(cion 29y -BpIR)I [RIUDIA
(worqoxd
Annaogur
‘o8erIIedsTI
JUALINDAT)
(agr10z aIn[rej sAn
Te 30 moejley - Arewitig -onpoiday 9/c  N/A8'9€ :ueay - (zebigeb)(grion RN | Anaoguy
J3erured
(BLTOT Te 12 poky - Arewtig — -STUI JULIIMOOY 9Te/N A/ - (szb:gzb)(01:p) 9y BISTUN], 1dd
SonI[EWIOUqE
ISYI0 YIM
PpojeIdOSSB/UOT) adKy POURAIDS "ON ad4y s.uon
QOUAIJOY Arum3uesuo) -ejnwt Arewlg  -oudyd eorur)  /syuened Jo "oN X9s /o8y  OAOU dp/[eI[Iue,| odfjoArey]  -eoofsuel],  Anunoo dIqery aseasig

(ponunuoo) | sjqey

pringer

Qs



Chromosoma (2022) 131:127-146

135

Jordan, Kuwait, Lebanon, Morocco, Oman, Qatar, Saudi
Arabia, Sudan, Syria, and Tunisia. Further, CTs related
to recurrent pregnancy loss, birth defects, intellectual dis-
abilities, monosomy, and trisomy syndromes were the most
frequent disorders reported among patients from Egypt,
Morocco, Oman, Saudi Arabia, and Tunisia (Table S1).
Around 46% of the reciprocal translocations were reported
in patients with malignancies, and 48% were associated with
RPL, birth defects, and intellectual disability. In compari-
son, 80% of the Robertsonian translocations were reported
in patients with RPL and intellectual and developmental dis-
abilities (Table S1).

The clinical molecular diagnostics methods that were
used to diagnose the CTs among Arab patients included
FISH, karyotyping, multiplex PCR, RT-PCR, nested PCR,
microarrays, immunophenotyping, western blot, northern
blot, southern blot, immunohistochemistry, and compara-
tive genomic hybridization (CGH) (Table S1).

The frequency of unique CTs and their associated
phenotypes among Arabs

Among the 378 identified CTs, 57 (15%) were unique to the
Arab populations. The uniqueness of these CTs to Arabs was
confirmed by searching these variants in different databases,
including Mitelman Database, CytoD 1.0 Database, the
Atlas of Genetics and Cytogenetics in Oncology and Hema-
tology, PubMed, and Google Scholar. The highest number of
identified unique CTs was found in Egypt (n=12), followed
by Tunisia (n=10); Syria (n=38); Morocco (n=38); Saudi
Arabia (n=7); Qatar, Oman, and Kuwait (n=3); Jordan
(n=2); and Lebanon (n=1) (Table 1, Fig. 2). All identi-
fied distinctive CTs were reported only once among Arabs.
Further, 12 were complex translocations involving more than
two chromosomes.

As for the associated phenotypes, 23 (40.0%) of the iden-
tified unique CTs were found in patients diagnosed with
hematological and soft tissue malignancies, mainly CML,
AML, and FL, while 21 (35.6%) were found in patients with
RPL, 8 (13.6%) in those with birth defects and intellectual
disabilities, and four (6.8%) in those with fertility disorders
(Table 1). Further, most of these unique CTs were recipro-
cal (67.8%) and associated with various conditions, whereas
only three were Robertsonian (5.1%) and associated with
RPL and fertility disorders.

The frequency of complex CTs and their associated
phenotypes among Arabs

Complex CTs involving more than two chromosomes were
reported in 9 out of 15 Arab countries. As shown in Table 2,
a total of 44 complex CTs were reported, of which 12
(27.3%) were unique to Arabs, and 32 (72.7%) were shared

with other ethnicities. Tunisia had the highest number of
reported complex CTs (n=25), followed by Syria (n=10),
Kuwait, and Morocco (n=2), while only one complex CT
was reported in each of Algeria, Jordan, Lebanon, Oman,
and Saudi Arabia. Among these complex CTs, 41 (93.2%)
were associated with hematological malignancies, includ-
ing CML (n=35), AML (n=3), and ALL and APL (n=1).
Further, 33 CTs involved three chromosomes (three-way
CT), nine involved four chromosomes (four-way CT), and
two involved five chromosomes (five-way CT). The t(4;9;22)
and t(9;21;22) were the most frequently reported complex
CTs in patients diagnosed with CML (n=3 each) in Syria
and Tunisia (Table 2, Fig. 4). Of note, 12 complex CTs were
unique to the Arabs and not reported elsewhere.

Distinctive phenotypes of shared CTs among Arabs

Out of 321 captured shared CTs, seven were reported with
distinctive clinical phenotypes in the Arab patients, while
they were associated with other clinical phenotypes in other
ethnic groups. An example of such CTs is t(14;18), reported
in a patient with chronic hepatitis C virus (HCV) infection in
Egypt (Roulland et al. 2014). However, in the literature, this
CT was reported in association with FL in Europe and East
Asia (Zhu et al. 2020; Leich et al. 2009). Another example
is t(12;19)(q13;q13), which is commonly reported in AML
cases, but in Tunisia, this CT was reported in a patient
with premature ovarian failure (Ayed et al. 2014; Huret
et al. 2003). Further, t(7;16)(p22.1;p11.2) was reported with
a distinctive phenotype in Tunisia in a patient with autistic
disorder. In the literature and CTs databases, translocations
between chromosome 7 and 16 at various breaking points
were reported in cancer cases such as fibromyxoid sarcoma
and endometrial stromal sarcoma, but no report of autistic
disorders was found (t(7;16) n.d). Additionally, the t(1;16)
(923;q13), reported in Egypt in a case of cerebro-oculo-
facio-skeletal (COFS) syndrome (Temtamy et al. 1996), have
been associated with different phenotypes in other ethnic
groups, such as malignant peripheral nerve sheath tumors
(MPNST) in Japan (Velagaleti et al. 2004). Also, the t(3;4)
(q28;p16), reported in Tunisia in a case of RPL (Hajlaoui
et al. 2018a), was found to be linked with oropharynx squa-
mous cell carcinoma in other ethnic populations (t(3;4)
(q28;p16) n.d).

Discussion

To our knowledge, this is the first review in the Arab
world to comprehensively and systematically analyze peer-
reviewed published articles related to patients with CTs
from Arab countries. In this review, we investigated the
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Fig. 2 Distribution of the different combinations of the chromosomes involved in chromosomal translocations in the Arab Countries. Chr: chro-

mosome

spectrum and frequency of CTs in the Arab world. We used
broad selection criteria to capture all data related to CTs in
the Arab world. Our search strategy identified 168 studies,
with a total of 378 CTs reported in 15 out of the 22 Arab
countries (Table S1). The involvement of chromosomes in
translocations showed a random distribution, where all the

Fig. 3 The clinical phenotypes

autosomal and sex chromosomes were involved in translo-
cations at least on one occasion. The highest frequency of
CTs was reported in Egypt, Tunisia, Morocco, Syria, and
Saudi Arabia (Fig. 4). The captured CTs were detected using
different molecular diagnostic methods but mainly using
banded karyotyping, FISH, or RT-PCR. More recent studies

associated with chromosomal Others 4 3 (0.8%)
translocations in the Arab coun-
tries. ID: intellectual disability Metabolic disorders 4 2 (0.5%)
Disorders of sex development 4§ 3 (0.8%)
Neurological doisorders 6 (1.6%)

Clinical phenotype

Monosomies and trisomies o ] 9 (2.3%)

Soft tissue malignancy - 11 (2.8%)

Infertility/ subfertiliy | 18 (4.7%)

Birth defects, ID 4 |48 (12.4%)

Recurrent pregnancy loss o

85 (22.0%)

Hematological malignancies o

199 (51.6%)

50 100 150 200
Frequency
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Fig.4 The distribution of chromosomal translocations in the Arab world. This figure was created with BioRender.com

used CGH to uncover cryptic rearrangements in the patients
(Gregori et al. 2007; Vissers et al. 2007).

The most common CTs reported among Arabs were
t(9;22), t(13;14), and t(14;18) at a frequency of n =29,
n=15, and n=13, respectively. The reciprocal CT t(9;22),
was most reported in studies from Egypt, Syria, and Tuni-
sia. This CT, which generates the Philadelphia chromosome
(Ph), is usually detected in more than 90% of patients with

@ Springer

CML and occurs in 3—-5% of children with ALL, 25% of
adult ALL, and in around 2% of children with AML (Aplenc
et al. 2011; Arico et al. 2000; Kang et al. 2016). A study con-
ducted in Brazil reported a prevalence of 90.3% of classic Ph
CT among CML patients (Chauffaille et al. 2015). Among
Arabs, this translocation was primarily associated with
hematological malignancies, including CML (44.8%), ALL
(41.4%), and AML (10.3%). Notably, a higher prevalence
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of ALL due to Ph chromosome was reported among Arabs,
particularly in male children aged 412 years. Although not
reported, this could be due to the high prevalence of con-
sanguinity and endogamy among Arabs and the major gaps
between the social classes in the Arab countries compared to
other populations (Tadmouri et al. 2009). A previous study
conducted in the UAE suggested that socioeconomic factors
could contribute to the relatively higher frequency of ALL
among children of subcontinental origin when compared
to other ethnic groups. In addition, the study indicated that
parental consanguinity is significantly associated with the
diagnosis of lymphomas among children (Révész et al. 1997;
Révész et al. 1996).

Moreover, the Robertsonian CT, t(13;14), was the sec-
ond most common CT reported among Arabs, showing the
highest frequency in patients from Egypt (n=5), Morocco
(n=4), and Tunisia (n=3) (Fig. 4) with clinical phenotypes
of RPL (n=38) and fertility disorders (n=4). This transloca-
tion is one of the most common Robertsonian CTs reported
worldwide in which carriers usually show normal pheno-
types, but male carriers can have infertility problems asso-
ciated with oligospermia (Choi et al. 2013; Mahjoub et al.
2011). Female carriers of the karyotype 45,XX,t(13;14)
(q10;q10) were reported to be at risk for developing repro-
ductive problems, including miscarriage and infertility
(Choi et al. 2013). A study conducted in Belgium reported
a 66.7% prevalence of t(13;14) among Robertsonian CT car-
riers (Keymolen et al. 2011). In Poland, a cohort of 101
pedigrees of t(13;14) carriers was screened for clinical out-
comes and showed a high frequency of recurrent miscar-
riage (34.7%) (Engels et al. 2008). However, no evidence of
increased infertility rates among male and female carriers
was found. Further, reports of this CT in children are scarce
where only a single study conducted in Russia reported the
occurrence of this CT in a child with developmental delay
due to maternal inheritance (Dolskiy et al. 2018). Neverthe-
less, in this review, three children with Turner syndrome,
Down syndrome, and intellectual disabilities were reported
to have this CT in Egypt and Morocco (Mokhtar et al. 2003;
Belkady et al. 2018; Latrech et al. 2018).

The t(14;18)(q32;21) was most frequently reported in
patients with FL and diffuse large B-cell lymphoma. This
reciprocal CT is considered a hallmark for FL and a recur-
rent abnormality in other types of non-Hodgkin lymphoma
(NHL) (Rabkin et al. 2008). Further, the t(14;18) is fre-
quently detected in the peripheral blood and tissue samples
of healthy individuals, but the clinical significance is still
unclear (Schiiler et al. 2003). Additionally, the t(14;18)
(g32;921) is rarely associated with CLL and reported in less
than 2% of CLL patients (Chen et al. 2016). Among Arabs,
this CT was reported in a study conducted in Lebanon on a
CLL Arab patient (Haddad et al. 2021). Tang et al. proposed
that t(14;18)(q32;q21) could be an early pathogenetic event

in CLL cases and may represent a secondary aberration that
is not necessarily responsible for the disease onset since sev-
eral CLL patients acquire novel abnormalities during the
course of disease (Chen et al. 2016; Tang et al. 2013; Put
et al. 2009; Shanafelt et al. 2006). Interestingly, two forms
of this CT, t(14;18)(q13:p22) and t(14;18)(q21:p11), were
reported in two females with RPL in Tunisia (Ayed et al.
2017b). A similar clinical phenotype was reported in only
one study conducted in Japan on couples with two or more
consecutive miscarriages, and hence, the exact involvement
of t(14;18) in these cases remains unclear (Otani et al. 2006).

Among the identified CTs, 57 were distinctive to the
Arab populations (Table 1) and were not previously reported
in any study or database (Al-Achkar et al. 2013b, 2013c;
Asif et al. 2016). All these CTs were reported once among
Arabs, and hence, no frequent CTs were found in the Arab
world. Interestingly, the t(21;21)(p11;p11) was the only CT
reported with two different clinical phenotypes based on
the type of translocation: intellectual disability when recip-
rocal and spontaneous RPL when Robertsonian (Belkady
et al. 2018; Elkarhat et al. 2019). Both CTs were reported
in 21-year retrospective studies conducted in Morocco on
patients with intellectual disabilities and couples with recur-
rent spontaneous miscarriage, respectively.

Most of the unique CTs were identified in Egypt, which
were mostly cases of RPL. Consanguinity was reported in
only five cases (Elhady et al. 2020; AbouEI-Ella et al. 2018).
However, it is most likely that consanguinity is underre-
ported in these cases and could possibly be a significant con-
tributor in RPL. Indeed, several studies conducted in Arab
countries and non-Arab countries reported higher chances
of miscarriage among consanguineous couples (Bellad et al.
2012; Saad and Jauniaux 2002; Gowri et al. 2011). The esti-
mated prevalence of RPL is around 1-5% in married couples
worldwide, where several etiological factors are involved,
including parental chromosomal abnormalities (2-5%),
anatomical alterations (10—15%), infections (0.5-5%), endo-
crinological disorders (17-20%), and immunological factors
(20%) (Issa et al. 2021; Arias-Sosa et al. 2018). Neverthe-
less, in many cases, routine gynecological and laboratory
investigations fail to identify the underlying cause of RPL.
Hence, among the possible causes, CTs could be one of the
etiological factors underlying RPL. Unfortunately, due to the
growing cultural and religious sensitivity and controversy
over reproductive health issues, this area remains relatively
unexplored in Egypt. In addition, of the 57 unique CTs, 23
were detected in patients who presented with hematological
malignancies and solid tumors, mainly in Syria and Tunisia
(Table 1, Fig. 4). Previous studies reported that Syria had the
highest incidence of leukemia at the national level in 2007
(Dong et al. 2020). This could be attributed to the unique
CTs that have not been thoroughly investigated yet.
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Complex CTs, which involve more than two break-
points on two or more chromosomes, are not very com-
mon. However, among Arabs, complex CTs were reported
in 11.6% of all identified CTs, mainly in Tunisia (56%)
and Syria (23%), where chromosomes 9 and 22 were
involved in 20 complex CTs. This CT was also reported in
CML patients with complex variant translocations involv-
ing other chromosomes in addition to chromosomes 9 and
22 (Asif, et al. 2016; Manabe et al. 2011). However, such
cases are not frequent and can be found in about 5-8%
of CML cases (Manabe et al. 2011). Some studies have
suggested that patients with variant Ph translocations may
have an adverse prognosis (Gorusu et al. 2007; Potter
et al. 1981; Loncarevic et al. 2002; Reid et al. 2003; Bern-
stein et al. 1984), while others suggested that these CTs
have no prognostic effect (Bernstein et al. 1984; Marzoc-
chi et al. 2011). Therefore, their impact on the prognosis
and treatment response in CML patients is not conclusive.
Notably, 12 complex CTs were not reported in the litera-
ture or any searched databases. Among these unique CTs,
our search identified three-way, four-way, and five-way
CTs, most of which involving the Ph chromosome and
associated with CML and AML (Al-Achkar, et al. 2013c,
2007b; Kamal et al. 1996b; Adriana and Al Bahar 2012b;
Achkar et al. 2010; Bennour et al. 2009b), except for one
complex CT that was reported in a patient with a history
of 12 miscarriages in Saudi Arabia (Turki et al. 2016b).
Four-way CTs are rare, with less than 60 cases reported
in the literature (Asif, et al. 2016). Similarly, five-way
CTs are very rare in CML patients, with only a few cases
reported (Yokota et al. 2012). Our search identified nine
different four-way CTs, of which three were unique to
Arabs and two five-way CTs, both of which were reported
in CML cases in Syria and Tunisia and found to be unique
to the Arab populations (Bennour et al. 2009b; Al Achkar
et al. 2009b).

The findings of distinctive CTs and complex CTs could
be due to the unique genomic architecture of Arabs (Zayed
2016b, 2016c), which is not well represented in the genomic
databases. This emphasizes on the importance of such stud-
ies on the healthcare of Arab patients with CTs.

Finally, we investigated the clinical phenotypes of the
shared CTs between Arabs and other ethnic groups; we
further classified them as common or unique. We found
that seven Arab patients seem to have manifested distinc-
tive clinical phenotypes, mainly in Egypt and Tunisia.
Nevertheless, no clear correlation between these CTs and
the associated phenotypes was identified, which mandates
further investigation to highlight the significance of these
findings.

Some limitations were encountered in our study: first,
the lack of detailed clinical data about the patients as
most of the captured studies did not report some key data
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about the translocations, making it difficult to compare
the different studies from different countries and iden-
tify other confounding factors that might be associated
with the captured cases. Second, the variations in studies
included in this review made it challenging to identify a
general prevalence trend among Arab countries of CTs.
Third, the lack of cytogenetics and molecular analyses in
some studies; and fourth, variations in the detection meth-
ods used to capture the CTs, which could have affected
the accuracy of the results in terms of identifying the
exact breakpoints in the CTs. For instance, PCR-based
detection was reported to be less sensitive than FISH
analysis due to its inability to detect all breakpoint vari-
ants in CTs (Gomez et al. 2005). Therefore, a standard
method of detection could help in improving the detection
and diagnosis of CTs.

Conclusion

This study addresses something that is not adequately
reported, which is the ethnic CTs and their high relevance
to cancer. This is the first systematic review to study the
frequency and spectrum of CTs in the Arab region. In
this study, 168 studies reported a total of 378 CTs in 15
Arab countries. We found distinctive CTs susceptibility
profile to cancer and unique complex CTs that were found
only among Arab populations (not existing in different
ethnic groups); these are important for disease prognosis
and diagnosis. This comprehensive study is important to
highlight the health disparities that may exist within the
Arab populations. Further, this work marks an important
starting point for future studies focused on the etiology
of CTs and highlights several hurdles within the Arab
populations that will have to be overcome by further stud-
ies. This includes more openness and less stigma around
issues such as reproductive health, consanguinity, and
endogamy.
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