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Dear Editor,

It has been suggested that genes are distributed non-randomly on human chromosomes
(Hecht, 1988; Lima-de-Faria and Mitelman, 1988; Lima-de-Faria et al., 1991; Mouchiroud et
al., 1991; Saccone et al., 1992; 1996; Musio et al., 2002; Rafiee et al., 2008). Recently we re-
ported that polymorphic loci associated with susceptibility to either breast cancer (Saify and
Saadat, 2012) or schizophrenia (Saadat, 2013) are non-randomly distributed on some human
chromosome segments.

It is well established that Parkinson's disease (PD) is a complex multifactorial neuro-
degenerative disease that was considered the result of environmental and genetic factors
(Siderowf, 2001; Warner and Schapira, 2003; Allam et al., 2005; Trinh and Farrer, 2013).
Based on familial aggregation studies and the study of twins, it has been established that ge-
netic elements have significant roles in the development of multiple sclerosis (MS) (Ascherio,
2013; Cree, 2014).

Several meta-analyses based on genetic polymorphisms have been widely performed to
assess the association between particular gene variants and PD or MS risk. Some of these
studies were indicating that the study polymorphisms were not associated with the risks of PD
or MS. However, in other studies significant associations with risks of PD or MS, at least in a
specific ethnic group were reported (Lill et al., 2012a; b). Taken together, we suggested that
loci associated with the risk of PD or MS may be distributed non-randomly on human chro-
mosomes. Therefore the present study was carried out.

Meta-analysis studies published up to February 2014 with information of genetic poly-
morphisms and PD risk were identified using Parkinson's Disease Research Forum (PDGene
database http://www.pdgene.org) electronic database (Lill et al., 2012a). Information of genetic
polymorphisms and MS risk was identified using MSGene database (http://www.msgene.orq)
electronic database (Lill et al., 2012b).

To evaluate the non-randomness distribution of susceptible loci on each chromosomal
band(s) the method of Tai et al. (1993) was used. The relative width of each band was meas-
ured using the diagram of the International System for Chromosome Nomenclature (ISCN,
1981). A probability of P<0.05 was considered statistically significant.

There were 881 studies concerning the associations between 915 genes (3446 polymor-
phisms) and risk of PD. Table 1 shows the genes with their genetic polymorphisms associated
with susceptibility to PD in at least one ethnic group. There are 20 loci associated with risk of
PD. Statistical analysis revealed that the PD susceptible loci distributed non-randomly on hu-
man chromosomes. Human chromosome segments 1931-1g32 (P<0.001) and 17¢21-923
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(P<0.001) were bearing significantly higher numbers of susceptible loci for PD. There are
four genes which associated with susceptibility to PD on 1g31-gq32 (SLC45A3, NUCKS1,
SLC41A1, and PM20D1/ PARK16). There are three genes which associated with susceptibil-
ity to PD on 17g21-923 (PLEKHM1, MAPT, and MED13).

There were 789 studies concerning the associations between 809 genes (2907 polymor-
phisms) and susceptibility to MS. Table 2 shows the genes with their genetic polymorphisms
associated with risk of MS in at least one ethnic group. There are 44 loci associated with MS
risk. Statistical analysis revealed that the MS susceptible loci distributed non-randomly on
human chromosomes. Human chromosome segments 1p22, 5p13, 17q12-21.2, 19p13, and
19913 (P<0.001) were bearing significantly higher numbers of susceptible loci for MS. There
are four genes which associated with MS risk on 5p13 (IL7R, PTGER4, C7, and HEATR7B2).
There are three genes which associated with susceptibility to MS on each chromosomal seg-
ments of 1p22 (EVI5, RPL5, and FAM69A), 17912-21.2 (CCL8, CCL1, and STAT), 19p13
(VAV1, TYK2, and IF130) and 19q13 (TGFB1, APOE, and LILRA3).

Already the non-random distributions of polymorphic loci associated with both breast
cancer (Saify and Saadat, 2012) and schizophrenia (Saadat, 2013), were reported. A mass
screening test might be designed using genes located on above mentioned chromosome seg-
ments for diagnosis of PD and MS. It is suggested that using simultaneously polymorphisms
of the genes located on the above mentioned chromosome segment can increase the sensitivi-
ty and specificity of the mass screening test for detecting high risk individuals for developing
Parkinson's disease and multiple sclerosis.

Table 1: List of genes that associated with Parkinson's disease risk

Gene Symbol Location ]\11\Y]
CCDC21 1p36.1 -

GBA 1921 606463
SLC45A3 1932.1 605097
NUCKS1 1932.1 611912
SLC41A1 1931-932 610801
PM20D1/PARK16 1932 613164
STK39 2024.3 607648
ACMSD (NR4A2) 2922-923 601828
MCCC1 3025-g27 609010
GAK 4p16 602052
DGKQ 4p16.3 601207
BST1 4p15.32 600387
SNCA 4921 163890
MMRN1 4q22.1 601456
HLA-DRB5 6p21.3 604776
LRRK2 12q12 609007
PLEKHM1 17q21.3 611466
MAPT 17q21.1 157140
MED13 17922-923 603808
MAOB Xp11.23 309860
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Table 2: List of genes that associated with multiple sclerosis risk

Gene symbol Location OMIM
MMEL1 1p36.3 -

EVI5 1p22 602942
RPL5 1p22.1 603634
FAM69A 1p22.1 614542
CD58 1p13 153420
FCRL3 1g21.2-g22 606510
RGS1 1931 600323
KIF21B 1931-932 608322
SLC4A5 2p13 606757
CXCR4 2921 162643
CBLB 3913.11 604491
TMEM39A 3021.1 -

IL12A 3025.33 161560
CXCL10 4921 147310
IL7R 5p13 146661
PTGER4 5p13.1 601586
C7 5p13 217070
HEATR7B2 5p13.2 -
HLA-DRB1 6p21.3 142857
OLIG3 6023.3 609323
IL7 8021.12 146660
IL2RA 10p15.1 147730
CHUK 10924 600664
INPP5A 10g26.3 600106
CD6 11g12.2 186720
TNFRSF1A 12p13.31 191190
KLRB1 12p13.31 602890
CYP27B1 12¢g13.1-q13.3 609506
SH2B3 12q24.12 605093
MPHOSPH9 12g24.31 605501
RGMA 15¢26.1 607362
CLEC16A 16p13.13 611303
IL21R 16pl2.1 605383
CCL8 17g12 602283
CCL1 17912 182281
STAT3 17g21.2 102582
CD226 18qg22.2 605397
VAV1 19p13.3 164875
TYK2 19p13.2 176941
IFI30 19p13.11 604664
TGFB1 19g13.2 190180
APOE 19¢13.32 107741
LILRA3 19g13.42 604818
CD40 20q12-q13.2 109535

726



EXCLI Journal 2014;13:724-727 — ISSN 1611-2156

Received: May 17, 2014, accepted: June 22, 2014, published: June 24, 2014

ACKNOWLEDGMENTS

This study was supported by Shiraz Univer-
sity.

CONFLICT OF INTEREST
No conflicts of interest exist.

REFERENCES

Allam MF, Del Castillo AS, Navajas RF. Parkinson's
disease risk factors: genetic, environmental, or both?
Neurol Res 2005;27:206-8.

Ascherio A. Environmental factors in multiple sclero-
sis. Expert Rev Neurother 2013;13:3-9.

Cree BA. Multiple sclerosis genetics. Handb Clin
Neurol 2014;122:193-2009.

Hecht F. Fragile sites, cancer chromosome break-
points, and oncogenes all cluster in light G bands.
Cancer Genet Cytogenet 1988;31:17-24.

ISCN. An international system for human cytogenetic
nomenclature-high resolution banding. Cytogenet Cell
Genet 1981;31:1-23.

Lill CM, Roehr JT, McQueen MB, Kavvoura FK,
Bagade S, Schjeide BM et al. Comprehensive re-
search synopsis and systematic meta-analyses in Park-
inson's disease genetics: The PDGene Database. PL0oS
Genet 2012a;8:1002548.

Lill CM, Roehr JT, McQueen MB, Bagade S,
Schjeide BM, Zipp F, Bertram L. The MSGene Data-
base. Alzheimer Research Forum 2012b; Available at
http://www.msgene.org/.

Lima-de-Faria A, Mitelman F. The chromosome terri-
tory of human oncogenes. Bioscience Rep 1988;6:
349-54,

Lima-de-Faria A, Mitelman F, Blomberg J, Pfeifer-
Ohlsson S. Telomeric location of retroviral oncogenes
in humans. Hereditas 1991;114:207-11.

Mouchiroud D, D'Onofrio G, Aissani B, Macaya G,
Gautier C, Bernardi G. The distribution of genes in
the human genome. Gene 1991;100:181-7.

Musio A, Mariani T, Vezzoni P, Frattini A. Heteroge-
neous gene distribution reflects human genome com-
plexity as detected at the cytogenetic level. Cytogenet
Cell Genet 2002;134:168-71.

Rafiee L, Mohsenzadeh S, Saadat M. Nonrandom
gene distribution on human chromosomes. EXCLI J
2008;7:151-3.

Saadat M. Chromosomal distribution of schizophrenia
susceptibility loci. J Mol Neurosci 2013;51:401-2.

Saccone S, De Sario A, Della Valle G, Bernardi G.
The highest gene concentrations in the human genome
are in T-bands of metaphase chromosomes. Proc Natl
Acad Sci U S A 1992;89:4913-7.

Saccone S, Caccio S, Kusuda J, Andreozzi L, Ber-
nardi G. ldentification of the gene richest bands in
human chromosomes. Gene 1996;174:85-94.

Saify K, Saadat M. Non-random distribution of breast
cancer susceptibility loci on human chromosomes.
Breast Cancer Res Treat 2012;136:315-8.

Siderowf A. Parkinson's disease: clinical features, ep-
idemiology and genetics. Neurol Clin 2001;19:565-
78.

Tai JJ, Hou CD, Wang-Wuu S, Wang CH, Leu SY,
Wuu KD. A method for testing the nonrandomness of
chromosomal breakpoints. Cytogenet Cell Genet
1993;63:147-50.

Trinh J, Farrer M. Advances in the genetics of Parkin-
son disease. Nat Rev Neurol 2013;9:445-54.

Warner TT, Schapira AH. Genetic and environmental
factors in the cause of Parkinson's disease. Ann Neu-
rol 2033;53:516-23.

727



