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Human PON Promoters: From Similarity to Prediction of Polymorphic
Positions within Transcription Factor Elements

M. Najafi* and Z. Jangravi

Biochemistry Department, Iran University of Medical Sciences, Tehran, lIran

Abstract: The human paraoxonases (PON) are a group of anti-oxidative enzymes that catalyze important reactions in
body. Some polymorphic variations within the PON genes have been reported to relate with several diseases. In this arti-
cle, the polymorphisms of the PON upstream regions were evaluated to predict their positions within elements of tran-
scription factors by similarity tools. However, taxonomy studies suggested the PON2 duplication on the chromosome 7
but pairwise alignments did not show vast similarity among the fragments of PON promoters. Multiple sequence align-
ment (MSA) tool showed the PON1 T-107C and PON3 C-31T positions are conserved within several transcription ele-
ments. Based on these tools, the review assumes that the PON upstream regions have no similarity and only two polymor-
phisms are considered to interact with several transcription factors.
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INTRODUCTION

The paraoxonases are known as a group of anti-oxidative
enzymes that hydrolyze lactones, esters, thiolactones, car-
bonates and phosphotriesters [1]. These enzymes also cata-
lyze important reactions including detoxification of organo-
phosphates in the nervous tissue [2] and protection of lipids
from oxidation in body [3, 4].

Association between the paraoxonases and atherosclero-
sis, diabetes, sepsis, Alzheimer’s dementia, Parkinson and
cancer has been reported in several studies [5, 6]. Based on
these studies, the PON tissue levels are dependent on various
factors including the polymorphic variations within coding
and non-coding regions [7, 8]. In this article, we focus on the
short DNA stretches covering polymorphic sites within the 5'
regulatory regions of PON genes and evaluate these frag-
ments as the elements of transcription factors.

METHODS

The alignment tools were applied to identify the nucleo-
tide similarity among the PON promoters. The following are
the stages for prediction of polymorphic positions in the
transcription elements: 1) The polymorphisms within 5'
regulatory regions of the PON genes were searched and
evaluated to be clinically associated with diseases. 2) The
DNA fragments covering the polymorphic sites (wild type)
were continually shortened and searched by Matlnspector
program to find the transcription elements despite decreased
sensitivity for the shorter fragments. 3) The MSA tool was
used to predict the polymorphic positions within the tran-
scription elements and also the frequency of their interaction
with transcription factors. The tissue specific patterns of the
transcription factors were checked at Symatlas data set
(http:// symatlas.gnf.org).
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PARAOXONASE GENE CLUSTER

The human PON gene family has three members, PON1
(HGNC: 9204), PON2 (HGNC: 9205) and PON3 (HGNC:
9206), clustered on the reverse strand of chromosome
7921.3-22.1 (Fig. 1).

Based on the taxonomy studies, the PON2 is the oldest
member of this family [9] and its similarity to the other
members of PON family is about 65% (Ensembl) (Fig. 2).

SIMILARITY AMONG UPSTREAM REGIONS OF
PON GENES

Upstream fragments (2.4 kb) of the PON genes (En-
sembl) aligned by MSA tool (Fig. 3). The results showed
that the percent of nucleotide mismatches within consensus
sequence is up to 23%. Based on the pairwise comparison,
Dot plots also showed no similarity between 5’regulatory
regions so that the longest similarities between PON2 vs.
PON1 and PON2 vs. PON3 promoter sequences were 11nt
and 16 nt, respectively (Fig. 4).

POLYMORPHISMS WITHIN PON1 PROMOTER
REGION

Human PON1 enzyme expresses widely in the liver and
then transports to the cell membrane where it can be inte-
grated with high-density lipoprotein (HDL) [10].

Based on population studies, the Q192R (rs662) and
M55L (rs854560) polymorphisms are associated with several
diseases [11-15]. Brophy reported that the M55L polymor-
phism is responsible for 15.3% of variations in the serum
PONL1 activity, but this dropped to 5% after adjusting the C-
107T and the Q192R polymorphisms [16].

Primary reports suggested that -107, -126, -162 and -907
positions may affect PON1 mRNA levels [7, 16-18] (Fig. 5).
Further studies have shown that the distribution of polymor-
phisms within the regulatory region of PON1 gene is differ-
ent among ethnic groups (MIM: 168820) so that the -107,
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Fig. (1). PON gene cluster.
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Fig. (2). Nucleotide similarity among PON coding regions. Result is obtained by CLC sequence viewer (ver. 6.3).
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Fig. (3). Nucleotide similarity among PON upstream regions. Gap open cost =10; Gap extension cost = 1 and End gap cost was free. (CLC
sequence viewer).
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Fig. (4). Pairwise alignment of upstream regions of PON genes. Dot plot A, PON 2 vs. PON1 promoter regions. The longest similarity (11nt)
is between 2390-2401(PON2 promoter seq.) and 96-107 (PON1 promoter seq.) fragments. Dot plot B, PON 2 vs PON3 promoter regions. The
longest similarity (16nt) is between 606-922 (PON2 promoter seq.) and 2218-2234 (PON3 promoter seq.) fragments. Minimal length of
alignment is 7 nt and arrows show the longest alignment regions.

-162 and -907 polymorphisms are more related with dis- C-107T POLYMORPHISM
eases. Tables 1-3 show the association of these polymor-
phisms with several diseases and the C-107T site is consid-
ered more important as compared to other sites [19-29].

The PON1 serum concentration and activity are associ-
ated with the —107C variant as suggested by Deakin. The
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«..GAGAAGGAAA (G/C;rs3917464) AGACA.......GAGA (-907:G/C;rs854572) ACATG.......ACTGCT (-832:
A/G;rs854571) TTCT....AGAGC(-732:A/G;rs3917465) TTATA.......TGGGG (-554:G/A; rs3917466)

126:C/G;rs705380) GAC....GGGG(-107:C/T; rs705379) GGGGC....ACCATG

Fig. (5). Polymorphisms within upstream region of the PON1 gene.

Table 1. Allele Distribution of PON1 C-107T Polymorphism
P T C Case/Control Disease/Country
0.61 0.39 Case Dementia
Sig. France
0.49 0.51
Control [19]
0.52 0.48 Case SALS
Sig. Australia
0.57 0.43
Control [22]
\S 0.42 0.58 Control Diabetes
0.45 0.55 Type 1 Czech
NS 0.46 0.64 Type 2 [24]
0.56 0.44 +Heart Disease Diabetes
Sig. Switzerland
0.49 0.51
-Heart Disease [26]
0.57 0.43 Case CHD
NS China
0.56 0.44
Control [28]
0.47 0.53 Case Stroke
Sig. USA
0.48 0.52
Control [29]

P; P value: Sig. <0.05 and NS > 0.05. SALS; Sporadic Amyotrophic Lateral Sclerosis.

variant has greater affinity for Sp1 transcription factor and is
indicated as high-expresser variant [30]. The results have
been confirmed by others (Table 1).

We aligned a short fragment (GGGCGGG) covering the -
107 position with the transcription elements and found nine
with high similarity. Multiple sequence alignment (MSA)
showed that —107C variant is highly conserved within the
elements. The results also showed that in this region, several
elements are probably involved in gene expression and may
act synergistically in elevation of the PON1activity in the
serum (Fig. 6).

A-162G POLYMORPHISM

The A-162G polymorphism has been studied in several
diseases (Table 2). Brophy reported the position has ap-
proximately a two-fold effect on the PON1 mRNA level as
compared to the -126 and -907 polymorphisms [16]. We
found three transcription elements similar to fragment
(GGIGC) covering -162 site on reverse strand, but the posi-
tion did not stand within the core (conserved region within

the transcription element) of elements (Fig. 7). Based on the
similarity and epidemiological studies, the fragment is not
effectively involved in the PON1 gene expression.

G-907C POLYMORPHISM

Some studies have reported that the —907G variant is
related with the serum PON1 concentration and activity in
several diseases [17, 20] (Table 3). We observed five tran-
scription elements similar to fragment (AGACA) covering -
907 site. The effect of —907G variant on the PON1 gene ex-
pression was not clearly discernable since the polymorphic
site was not located within the core of transcription elements

(Fig. 8).
HAPLOTYPES

The —107C, —824A and —907G haplotype is related with
the serum PON1 concentration and activity as reported by
Leviev. This study has also shown the -907G allele is associ-
ated with reduced risk of vascular disease in younger pa-
tients but not in older patients probably due to a reduction in
the PON1 activity [27].
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Fig. (6). Multiple sequence alignment of nine transcription elements similar to fragment (GGGCGGG) covering PON1 C-107T position. The
C nucleotide (Wild type) in gray boxes shows the —107C position within the elements. Graphs show the nucleotide similarity among ele-
ments. Capitals (4 letters) show core of the transcription elements. The elements are found and aligned by Matlnspector program and MSA
tool. SP1; GC-Box factors SP1/GC, KLF6_1; Krueppel like transcription factors, PAX; PAX-5 B-cell-specific activator protein, CTCF &
BORIS; CTCF & BORIS gene family, transcriptional regulators, KLF6; Krueppel like transcription factors, KKLF; Krueppel like transcrip-
tion factors, EGR; EGR/nerve growth factor induced protein C & related factors, GC; GC-Box factors SP1/GC.

Table 2.  Allele Distribution of PON1 A-162G Polymorphism
P G A Case/Control Disease/Country
0.78 0.22 Case Dementia
NS France
0.81 0.19 Control
[19]
0.77 0.23 Case SALS
NS Irish
0.71 0.29 Control
[21]
0.60 0.39 + Micro albuminuria Diabetes
Sig. Australia
0.75 0.25 - Micro albuminuria
[25]
0.84 0.16 Case CHD
Sig. China
0.90 0.10 Control
[28]
0.21 0.79 Case Stroke
NS USA
026 074 Control
[29]

P; P value: Sig. <0.05 and NS > 0.05. SALS; Sporadic Amyotrophic Lateral Sclerosis.

The indirect haplotype analyses in Chinese Han women
showed that the PON1 C-107T and PON2 S311C (rs7493)
polymorphisms are significantly related to coronary heart
disease (CHD) [31]. We reported the role of haplotypes (-
107, -162 and -907 sites) in CHD patients. Our findings
showed a significant association between the number of -
107C alleles within two allelic haplotypes and stenotic arter-
ies [32, 33]. In addition, there was a significant association

between PON1 arylesterase activity and the -107C variant
[34].

POLYMORPHISM WITHIN PON2 PROMOTER RE-
GION

Human PON2 enzyme known as an intracellular ant-
oxidative enzyme is expressed in a variety of tissues includ-
ing the liver, lung, heart, kidney, placenta and testis. PON2
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Fig. (7). Multiple sequence alignment of three transcription elements similar to fragment (GGTGC) covering PON1 A-162G site on reverse
strand. T nucleotide (Wild type) in gray boxes shows the —162 position within the elements. Graphs show the nucleotide similarity among
elements. Capitals (4 letters) show core of the transcription elements. The elements are found and aligned by MatInspector program and MSA
tool. ETSF; Human and murine ETS1 factors, HAND; Twist subfamily of class B bHLH transcription factors, BARBIE; Barbiturate-
inducible element box from pro+eukaryotic genes.

Table 3.  Allele Distribution of PON1 C-907G Polymorphism

P G C Case/Control Disease/Country
0.46 0.54 Case SALS
NS 053 047 Control Australia
[22]
NS 0.29 0.71 Control Diabetes
0.70 0.30 Type 1 Czech
NS 0.70 0.30 Type 2 [24]
0.41 0.59 + Micro albuminuria Diabetes
Sig. 051 0.49 _ o Australia
- Micro albuminuria [25]
0.53 0.47 Case Stroke
NS USA
0.54 0.46
Control [29]

P; P value: Sig. <0.05 and NS > 0.05. SALS; Sporadic Amyotrophic Lateral Sclerosis.
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Fig. (8). Multiple sequence alignment of five nucleotide elements similar to fragment (AGACA) covering PON1 G-907C site. G nucleotide
(Wild type) in gray boxes shows the —907 position within the elements. Graphs show the nucleotide similarity among elements. Capitals (4
letters) show core of the transcription elements. The elements are found, aligned by Matlnspector program and MSA tool. LEF1/TCF. SOX;
SOX/SRY -sex/testis determining and related HMG box factors. PAX-5; PAX-5 B-cell-specific activator protein. EI1; EVI1-myleoid trans-
forming protein. NFAT; Nuclear factor of activated T-cells.
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weeri AGCTACTCA (-635G/A rs13243101) GAGGCTGAGGC.....GTACTCCA (-558G/C

rsl3242987)CCTA(-553G/Ars13242985) GCAACACAGC.....CCCCGACGC (-123A/G

rs7805636) GGGACTCG.....GCTCCC (-5C/T r=s17876183) CGCCATG

Fig. (9). Polymorphisms within upstream region of the PON2 gene.

enzyme prevents LDL cell mediated oxidation so that it re-
duces intracellular oxidative stress (MIM: 602447), indicat-
ing its association with several diseases [35, 36].

Two important polymorphisms have been reported in the
coding region of PON2 gene, G148A (rs12026) and C311S
(rs7493). However, some studies have indicated that C311S
polymorphism is associated with pathophysiology of coro-
nary artery disease, ischemic stroke [37-40], diabetes melli-
tus [41] and Alzheimer’s disease [42, 43] but the association
of promoter variations with above diseases is not widely
studied. We evaluated the transcription elements similar to
short sequences covering G-5A (rs17876183), A-123G
(rs7805636), G-553A  (rs13242985) and  G-558C
(rs13242987) positions (Fig 9) and found only the A-123
variant within the core of CTCF element (CAGA).

POLYMORPHISMS WITHIN PON3 PROMOTER
REGION

Human PON3 is expressed primarily in the liver and kid-
ney and has an anti-oxidative effect similar to that described
for the PON1 so that it can preserve HDL particles against

oxidation (MIM: 602720) and may participate in etiology of
atherosclerosis [44, 45].

Campo has suggested the S311T and G324D polymor-
phisms in the PON3 coding region having no effect in the
enzyme activity [46]. In addition, Sanghera experienced six
PON3 tagging single nucleotide polymorphisms (tagSNPs)
and showed that A2115T and A10340C polymorphisms
cause 1% and 2% variation in the serum PONL1 activity, re-
spectively [47]. We evaluated the nucleotide similarity
of short DNA fragments (5-6 bases) covering C-31T
(rs17886586), C-498A (rs2072200) and C-506G (rs624695565)
sites (Fig. 10) with the transcription elements, and observed
that the C-3lvariant (rs17886586) is close to a conserved
region within several elements (Fig. 11).

CONCLUSION

Taxonomy studies, however, showed that PON2 gene is
the oldest member of family, but pairwise comparisons did
not show vast similarities among the promoter regions, sug-
gesting the role of different regulatory factors in regulation
of the PON genes expression.

e GGTGTT (-749C/T rsl7882539) ATCAGGAGAGGGGAA....AAGGAAA (-665T/C rsll770903)GA
... CGCCTTAACTATGGGGACAGAC(-567G/A rs11764079) CAGCTA....AGGAGA (-506 C/A rs6246

95565) AGGTTCC (-498C/G rs2072200) GTGCCC

..... CTCTCGGCG(-31C/T rsl7886586)CGC...A

CCCCGAGACCATG
Fig. (10). Polymorphisms within upstream region of the PON3 gene.
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Fig. (11). Multiple sequence alignment of four transcription elements similar to fragment (CGCCGC) covering PON3 C-31T site. The C
nucleotide in gray boxes shows the position of C—31 variant within the element. Graphs show the nucleotide similarity among elements.
Capitals (4 letters) show core of the transcription elements. The elements are found, aligned by Matinspector program and MSA tool.ZF;
Myeloid zinc finger 1 factors. ZN; Zinc binding protein factors. HS; Heat shock factors, NR; Nuclear respiratory factor 1. Graphs show con-
served sites and gaps within elements.
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In this study, the SNPs within the promoter regions of
PON genes are reported to be associated with diseases,
evaluated by the similarity tools to improve our understand-
ing on the function of SNPs. Based on the similarity results,
the PON1 T-107C and PON3 C-31T sites are supposed to
conserve within the transcription elements and may be im-
portant in gene expression. However, the PON2 A-123G site
is conserved within core of element CTCF but it is not
probably a functional element in the promoter because its
factor has 11 highly conserved zinc finger domains.

In conclusion, the similarity results can represent the
suppositions for function and primary structure of macro-
molecules and may be applied as starting point for experi-
mental studies. In addition, the alignment tools may support
and improve our knowledge of experimental works. Based
on the similarity results, the PON upstream regions had no
similarity and only two polymorphisms in this region were
considered to interact with several transcription factors.
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