ISSN 0006-2979, Biochemistry (Moscow), 2009, Vol. 74, No. 2, pp. 117-129. © Pleiades Publishing, Ltd., 2009.
Original Russian Text © L. K. Savinkova, M. P. Ponomarenko, P. M. Ponomarenko, I. A. Drachkova, M. V. Lysova, T. V. Arshinova, N. A. Kolchanov, 2009, published in
Biokhimiya, 2009, Vol. 74, No. 2, pp. 149-163.

REVIEW

TATA Box Polymorphisms in Human Gene Promoters
and Associated Hereditary Pathologies
L. K. Savinkova1*, M. P. Ponomarenko1, P. M. Ponomarenko2, I. A. Drachkova1,
M. V. Lysova1, T. V. Arshinova1, and N. A. Kolchanov1,2
1

Institute of Cytology and Genetics, Siberian Branch of the Russian Academy of Sciences, ul. Akademika Lavrentieva 10,
630090 Novosibirsk, Russia; fax: (383) 333-1278; E-mail: icg-adm@bionet.nsc.ru
2
Novosibirsk State University, ul. Pirogova 2, 630090 Novosibirsk, Russia; fax: (383) 339-7101; E-mail: nauka@nsu.ru
Received January 21, 2008
Revision received August 4, 2008

Abstract—TATA-binding protein (TBP) is the first basal factor that recognizes and binds a TATA box on TATA-containing
gene promoters transcribed by RNA polymerase II. Data available in the literature are indicative of admissible variability of
the TATA box. The TATA box flanking sequences can influence TBP affinity as well as the level of basal and activated transcription. The possibility of mediated involvement in in vivo gene expression regulation of the TBP interactions with variant
TATA boxes is supported by data on TATA box polymorphisms and associated human hereditary pathologies. A table containing data on TATA element polymorphisms in human gene promoters (about 40 mutations have been described), associated with particular pathologies, their short functional characteristics, and manifestation mechanisms of TATA-box SNPs
is presented. Four classes of polymorphisms are considered: TATA box polymorphisms that weaken and enhance promoter,
polymorphisms causing TATA box emergence and disappearance, and human virus TATA box polymorphisms. The
described examples are indicative of the polymorphism-associated severe pathologies like thalassemia, the increased risk of
hepatocellular carcinoma, sensitivity to H. pylori infection, oral cavity and lung cancers, arterial hypertension, etc.
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One of the basic distinctions between transcription
processes in prokaryotes and eukaryotes is that in
prokaryotes the preinitiation complex is formed and
DNA is transcribed by a single DNA-dependent RNA
polymerase, while in eukaryotes these functions require
three different enzymes. Also, none of the eukaryotic
RNA polymerases is capable of independent transcription. It requires additional proteins (transcription factors)
the set of which, with the one exception of the TATAbinding protein (TBP), is different for each enzyme. Each
RNA polymerase transcribes genes of a certain class.
Gene promoters transcribed by RNA polymerase II
contain combinations of elements that are commonly
supposed to be divided into the core promoter elements
and regulatory elements [1-3]. Core promoter elements
Abbreviations: SNP, single nucleotide polymorphisms (single
nucleotide substitutions in genomic DNA); TBP, TATA-binding protein; TF, transcription factor; TPI, triosephosphate isomerase gene; UCP, uncoupling protein.
* To whom correspondence should be addressed.

contain binding sites for general transcription factors
(TF) and RNA polymerase II and define the precision in
the transcription machinery arrangement relative to the
transcription start nucleotide [1]. Core promoter elements of RNA polymerase II include the TATA box [1, 3]
located at a distance of about 30 bp from the transcription
initiating nucleotide and the initiatory element (Inr element) that occupies the transcription start region [1-7].
Numerous data available in the literature on TATA
element variability suggest that promoters with the variant
TATA box sequences and different stability of
TBP–DNA complexes have a common mechanism of
transcription regulation [8-13]. The interaction of the
TBP with variant TATA boxes might be directly involved
in regulation of gene expression in vivo. This is supported
by data on TATA box polymorphisms and associated clinical pathologies in humans.
The goal of this review was to combine data available
in the literature on single-nucleotide polymorphisms in
and near TATA boxes that are associated with human
hereditary diseases with their brief functional characteri-
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zation. In addition, at the beginning of this review we
characterize TATA boxes and the assembly of the basal
transcription complex of RNA polymerase II.

CHARACTERISTICS OF TATA ELEMENTS
OF RNA POLYMERASE II PROMOTERS
It is assumed that the TATA-binding protein is the
first basal factor that recognizes and binds TATA element
within TATA-containing promoters by inducing helix
bending by ~80° in the DNA promoter region [14, 15].
The TBP (the TFIID subunit) binding to TATA box
induces assembly of the transcription preinitiation complex [14-16], and the TBP–TATA subcomplex is the
recognition and binding site for other basal transcription
factors and RNA polymerase II (Pol II) [17-19].
In vitro TBP binds a TATA box with rather high
affinity (~1 nM), but unlike almost all transcription factors specifically interacting with DNA, it binds DNA via
the small groove that, unlike the large one, contains very
few specificity determinants [20]. Unlike different TF
that are unnecessary for promoters free of their binding
sites [21], TBP is necessary for transcription of almost all
promoters including those without a TATA box. This is
also confirmed by the fact that TBP is included in transcription complexes of all three eukaryotic RNA polymerases. Obviously, the specificity of TBP interactions on
TATA-free promoters is achieved using mechanisms of
direct and indirect interaction with activator proteins and
TBP-associated factors (TAFs), whereas the DNA–protein interaction defines the interaction specificity on the
TATA-containing promoters.
Data in the literature are indicative of permissible
variability of the TATA box canonical sequence
TATAAAA in natural promoters. Only about 30% of
TATA-containing promoters of class II genes contain a
canonical TATA box. Nevertheless, some TATA-containing promoters can be very sensitive to mutations in TATA
elements. Moreover, in the context of different promoters, identical mutations in the TATA box differently influence promoter activity. Thus, it was shown that a
nucleotide substitution in the TATA box of the hsp70 gene
promoter (TATA→TGTA) results in about tenfold
decrease in transcription level, while similar mutations in
the his3 gene promoter (TATA→TGTA and
TATA→TATG) decrease transcription level almost 100fold [22, 23].
It was shown [24] that mutations in consensus
T1A2T3A4A5A6A7, the functioning of which was analyzed
in the context of 25 promoters, differently influence promoter activity. Thus, mutations in positions 1 and 6 and
in positions 3 and 6 of the sequence (T1→C, T3→C,
A6→G) decreased promoter activities to 30% of the wild
type. Mutations resulting in sequences TAAAAAA and
TATGAA decreased promoter activities to a non-regis-

tered level. Finer mutational effects were registered during comparison of the TATNTA sequence with TATNAA,
where N is any nucleotide. When N = C, or G, or T, then
T substitution for A5 resulted in double activity, but for
N = A the same mutation decreased transcription to 30%.
These experiments also show the role of the TATA box
flanking sequences, namely, TATA boxes with identical
mutations can be good or bad substrates depending on the
context of the DNA fragment in which they are located.
The TATA element flanking sequences can also influence
the TBP affinity to TATA.
It was shown [25] that changes in flanking TATA
sequences in MLP promoter lowers the binding constant
of TBP compared to that for the natural promoter. The
TATA element flanking sequences influence the level of
basal transcription and response of activators. Two
adenovirus TATA boxes, MLP and E4, were used in [26].
MLP is a strong basal promoter, while E4 is a weak one
but highly inducible by activators. The replacement of
flanking sequences of the MLP promoter by those of E4
produced MLP with enhanced response to activators and
vice versa. Changes in the interaction of TBP with TATA
elements depend on flanking sequences to almost the
same extent as to the sequences on TATA boxes proper,
and the flanking sequence motifs influencing the
TBP/TATA interaction are unique for particular TATA
boxes [27]. The architecture of a TATA box with flanking
sequences is thought to have an important effect on the
level of basal and activated transcription.
The exact mechanism of the activated transcription
enhancement remains unclear. Besides, sequences flanking the TATA box of MLP promoter are of different significance. The sequence flanking the TATA box from the
5′ end is more conserved and has higher information content for TBP compared to the sequence flanking the
TATA box from 3′ end [27].
We obtained similar results concerning the flanking
sequence effects on the oligonucleotide affinities to TBP
[28]. The recombinant human TBP was used for binding.
Experimental determination of equilibrium Kd of TBP
complexes with oligonucleotides has shown that the
affinity of TBP to oligonucleotides with different AT content in the TATA box flanking sequences differs 25-30fold. The data show that TATA box flank enrichment with
low-melting AT pairs may have a negative effect on biological activity of TATA-containing promoters.
It should be emphasized that the experimental
results agree with our previously developed algorithm for
prediction of the affinity of TBP to DNA using base
sequence of the latter [29]. Computer analysis of known
eukaryotic gene promoters, using the algorithm developed on the basis of experimental data on the interaction
of TBP with TATA-containing oligonucleotides [29], has
shown that TATA boxes are surrounded by GC-enriched
sites with lower affinity to TBP compared to that of random DNA sequences. The selection for flanking GCBIOCHEMISTRY (Moscow) Vol. 74 No. 2 2009
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enrichment during evolution can be explained by the fact
that the high-melting GC-rich flanks make the TATA box
more distinguishable for TBP during its search by linear
diffusion, and they also localize the low-melting region of
the TATA element as though they fix local DNA conformation formed upon TBP binding.
The considered single-nucleotide polymorphisms in
regulatory gene regions, namely, in TATA elements of
promoters, are indicative of their effect on in vivo regulation of human gene expression and on hereditary diseases
usually emerging due to changes in this regulation.

CHARACTERISTICS OF FUNCTIONAL TATA BOX
POLYMORHISMS IN HUMAN GENE PROMOTERS
TATA Box Polymorphisms That Weaken Promoters
Globin genes. The highest content of TATA box
damage was found in the cluster of human globin genes
[30-38] associated with β- and δ-thalassemia caused by
insufficient content of the normally structured globin
chains or by the presence of defective globin chains.
Analysis of DNA sequence of cloned β-globin gene
of Chinese β-thalassemia carriers revealed a single
nucleotide substitution –28A>G inside the TATA box
[30]. Expression from this gene in HeLa cells produced
the 3-5-fold lower amount of β-globin mRNA compared
to the normal β-gene. The β-globin RNA content in total
RNA, isolated from erythroid cells of β-thalassemia
patients, was 10 times lower than the norm. The authors
noted that this means approaching of the results obtained
on heterologous cells to those in vivo. Cloning of the βglobin gene of Kurdish Jewish β-thalassemia patients also
revealed an SNP in the TATA box –28A>C [31] leading
to the decrease or complete absence of globin mRNA
transcripts (see table section 1).
The SNP –27A>T causing β-thalassemia specific of
endemics from Corsica Iceland was found [32].
Polymorphism –30T>C transforming the ATAAA
sequence to ACAAA was found in β-thalassemia carriers
from South China [33].
The SNP –31A>G was also found for the β globin
gene [34]. The gene expression in heterologous COS cell
line has shown that β-thalassemia was caused by gene
transcription lowering by 45% compared to the norm.
Analysis of DNA sequence in β-thalassemia carriers
from the Yugoslav population revealed the –30T>A
mutation in the TATA box [35], and in this case the level
of RNA synthesis was 13% of normal. Within the TATA
box of Afro-American β-thalassemia patients a single G
for A substitution in position 29 was found, which resulted in transcription of only 25% of the normal RNA level
both in heterologous cells and in vivo [36]. Besides, the
SNP deteriorated normal RNA splicing, which resulted
in formation of RNA that did not encode β globin.
BIOCHEMISTRY (Moscow) Vol. 74 No. 2 2009
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Mutation –31A>G was found in the TATA box of
the δ-globin gene resulting in δ-thalassemia phenotype
[37, 38]. Carriers of homozygous δ-thalassemia alleles
exhibit an unusually low level of HbA2 synthesis.
Gene UCP3. Uncoupling proteins (UCP) are transporters of the inner mitochondrial membrane that
decrease the efficiency of oxidative phosphorylation and
ATP synthesis [39]. The polymorphism –55C>T at the
distance 6 bp upstream from the supposed TATA box
influences UCP3 gene expression and stability of its
mRNA [39] and decreases the rate of metabolism and
accordingly influences body mass index. Predisposition
to obesity is more pronounced in carriers of homozygote
TT than of CC or CT.
Gene ABCA1. Gene ABCA1 encodes membrane protein A1 transporter of ATP-binding cassette, which transfers various molecules including proteins, lipids, ions,
and sugars and is important for reverse transport of cholesterol [40]. An SNP in the promoter region of the
ABCA1 gene, –17G>C, located “downstream” from the
TATA box, is not associated with change in plasma lipid
level; it is able to change the ABCA1 activity only inside
the vascular wall and to decrease 3.5-fold [41, 42] the risk
of myocardial infarction and other vascular diseases. The
exact mechanism of the functional effect of the SNP on
ABCA1 expression is still not known.
Gene of apolipoprotein A1. Apolipoprotein A1
(APOA1) plays an important role in the reverse capture of
cholesterol; therefore, its low level in the blood serum is a
risk factor for stenocardia [43, 44]. Sequencing the
APOA1 DNA of patients with the APOA1 protein deficiency revealed a mutation in the TATA box, –27A>C
[45]. In carriers of APOA1 heterozygote a 45-55% level of
apolipoprotein A1 in the blood plasma was observed,
while in carriers of homozygotes the content of this protein did not exceed 10% of that in the wild type.
Gene of triosephosphate isomerase. The triosephosphate isomerase gene (TPI) is expressed in all cell types,
being a member of the “housekeeping” genes [46].
Multiple electrophoretic and chromatographic TPI
forms have been discovered in all human tissues, but all
of them are encoded by a single gene and are the result of
posttranslational protein modifications [46]. Molecular
characteristics of alleles of Afro-Americans and Caucasians [47] revealed SNP –24T>G in the TATA boxlike sequence located at a distance of 24 bp from transcription site. In people having the mutation in the TPI
gene promoter, mRNA deficiency is observed, the
enzyme activity being 2-10% of the norm, and neurological and muscular changes are characteristic of these
patients.
Gene of UDP-glucuronosyltransferase 1A1. The
UGT (UDP-glucuronosyltransferase) enzyme superfamily catalyzes catabolism of different endogenous substances including bilirubin and steroid hormones, as well
as a number of xenobiotics [48].
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TATA box single-nucleotide polymorphisms associated with hereditary predisposition to human diseases
Gene

DNA sequence (normal)

Normal>
defective

Biochemical
manifestation

Disease

1

2

3

4

5

1. Promoter-weakening TATA box polymorphisms
β-Globin

cagggctgggCATAAAAgtcagggca

–31A>G [34],
–30T>A [35],
–30T>C [33],
–29A>G [36],
–28A>G [30],
–28A>C [31],
–27A>T [32]

β-globin deficiency

β-thalassemia

δ-Globin

acaggaccagCATAAAAggcagggca

–31A>G [37, 38] δ-globin deficiency

δ-thalassemia

UCP3

agcccgtgtgTATAAgaccagtgcca

–55c>T [39]

decreased metabolism
rate

excessive body weight

Transporter protein
A1

aatcTATAAAAggaactagtctcggc

–17g>C [41, 42]

A1 protein deficiency

fewer infarctions

Apolipoprotein A1

tggctgcagaCATAAATAggccctgc

–27A>C [45]

cholesterol
accumulation

stenocardia

Triosephosphate
isomerase

cgcggcgctcTATATAAgtgggcagt

–24T>G [47]

deficiency of TPI
(2% of norm)

neurosis, anemia

lowering catabolism
of endogenous blood
substances

jaundice, Gilbert’s
disease

UDP-glucuronosyltransferase 1A1

gccaTATATATATATATAAgtaggag –38TA>D (rare
norm) –38TA>
(TA)2 and 3 [49]

UGT 1A7

tccacttacTATATTATAggagctta

–57t>G [56]

lowered detoxification
oral cavity cancer
of exogenous carcinogens

Glutathione-Stransferase

ttatgtagggTATAAAgcccctcccg

–63a>C [60]

enzyme deficiency,
12% of norm

DNA damage

Superoxide
dismutase 1

aggtctggccTATAAAgtagtcgcgg

–27A>G [62]

Sod 1 deficiency

lateral sclerosis

Endoribonuclease
RMRP

tctttagggcTATAAAATActactct

–24c>G [64]

endoribonuclease
deficiency

cartilage hypoplasia

Cytochrome P450
2A6

tttcaggcagTATAAAggcaaaccac

–48T>G [68]

deficiency
of nicotine oxidase

lung cancer

Surfactant B protein

сgcccagcTATAAggggccatgcccc

–18с>A [71]

B protein deficiency

lung infections

Mannan-binding
lectin

catctatttcTATATAgcctgcaccc

–35T>C [72]

decrease of pathogen
opsonization level

repeated infections

Connexin 40

aaggcgacagatacGATTAAAAAgag –44g>A [77]

connexin 40 deficiency

atrial arrhythmia

Growth hormone 1

gccaggTATAAAAAgggcccacaaga

–31g>∆ [79]

growth hormone
deficiency

short stature

Thrombomodulin

ggccgggcacTTATAAactcgagccc

–33g>A [85]

thrombomodulin
deficiency

thrombophlebitis

Kallikrein

gataagggcTTTTAAAAgcctcccca

–19c>G [87]

kallikrein deficiency

kidney disease

β estrogen receptors

cctctcggTCTTTAAAAggaagaagg

–59T>G [91, 92] receptor deficiency
(50% of norm)

hypertension
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Table (Contd.)
1

2

3

StAR

cttcagсggggGACATTTAAgacgca

–33c>T [94]

17β-Hydroxysteroid
dehydrogenase

cgaagcaggTGATATCAAgcccagag –27A>С [95]

4

5

aldosterone deficiency

hypertension

change in estrone/
estradiol balance

mammary gland cancer

2. Promoter-enhancing TATA box polymorphisms
NOS2A

atggggtgagTATAAATActtcttgg

–21t>C [96]

excess of NO-synthase

multiple sclerosis,
diabetes

Myeloblastin

gggcTATAAGAggagcttgaсcgtgg

–7c>T [98]

myeloblastin excess

leukemia

Transferrin

ccgggaatggAATAAAgggacgcggg

–34g>T [99]

disturbance in iron
transport

women’s anemia

Tissue factor

gccggcccTTTATAgcgcgcggggca

–21c>T [101]

tissue factor excess

myocardial infarction

Angiotensinogen

acccctcagcTATAAATAgggcCtcg

–20C [102]

excess of tonus regulator
of brain blood vessels

vascular defects

acccctcagcTATAAATAgggcAtcg

–20A [103]

blood pressure regulation
by estrogen

hypertension

Interleukin-1β

ttttgaaagcCATAAAAAcagcgagg

–31C>T [105]

excess of interleukin-1β

lung cancer, risk
of hepatocellular
carcinoma

Pseudogene
of ψγE-crystalline

gccctcctgcTATACAgccccgccgc

–28С>T [108]

increased content
of pseudogene protein

cataract

BCR

cggcgcggccccTTTAAGAggcccgc

–65g>∆,
–48A>∆ [111]

increased yield
of hyperactive
tyrosine kinase

more severe form
of leukemia

3. Polymorphisms causing TATA box emergence/disappearance
Progesterone
receptor

aaagtcgggaGATAAAGgagccgcgt

+331G>A [116]

excess of receptor
B-form

endometrial cancer

Cytochrome P450 2B6 gatgaaatttTATAACAgggtgcaga

–82T>C* [119]

enzyme excess

liver cancer

Daffy-antigen/
chemokine receptor

ccttggcTCTTATCTTggaagcacag

–33T>C [122]

absence of chemokine
receptors

resistance to malaria

Blood coagulation
factor IX

acagctcagcTTGTACTTTggtacaa

–26G>C [124],
–20T>A [124]

low level of blood
coagulation factor

Leiden hemophilia B

4. TATA box polymorphisms of human virus promoters
Human immune de- agatgctgCATATAAgcagctgcttt
ficiency virus, HIV-1
HIV-2 atatttcctgTATAAATgtacccgct

–27A>C [128],
–24A>G [128]
–26T>A [129],
–30T>A [130]

natural variations
of Tat-dependent
and basal transcriptions
natural variations
of Nef protein content

natural variations
of virulence
and pathogenicity

–27TATA>gATc
[131]

deficiency of Bel-1
protein regulator

1% virulence

replacement of deleted
TATA box by a hidden
one

xanthoastrocytoma

Foamy virus
(spumaretrovirus)

ctggagaaagTATAAAAgagcagatt

JC-polyoma virus

caaggctgTATATATAAAAAAAAggg [–53 : –35] >∆
[132]
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Table (Contd.)
1
SV40

2
cctctgCATAAATAAAAAAAATTAgt
(archetype strains)

3

4

–50A>G [134]
–57A>G [134]
–57A>∆ [135]

virus accumulation in
kidney, its reactivation,
and recipient co-infection

5
lupus-nephritis,
adrenal sclerosis

Note: TATA boxes are indicated in upper case; ∆, deletion; (TA)2 and 3, TATA and TATATA, respectively; [X : Z], fragment between positions X and Z.
* –82T>C, position numbers of promoter of the CYP 2B6 gene encoding cytochrome P450 2B6 as generally accepted from translation start [114].

A variable number of TA repeats was found in the
human gene UGT1A1 promoter, which is inversely proportional to the level of gene expression. It was shown in some
works [49-54] that additional TA pairs, (TA)6→(TA)7, in
the promoter TATA boxes cause lowering the UGT1A1
gene expression and reduced bilirubin conjugation with
serum albumin, resulting in bilirubinemia, or Gilbert’s
disease. In this case, the UGT activity in the liver, important for bilirubin excretion, decreases to 30% of the norm.
Investigations among Afro-Americans, Caucasians,
and Japanese revealed ethnic difference in UGT1A1
genetic polymorphisms [49]. The rare case with five
repeats (TA)5 is mainly characteristic of Afro-Americans,
the case with six repeats (TA)6 is most widespread in the
Japanese population, and in the case of hyperbilirubinemia the haplotype with (TA)8 is frequent in the latter.
The differences in the haplotype distribution among populations suggest the possibility of ethnic distinctions in
the extent of enzymatic detoxification of drugs.
Gene UGT1A7. Since UGT1A7, a member of UDPglucuronosyltransferase superfamily, provides for detoxification of some tobacco carcinogens, the authors of [55]
tried to determine whether allele 1A7 variants are associated with the risk of oral cavity cancer. They analyzed
UGT1A7 gene expression in different tissues and genotypes of individuals with oral cavity cancer and without it.
It was shown that the risk of oral cavity cancer increased
8-10-fold in smokers who are carriers of allele –57T>G.
It was shown during investigation of the gene
UGT1A7 promoter variants, important for irinotecan
detoxification, that SNP –57T>G located upstream from
the TATA box decreases transcription activity of promoter by 70%, which provides for genetic and biochemical
grounds for individual drug metabolism including
irinotecan [56]. Irinotecan is a cytostatic specifically
inhibiting topoisomerase I by preventing intracellular
DNA replication [57, 58].
Gene GSTM3. Proteins of the glutathione-S-transferase (GST) superfamily play an important role in cell
protection against damaging effects of the environment
and influence cell sensitivity to drugs [59]; therefore, low
levels of the glutathione-S-transferase M3 gene expression can result in multiple damages to cellular DNA, differences in drug metabolism, and sensitivity to different

diseases. In children with low level of gene expression,
SNP –63A>C adjacent to the TATA box was revealed
[60]. Gene expression in homozygotes –63CC was eight
times lower than in –63AA.
Gene of superoxide dismutase 1. Amyotrophic lateral
sclerosis is a progressive neurodegenerative disease manifested by gradual development and spreading of muscular
atrophy due to damage to corresponding parts of the
nervous system [61]. An amyotrophic lateral sclerosis
type associated with single-nucleotide polymorphism
–27A>G of the TATA box of the Cu/Zn superoxide dismutase 1 gene (SOD1 gene) has been described [62]. This
SNP disturbs the canonical sequence of the TATA box of
the superoxide dismutase gene promoter and reduces
gene expression.
Gene RMRP. Cells of vertebrates contain a site-specific endoribonuclease (RNase MRP; RMRP), a ribonucleoprotein cleaving mitochondrial RNA [63]. The
–24C>G polymorphism located next to the TATA box of
the RMRP gene promoter, together with other SNP of the
gene, leads to lowering the transcript levels and is associated with disturbed development of cartilaginous tissue
[64].
Gene of cytochrome P450 2A6. Human cytochrome
P450 2A6 (CYP 2A6) is the main nicotine oxidase and
plays an important role in activation of some pre-carcinogens and detoxification of many drugs [65]. Gene polymorphisms responsible for individual distinctions in
nicotine metabolism in smokers have been described [66,
67]. The SNP –48T>G that in experiment on “pulse”
transfection of human B16A2 cells halved the reporter
gene expression compared to that from the wild-type promoter was described [68]. The authors found experimentally for the first time the fact of polymorphous destruction of the natural TATA box of the cytochrome P450
superfamily genes. It is significant that the fixed population frequencies of the defective TATA box appeared to be
very high: 5.2% in Sweden, 7.2% in Turkey, and 15.7% in
China, which is a strong argument in favor this allele
being a tumor risk factor in smokers.
Gene SP-B. Surfactant proteins (SP) A, B, C, and D
and phospholipids form a surface-active complex preventing collapse of lung alveoli upon expiration [69].
Surfactant protein B (SP-B) is one of two small
BIOCHEMISTRY (Moscow) Vol. 74 No. 2 2009
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hydrophobic proteins influencing surface-active properties of phospholipids [70]. Analysis of potential regulatory function of SNP –18C>A in the SP-B gene promoter
revealed enhanced promoter activity in the case of the C
allele and almost threefold increase in the protein amount
[71]. Production of a lower amount of protein is characteristic of carriers of homozygotes with AA allele, which
may be the cause of lung diseases.
Gene of mannan-binding lectin 2. Gene MBL2 of
mannan-binding lectin 2 encodes C-type lectin serving as
a soluble receptor of inborn immune response upon initiation, regulation, and amplification [72, 73]. MBL2 deficiency and its low level in blood serum are the basis for
general deficiency of opsonin (a blood plasma protein
that binds bacteria and macrophages and thus stimulates
their “agglutination”) and are associated with the risk of
repeated infections [74-76]. The SNP –35T>C (TATATA→TACATA) in the MBL2 gene promoter TATA box
[72], not previously described, leads to disturbance in
TFIID binding to the TATA box, lowering the gene
expression level, and pathogen opsonization in the organism.
Connexin-40 gene. Two tightly bound SNP, –44G>A
and +71A>G, are found in regulatory regions of the connexin-40 gene (Cx-40) of a specific auricle membrane
protein [77]. The use of a plasmid carrying a reporter
construct with SNP –44A has shown the reduction of
gene activity by 65% compared to the wild-type carrying
G in this position, which can be responsible for hereditary
atrial arrhythmia.
Gene of growth hormone 1. In humans, height
depends on a complex interaction of genetic and environmental factors and is also associated with hereditary
mutations in the growth hormone gene GH1 [78, 79]. It
was shown that deletion of G adjacent to the TATA box
lowering gene expression and human stature.
Thrombomodulin gene. Thrombomodulin (TM), a
receptor of endothelial cell surface glycoprotein, plays an
important role in procoagulant conversion into physiological anticoagulation factor thrombin [80-84].
Examination of 205 patients with thrombophlebitis
revealed SNP –33G>A [85] upstream from the TATA
box. The use of constructs carrying fragments of the normal promoter and promoter with SNP for transfection of
EAhy926 cell line showed lowering transcription activity
of the TM gene promoter by more than 60%.
Kallikrein gene. The human kallikrein gene (KLK1)
encodes the inactive form prekallikrein that is activated
during intracellular proteolysis and is transformed to
kinins involved in regulation of renal vascular tonus [86].
SNP –19C>G located 2 bp downstream from the TATA
box of the kallikrein gene promoter is rather frequent but
is not associated with hypertension, but it leads to alteration of in vitro transcription activity and significantly
reduces the enzyme amount, which increases the risk of
kidney and vascular system diseases [87].
BIOCHEMISTRY (Moscow) Vol. 74 No. 2 2009

123

Gene of b estrogen receptors. Protein of estrogen
receptors ER is represented by two isoforms, α and β,
which are expressed from promoters ERα and ERβ,
respectively. Experiments on ERα- and ERβ-knockout
mice have shown that the receptor plays an important role
in development of reproductive and non-reproductive sex
distinctions [88, 89]. Multiple alignment of 1600 bp fragments of human, chimpanzee, mouse, and rat genomic
DNA around known ERβ transcription starts revealed a
strict homology region immediately before the ERβ transcription start, and its in vivo methylation was registered
[90]. Sequencing of this region in 50 Afro-Americans and
50 Caucasians and comparison of the DNA revealed the
–59T>G polymorphism inside the unique TATA-like
fragment of this conserved region. Human prostate cancer cells LNCaP were transfected by plasmid pGL3 containing the promoter allele variants –59T or –59G and
inserted reporter luciferase gene [91]. Since promoter
activity of the rare (1%) allele –59G was two times lower
than that of the frequent (99%) –59T, the authors concluded [90, 91] that SNP –59T>G damages the normal
TATA box of ER promoter and causes the deficiency of β
estrogen receptor. It was shown [92] that SNP –59T>G is
also involved in creation of variability of phenotypic reactions to drug therapy, in particular to tamoxifen.
Gene StAR. Cholesterol transfer from the external to
internal mitochondrial membrane, where it is cleaved to
pregnenolone, is mediated by StAR protein (steroidogenic acute regulatory protein) whose gene has been
identified and cloned [93]. Polymorphism –33C>T,
found in this gene promoter, influences StAR gene expression regulation and is associated with lowered promoter
response to activation by cAMP and aldosterone synthesis activators [94]. These SNP carriers are characterized
by reduced response to physiological stimulators (35-40%
of the norm), which is associated with hypertension
emerging due to change in aldosterone synthesis regulation and predisposition to diabetes.
Gene of hydroxysteroid dehydrogenase. Gene
EDH17B2 encodes type 1 17β-hydroxysteroid dehydrogenase (17HSD) that catalyzes the reversible reaction
between estrone and estradiol. The involvement of the
EDH17B2 gene in the regulation of estrogen balance
makes it a likely candidate gene of familial mammary
gland and ovary cancers [95]. Examination of patients has
shown that point mutation –27A>C in the TATA box of
the gene decreases promoter activity by 45% [95] and is
responsible for a variant of hereditary mammary gland
cancer.

Promoter-Enhancing TATA Box Polymorphisms
Gene NOS2A. It has been shown that a proximal promoter of the nitrogen oxide synthase gene (NO-synthase)
NOS2A contains several SNP, including SNP –21T>C
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adjacent to the TATA box [96] (table section 2). This
polymorphism is associated with enhanced sensitivity to
various pathologies like multiple sclerosis, cerebral
malaria, diabetes, acute respiratory and lung diseases, etc.
Examination of such patients revealed enhanced expression of the NO-synthase gene.
Myeloblastin (Wegener’s autoantigen) gene. Determination of base sequence of 5′-terminal region of the proteinase 3 gene (PR3) has shown that its mRNA is synthesized in HL-60 cells and in cells of myeloid leukemia
patients, and that myeloblastin and proteinase 3 (also
identified as Wegener’s autoantigen) are encoded by the
same mRNA [97]. Analysis of the PR3 gene promoter
sequence revealed T substitution for C in position –7
resulting in enhanced expression of the PR3 gene whose
protein product is considered as a pathogenic factor in
degenerative and inflammatory diseases [98].
Transferrin gene. Transferrin (Tf) is the main irontransporting protein in blood plasma. Polymorphism
–34G>T in the transferrin gene promoter between the
Sp1 binding site and the TATA box was found, which
leads to changes in cellular iron homeostasis causing anemia in women [99].
Tissue factor gene. Tissue factor (TF) is a 47 kDa
transmembrane protein expressed in a broad set of tissues
including outer blood vessel membrane, where it quickly
activates coagulation in response to deterioration of
integrity [100]. Studying the effect of –21C>T polymorphism, located next to the TATA box, on the susceptibility to thrombophlebitis and myocardial infarction has
shown that this SNP enhances TF gene expression, which
can result in increased risk of these diseases [101].
Gene of angiotensinogen. Angiotensinogen is a precursor of one of the most powerful vasoactive hormones,
angiotensin II. The human angiotensinogen gene (ANG)
contains SNP –20A>C located between the TATA box
and the transcription origin. Reporter constructs containing the angiotensinogen gene promoter with C in position
–20 have basal activity 2-3-fold exceeding that in the case
of allele –20A. Correspondingly, allele –20C with
enhanced expression of cerebral angiotensinogen (regulator of blood vessel tonus and lumen) was associated with
developmental pathologies of small cerebral blood vessels
[102].
When A is in position –20, a binding site for estrogen
receptor (ERα) is formed and the expression of the
angiotensinogen gene is regulated in a gender-specific
way, increasing the risk of hypertension and stroke in
women [103].
Gene of interleukin 1b. IL 1β is an antiinflammatory
cytokine launching the cascade of inflammatory reactions
via induction of genes associated with inflammation and
production of reactive free radicals [104]. The gene contains SNP –31C>T at a distance of 31 bp upstream from
the transcription origin. The rare (1%) allele –31T contains a canonical TATA box TATAAAAA, unlike the

widespread allele with C in position –31, exhibiting weak
DNA–protein interactions in vitro [105] that are indicative of the absence of the TATA box. The association
between allele –31T and risk of non-small-cell lung carcinoma was found in patients of the Norwegian population [106] (table section 3). A high risk of hepatocellular
carcinoma and high sensitivity to H. pylori infection are
associated with the same TATA-box-containing allele
(–31T) [106, 107].
Gene of ygE crystalline. Hereditary cataract is a
genotypically and phenotypically heterogeneous disease.
The γ-crystalline gene cluster (CRYG) is a family of genes
encoding the main structural proteins of the crystalline
lens [108], but only two genes encode the full-sized protein and four genes encode only its fragments. Human
Coppock-like cataract is caused by a mutation within the
TATA element of the ψγE gene promoter—TATACA is
replaced by TATATA and a more perfect TATA box is
formed (SNP –28C>T). This stimulates 10-fold increase
in the promoter activity and increase by 30% in the
mutant ψγE gene expression over the wild-type pseudogene [108]. The 6 kDa protein product of the pseudogene
is an N-terminal fragment of γ-crystalline, the increased
content of which causes the lens opacification or cataract.
BCR gene. Chromosomal translocation leading to
emergence of Philadelphia chromosome characteristic of
chronic myeloid leukemia (CML) fuses the breakpoint
cluster region (BCR) of chromosome 22 with protooncogene c-ABL of chromosome 9 [109, 110]. The translocation results in a fused BCR/ABL gene encoding chimeric
protein p210, a hyperactive tyrosine kinase [111-113].
Analysis of the human BCR gene encoding chimeric
BCR/ABL mRNA revealed a promoter containing the
TATA-box-like sequence TTTAA with SNP and deletions –48A and –65G before and after the TATA box
[111]; these increase promoter activity, causing enhanced
gene expression and more severe chronic myeloid
leukemia.

Polymorphisms Causing TATA Box Emergence
or Disappearance
Progesterone receptor gene. It is known that in addition to hereditary factors, development of endometrial
cancer is stimulated by exogenous and endogenous estrogens [114] not equilibrated by progestins [115]. The
antiproliferative effect of progesterone requires progesterone receptor (PR) existing in two isoforms, PR-A and
PR-B, and antiproliferative effects depend on stoichiometric balance of these isoforms [114]. Sequencing progesterone gene receptors of endometrial cancer patients
revealed six variable regions including SNP +331G>A in
the promoter region of the PR-B gene. Using computer
modeling, the authors predicted that polymorphism
+331G>A creates a potential TATA box in the TATA-free
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PR-B gene promoter, which also results in emergence of a
new transcription initiation site [116]. Biochemical
analysis confirmed that this polymorphism enhances
gene transcription by stimulation of increased production
of PR-B isoform [117]. The disturbance of balance
between isoforms doubles the risk of endometrial cancer,
especially in women with increased body mass.
Gene of cytochrome P450 2B6. In vitro studies of the
liver cytochrome P450 2B6 gene (CYP 2B6) showed a
high extent of its individual variability in expression at the
level of mRNA and protein syntheses, as well as high catalytic activity [118]. Experimental comparison of known
transcription and translation starts of a broad set of the
CYP 2B family genes from different organisms and multiple alignment of their genomic sequences have shown
that all their unique ATG translation starts coincided at
the conserved alignment site, while transcription starts
were distributed over a variable 40 bp site at a distance of
12 bp from the translation start [119]. Therefore, it
appeared most reasonable in the case of the CYP 2B gene
family to introduce a unified position numbering from the
ATG translation start (position +1) both for coding (+)
and regulatory (–) regions.
Detailed analysis of the CYP 2B6 gene promoter
revealed SNP –82T>C that decreases TBP binding to the
TATA box and simultaneously increases C/EBP affinity
to this newly-formed binding site. This means that the
natural TATA box was transformed to a potential binding
site for transcription factor C/EBP [119] that threefold
increased transcription activity and almost twofold the
content of mature mRNA. Due to the CYP 2B6 precarcinogen-activating properties, SNP –82T>C is associated with a protein increasing the probability of liver cancer
[119].
Gene DARC. Gene DARC encodes Duffy antigen
receptor for chemokines in endothelial cells and erythrocytes [120]. A pathogenic feature of the protein is due to
its usage by Plasmodium vivax for penetration into erythrocytes, thus causing malaria [121]. As a rule, at a distance of 30 bp before the erythroid-specific gene transcription site, there is a TATA/GATA box owing to which
GATA-1, the main protein regulator of the erythroid system, is involved in the preinitiation complex [122]. SNP
–33T>C destroys the TATA/GATA box of the DARC
gene, thus preventing the emergence on the erythrocyte
surface of a chemokine receptor, a target for Plasmodium
vivax, and so causing resistance to malaria in West African
aborigines.
Gene of blood coagulation factor IX. Leiden’s hemophilia B is characterized by a low content of blood coagulation factor IX in patients, especially in children, the
maximum being 60% of the norm [123].
It was shown [124] that hemophilia in children is
associated with two SNP in promoter of the blood coagulation factor gene fIX, –26G>C and –20T>A, destroying
the overlapping binding site TATA/HNF-4. HNF-4 is the
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nuclear hepatocyte factor that regulates expression of factor IX. The inability of HNF-4 to efficiently bind to the
altered site results in hemophilia. Experiments with plasmid constructs containing in the promoter SNP –26G>C
in one case and SNP –20T>A in the other have shown
manifold decrease in basal and HNF-4-induced expression of the reporter gene [124].

TATA Box Polymorphisms of Human Virus Promoters
It is known that RNA- and DNA-containing retroviruses and polyoma viruses integrate their genomes into
the host cell DNA upon infection and use the cell apparatus for their own multiplication. This becomes possible
due to powerful viral promoters containing a standard
TATA box and binding sites for other TF of eukaryotic
cells, which are recognized by cell proteins as their own.
Human immune deficiency virus. At present two types
of human immune deficiency virus (HIV), HIV-1 and
HIV-2, are known; they differ in structure, antigen composition, and epidemiological characteristics [125]. HIV1 exhibits higher pathogenicity and more pronounced
genetic variability compared to HIV-2, and unlike HIV2, it is widespread over the world, mainly in a number of
districts in West Africa [125]. The HIV-1 genome consists
of RNA whose DNA copy contains on the 5′ and 3′ termini long terminal repeats (LTR), the prototype of the
promoter–enhancer block containing standard eukaryotic TATA box and enhancers, with which cellular DNAbinding proteins (Sp1 and NF-κB, NFAT-1, etc.) interact [126, 127].
It was shown [128] that polymorphisms found in
TATA boxes of the promoter subtypes HIV-1 A-D, F-J,
–27A>C and –24A>G (table section 4), cause disturbance of basal and Tat-dependent transcription (Tat is the
viral gene expression activator) and correspondingly,
alteration of the pathogenic potential of the virus.
The TATA box of HIV-1 subtype E contains the
TAAAA sequence instead of TATAA (SNP –26T>A) and
undergoes inactivation upon its sequence replacement by
the canonical one [129].
The role of nef protein (a highly conserved protein of
primate lentiviruses involved in replication regulation and
immunomodulation) in HIV-2 pathogenesis was studied
[130]. The SNP revealed in the promoter the TATA box
region (–32T>A) is still not associated with any disease
outside of its involvement in change in pathogenicity.
Foamy virus or human spumaretrovirus. Foamy virus
(spumaretrovirus) is an exogenous retrovirus (HSRV) that
contains a functionally active promoter upstream from
the bel-genes. The bel-1 gene product is a trans-activator
of the LTR-directed transcription and is absolutely necessary for replication of the virus [131]. It was shown that
mutations of the TATA box in the bel-1 gene promoter
transform it into the GATC sequence used as transcrip-
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tion start, while the region upstream by 33 bp is used,
respectively, as the TATA box, which results in production
of proviral clones with infectivity decreased by 100-fold.
JC virus. JC virus is a DNA-containing polyoma
viruses (like BK and SV40) inducing brain tumors in
experimental animals and in young people [132].
Genomic regions of the JC virus were analyzed in a nineyear-old boy with pleomorphic xanthoastrocytoma (a
slowly growing tumor with good prognosis), and it was
found that they mutated (a hidden TATA box replaced the
deleted one and a GG deletion at –35) relative to the
archetypal form oncogenic for animals; just this explains
the benign character of these tumors [133].
Virus SV40. After primary infection, SV40, like other
polyoma viruses, settles in kidneys and can be reactivated
upon lowered immunity and infect the kidney recipient
[134, 135]. Sequence analysis of the regulatory regions of
the virus has shown that not archetypal SV40 strains are
prevalent, but rather strains carrying several mutations in
the 5′ regulatory region (–50A>G, –57A>G) which are
associated with lupus-nephritis, while deletion –47A,
found in the region of T-antigen binding, is associated
with adrenal sclerosis [134].
About 106 SNP are registered in the NCBI dbSNP
database [136]. Most of them are functionally silent, but
a significant number of these SNP, especially in coding
and regulatory gene regions, will be of biological and/or
medical significance [137]. At the present time SNP of
regulatory gene regions, influencing their expression
level, are an important but relatively poorly studied class
of genetic variations, unlike polymorphisms of coding
gene regions. Two main mechanisms of SNP exhibition in
both gene regions are known: the change in the pattern
and/or level of gene transcription and direct change in
biochemical properties of the gene product [138]. The
SNP manifestations in coding and regulatory gene
regions are indistinguishable by their severity for human
health. Thus, it was shown that SNP in coding regions of
DNA metabolism and repair genes, causing codon
change and single amino acid mutation, can influence
individual susceptibility to oncological diseases and their
therapy [139]. SNP in the coding region of the human
LIMD1 gene are associated with mammary gland and
lung cancers [140], SNP in the coding region of
apolipoprotein E gene are associated with human chronic non-infectious diseases and predisposition to a number
of cardiovascular and neurodegenerative diseases [45],
while SNP in the coding region of the interleukin-1β
gene is associated with cancer of the pancreas and is hardly compatible with life [105], etc. It is known that SNP of
introns also cause human phenotypic variability and
enhance the burden of diseases. For example, two singlenucleotide substitutions in intron 6 of the tryptophan
oxygenase gene are associated with human mental diseases (Turrett’s syndrome, hyperactive-child syndrome,
predisposition to alcoholism and narcomania) [143]. An

SNP of intron 2 of the IL-1Rα gene (the interleukin-1
antagonist receptor gene) is associated with a variant of
stomach cancer [144], an SNP in an AU-rich region of
the glucocorticoid β receptor gene is associated with
rheumatoid arthritis [145], etc.
This review shows that at the present time about 40
polymorphisms in the promoter TATA elements are associated with different human diseases and are confirmed
by molecular-biological studies. In the above-described
examples certain SNP result in lowering transcription
activity of promoters, which increases 8-10-fold the risk
of oral cavity cancer in smokers [55], stenocardia [43,
44], neurodegenerative diseases [62], etc. Other SNP, on
the contrary, increase promoter transcription activity,
which results in increased sensitivity to hypertension,
stenocardia, lung diseases, and disseminated sclerosis
[96] and are associated with pathologies in the development of small brain blood vessels [102]. The emergence of
a latent TATA box as a result of mutation may be responsible for Coppock-like cataract [108] or endometrial cancer [116]. There are also cases of destruction of TBP
binding sites overlapping with factors GATA-1 and HNF4 [122, 124]. Then TATA box polymorphisms affect binding of these transcription factors, which is also of clinical
importance.
Thus, it is difficult to overestimate the consequences
of phenotypic manifestation of a variety of SNP located
in TATA boxes and flanking their sequences. The significance of these SNP also concerns the possibility of disturbance of coordinated gene expression, the observance
of which is especially necessary in the process of organogenesis accompanied by proliferation and transport of
particular cell groups that are strictly ordered in time and
space.
Obviously, the need for experimental and bioinformatic investigation of TATA element SNP has appeared,
which will stimulate identification of genes involved in
emergence of complex human diseases like hypertension,
arthritis, and oncological diseases [146, 147] and the elucidation of the role of SNP in the development of these
diseases and predisposition to them, in different sensitivity to environmental factors and drug preparations, etc.
[148]. During these experimental and bioinformatic
investigations, up-to-date computer approaches should
be elaborated for detection of SNP not yet functionally
annotated that are potentially able to influence important
processes and systems of the human body. Results of such
investigations will be widely used in studies of gene
expression regulation and genome analysis, in pharmacology upon elaboration of new multipurpose drugs, as
well as in medical-genetic investigations.
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