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Abstract TCF7L2 harbors the variant with the strongest
effect on type 2 diabetes (T2D) identified to date, yet the
molecular mechanism as to how variation in the gene
increases the risk for developing T2D remains elusive. The
phenotypic changes associated with the risk genotype
suggest that T2D arises as a consequence of reduced islet
mass and/or impaired function, and it has become clear that
TCF7L2 plays an important role for several vital functions
in the pancreatic islet. TCF7L2 comprises 17 exons, five of
which are alternative (ie, exons 4 and 13–16). In pancreatic
islets four splice variants of TCF7L2 are predominantly
expressed. The regulation of these variants and the
functional consequences at the protein level are still poorly
understood. A clear picture of the molecular mechanism
will be necessary to understand how an intronic variation in
TCF7L2 can influence islet function.
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Introduction

TCF7L2 (T-cell factor 7-like 2, also known as TCF4) is
uncontested as the gene that harbors the variant with the
strongest effect on type 2 diabetes (T2D) identified to date.

In 2006, a common genetic variation in the gene, a
microsatellite located within intron 4 (DG10S478), was
first associated with increased risk of T2D [1••]. The
original finding was based on an Icelandic cohort and
confirmed in US and Danish subjects, but has since been
replicated in African, Asian, and European study popula-
tions [2–6]. The microsatellite is highly correlated with a
single nucleotide C/T polymorphism, which has been
widely studied (rs7903146, also located within intron 4).
The risk T allele is common in European and African
populations. However, in Asian populations the risk allele
frequency of the rs7903146 is very low and other poly-
morphisms located in the 3′ end of the TCF7L2 gene have
been associated with T2D [7].

In this review we focus on what is known about the
functional consequences of these genetic variants and the
possible molecular mechanism whereby they propagate
their effect to influence the risk for developing T2D. We
also wish to highlight the importance of attention to
technical detail when analyzing TCF7L2 gene expression
in different tissues. This is a focused review, and due to
limitations imposed by the format many informative and
well-constructed studies that deserve special mention have
been omitted.

The rs7903146 Risk Allele Phenotype

The phenotypic changes associated with the TCF7L2 risk
genotype suggest that T2D arises as a consequence of
impaired islet function [6, 8••, 9–11]. The risk T allele is
associated with impaired insulin secretion traits, such as
decreased insulinogenic index and lower disposition index,
which reflects the capacity for insulin secretion in relation
to insulin sensitivity. By contrast, the risk allele does not
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affect body mass index, or parameters indicating impaired
insulin sensitivity such as homeostasis model assessment of
insulin resistance (HOMA-IR) [6, 9–12]. Studies have also
suggested that risk TT and CT genotype carriers exhibit
elevated hepatic glucose production, as well as an impaired
incretin effect (ie, a less pronounced insulin response to a
glucose load when given orally instead of intravenously)
[11, 12].

TCF7L2 Functions

Prior to its discovery as a T2D gene, TCF7L2 was
established as a transcription factor playing an important
role in the canonical Wnt signaling pathway. Wnt signals
affect a wide range of fundamental cellular processes such
as embryonic development, stem cell maintenance, cell fate,
cell proliferation, cell migration, tumour suppression, and
oncogenesis [13]. Humans possess 19 different Wnt iso-
forms, which are secreted glycoproteins that can act via the
canonical or non-canonical pathways. Canonical Wnt
signaling is β-catenin/TCF/LEF-dependent and is activated
when Wnt proteins bind the G-protein–coupled Frizzled
receptors and their coreceptors, lipoprotein receptor-like
proteins, LRP5/6 [14]. This leads to a chain of signaling
events starting with activation of Dishevelled, which in turn
inhibits the multifunctional glycogen synthase kinase-3beta
(GSK3β). GSK3β phosphorylates β-catenin, thereby tar-
geting it for ubiquitin-dependent proteosomal degradation.
By contrast, unphosphorylated β-catenin is stable and is
directed to the nucleus where it associates with TCF/LEF
DNA-binding proteins and together with coactivators (eg,
CBP or p300) activate gene transcription (described more
in detail in the section on TCF7L2 Isoforms and Interaction
Partners).

A comprehensive overview of the target genes for
TCF7L2 in pancreatic islets is still lacking, but it is
known to control expression of several genes involved in
oncogenesis, such as c-jun [15], c-myc [16], Cyclin D1
[17], and many others (for a more extensive list see
http://www.stanford.edu/∼rnusse/pathways/targets.html).
TCF7L2-dependent signals have been implicated in the
oncogenesis of colorectal cancers [18] and breast tumors
[19] (reviewed in [20]), and an experimentally generated
list of potential TCF7L2 target genes has been reported
in colorectal cancer cells using ChIp-on-Chip analysis
[21]. Interestingly, a recent ChIP-sequencing study in a
carcinoma cell line identifies an overrepresentation of
cardiovascular disease- and T2D-associated loci binding
of TCF7L2, but no significant association with cancer-
related loci [22].

When TCF7L2 was identified as an important T2D gene,
it was largely unknown among diabetes researchers, but in

recent years it has become clear that TCF7L2 plays an
important role for several vital functions in the pancreatic
islet. First, it is involved in pancreas development, although
the exact effects on formation of the endocrine cells remain
a matter of controversy [23–26]. In addition, TCF7L2
appears to be required for SDF-1/CXCR4-induced cyto-
protection of β cells [27]. Both these TCF7L2-dependent
effects will act to increase the number of β cells, suggestive
of a scenario in which the transcription factor is a key
determinant of β-cell mass. However, TCF7L2 is also
essential for maintaining the secretory function in mature β
cells. The first evidence pointing in this direction was
provided by the demonstration of glucose intolerance in
mice with impaired canonical Wnt signaling due to genetic
ablation of the Wnt coreceptor LRP5 [28]. Direct support
for the involvement of TCF7L2 in this effect was provided
by studies using short inhibitory RNA oligonucleotides,
which showed decreased β-cell survival, as well as
attenuation of glucose-induced insulin secretion [29]. The
latter effect has been attributed to downregulation of
glucokinase, insulin, genes/proteins in the exocytotic
process, as well as the central transcription factor pdx1
[26, 29–31]. Finally, in silico studies have also identified
the consensus sequence (WWCAAWG) for TCF binding in
the proprotein convertase 1 (PC1) and PC2 genes, which
are essential for proinsulin conversion to mature insulin
[32]. This is suggestive of a role of TCF7L2 in insulin
processing, and that this processing may be disturbed in
risk allele carriers.

TCF7L2 and GLP-1

A central player in glucose homeostasis is the incretin
hormone glucagon-like peptide 1 (GLP-1). GLP-1 is
produced in the enteroendocrine L cells in the small
intestine and has a multitude of effects positive for
controlling blood glucose [33, 34]. Acute addition of the
peptide stimulates glucose-induced insulin secretion, but
suppresses release of the glucose-elevating hormone gluca-
gon from the pancreatic α cells. On a more long-term basis,
GLP-1 stimulates proliferation of β cells and suppresses
apoptosis. Outside the pancreas, GLP-1 is known to
promote satiety signals in the hypothalamus and to slow
down gastric emptying, both actions alleviating the glucose
load on the body. In summary, GLP-1 is a multifunctional
hormone essential for the body to maintain the nondiabetic
state.

Interestingly, several lines of evidence suggest an
important interplay between the incretin hormone GLP-1
and TCF7L2 in the regulation of pancreatic islet functions.
First, TCF7L2 controls transcription of the proglucagon
gene [35]. This gene encodes both glucagon and GLP-1,
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and the production of each hormone is controlled by
selective post-translational cleavage of proglucagon in the
L cells and α cells, respectively. Second, TCF7L2 is also
essential for GLP-1 to exert many of its effects on the
pancreatic islet. For example, the capacity of the incretin
hormone to stimulate proliferation of rodent and clonal β
cells may be related to the fact that GLP-1 increases
transcript levels of several genes in the Wnt signaling
pathway, including the cell cycle regulators cyclin D1 and
c-myc [36]. Silencing of TCF7L2 obliterates the capacity of
GLP-1 to induce β-cell proliferation, an effect involving
several kinases such as protein kinase A, Akt, and the
MEK/ERK pathway [36]. Additionally, reduced expression
of the GLP-1 receptor as well as the glucose-dependent
insulinotropic polypeptide receptor (GIPR) has been dem-
onstrated in pancreatic islets from diabetic subjects, and
when silencing TCF7L2 both receptors display reduced
expression [30].

Mode of Action in T2D Pathogenesis

We are still far from a unifying hypothesis as to how
common variation in the gene causes T2D. In the initial
report by Grant et al. [1••], the large linkage disequilib-
rium block containing the rs7903146 polymorphism as
well as all exons was sequenced, but no variation was
found that was more highly associated with T2D. The
region surrounding rs7903146 has also recently been
shown to be in an open chromatin state in human
pancreatic islets by formaldehyde-assisted isolation of
DNA analyzed with high-throughput sequencing
(FAIRE-seq) [37•]. The chromatin structure at rs7903146
was found to be more open in T allele than in C allele
chromosomes. The implications for TCF7L2 expression
and/or splicing of this difference in chromosome structure
need to be further explored.

Concerning the mode of action of rs7903146 with
respect to the pathogenesis of T2D, one possibility is that
it could affect GLP-1 expression. However, this has not
been substantiated by empirical data [12, 38], but several
reports of an impaired incretin effect exist [11, 12]. There is
also ample evidence supporting the view that rs7903146 is
associated with impaired conversion of proinsulin to insulin
[32, 39–41]. In fact, in one study an increased proinsulin:
insulin ratio post–oral glucose tolerance test was the only
significantly affected intermediate parameter [39], and in
another all phenotypic traits significantly associated with
the minor T allele lost the association after correction for
the proinsulin:insulin ratio. These findings strongly suggest
that impaired insulin processing is a factor to be reckoned
with in the development of TCF7L2-dependent diabetes
and this aspect calls for further mechanistic investigations.

The genetic variation rs7903146 is located in a non-
coding region and is therefore—like most common varia-
tions associated with T2D—assumed to act by altering
expression of the genes in which they are located. Data
suggestive of both increased expression of the TCF7L2
transcript in rs7903146 risk carriers [11, 42] and reduced
TCF7L2 protein expression in donor islets from individuals
with T2D [30] have been presented. Other studies have
failed to detect any genotype-dependent expression differ-
ences [43, 44••]. Contradictory findings of TCF7L2
expression levels have also been reported in other tissues
(eg, subcutaneous vs visceral adipose tissue) [44••, 45, 46].
These divergent results can be explained by the relatively
small sample populations in studies presented so far, as well
as different methodologic approaches (real-time analysis of
mRNA expression vs immunocytochemical detection of
protein levels). Furthermore, in samples from diabetic
individuals it is difficult to assess the relative contribution
of primary genotype-dependent effects, as opposed to
changes in expression secondary to the hyperglycemic
state.

Yet another factor that complicates interpretation of such
data is that most genes in the human genome are expressed
as multiple splice variants; as many as 92% to 94% of
human multi-exon genes undergo alternative splicing, 86%
with a minor variant frequency of 15% or more [47].
Extensive alternative splicing has also been shown for the
TCF7L2 gene [48]. The splice variant expression pattern
differs in islet from other tissues [44••, 49, 50•]. The fact
that the absolute majority of studies point to the pancreatic
islet being central for the TCF7L2-dependent increased risk
of developing T2D, in combination with the finding that the
absolute level of TCF7L2 transcripts is high in islets
compared with other tissues [44••], suggests that this is
the organ of primary interest for understanding the
pathogenesis of T2D in relation to TCF7L2.

The Expression Level of TCF7L2 Transcripts

The total amount of TCF7L2 transcripts varies in different
tissues. Comparing the level of expression of the same gene
in different tissues is technically challenging. In using
quantitative polymerase chain reaction (qPCR), one poten-
tial problem is that endogenous controls cannot be assumed
to be expressed at the same absolute level in all tissues
[51••, 52]. Differences in the quality of the obtained RNA
and tissue heterogeneity with respect to cell types add to the
difficulty of interpreting the results. The latter was recently
highlighted by a report showing the differential expression
of TCF7L2 in isolated pancreatic α and β cells [53]. One
alternative approach to partly resolve these problems is to
assess the absolute mRNA concentration rather than
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comparing the relative expression levels. This is achieved
by including an oligonucleotide standard with known
concentration covering the target sequence. We have
previously used this approach to measure the total
expression level of TCF7L2 in T2D-relevant tissues
[44••]. TCF7L2 was found to be most abundantly expressed
in pancreatic islets and adipose tissue, less in blood
lymphocytes, and the lowest, but clearly detectable, in
skeletal muscle [44••]. To make informative conclusions of
the functional consequences of these expression differences
it is necessary that they are followed up by quantitative
investigations of TCF7L2 protein levels and also with
activity measurements.

The Splice Pattern of TCF7L2

The genomic structure of TCF7L2 and the first extensive
characterization of the splice pattern were published in
2000 by Duval et al. [48]. The TCF7L2 gene is comprised
of 17 exons, five of which have been shown to be
alternative (ie, exon 4 in the 5′ end and exons 13–16 in
the 3′ end) (Fig. 1) (The numbering used by Duval et al.
and others will be used here [48, 54••]). Exons 14 and 15
are highly similar and seem to be mutually exclusive with a
strong tissue-specific usage bias, so that exon 15 predom-
inates in islets and lymphocytes, whereas exon 14 predom-
inates in muscle and adipose tissue [44••, 54••]. Alternative
splice sites have been identified in exons 7, 9, 16, and 17,
of which the first two are commonly used [48, 54••]. Also,
several rarely used alternative transcriptional start sites in
the promoter region and in exon 1 have been reported [50•].
Altogether, these variations give rise to a complex splice
pattern with hundreds of potential protein isoforms. The
splice patterns and variable exons reported from different
groups are very similar, although the relative expression
levels differ between reports [44••, 48–50•, 54••, 55].

The Splice Pattern of TCF7L2 in Pancreatic Islets

In 2009, we and collaborators published two studies
describing the complex splice pattern of TCF7L2 in human
T2D-relevant tissues, including pancreatic islets [44••, 50•].
The dependence of risk allele carrier status on this pattern
was also investigated. Sequencing, restriction cleavage
analysis, and absolute qPCR revealed a clear tissue-
dependent difference in the splice pattern with four
predominant splice variants of TCF7L2 expressed in
pancreatic islets, these being the variant lacking all variable
exons, and variants containing either of, or both exons 4
and 15 (Fig. 1) [44••]. Pancreatic islets display an unusually
high incorporation of exon 4; on average, about 62% of all

transcripts contains exon 4 compared to about 30% in the
other tissues that were investigated (ie, skeletal muscle,
adipose tissue, and blood lymphocytes). In the second
study, a similar expression pattern was obtained [50•]. In
2010, Mondal et al. [49] observed the previously described
variable exons in pancreatic islets using cloning, sequenc-
ing, and relative qPCR in a single individual [49]. These
findings were extended to show that when the protein
isoforms are heterologously expressed they are stable and
have a functional β-catenin binding domain. Mondal et al.
[49] described exon 16 as being exclusively expressed in
pancreatic tissue, thereby supporting the data of Prokunina-
Olsson et al. [50•] to the effect that exon 16 is expressed at
low, but detectable levels in pancreatic tissue and colon, but
absent in the other tissues examined. The very low
expression of exon 16–containing transcripts in pancreatic
islets is underpinned by data obtained by reverse transcrip-
tase PCR and restriction cleavage analysis [44••]. In
addition to pancreatic tissue and colon, exon 16–containing
transcripts have been shown to be expressed in the brain
[56, 57]. Given the very low representation of exon 16 in
TCF7L2 transcripts in pancreatic islets, this exon is unlikely
to play a major physiologic role in islets, although it cannot
be completely excluded.

No association has been convincingly shown between
T2D risk genotypes and the total expression of TCF7L2, or
the expression level of any TCF7L2 splice variant. A
genotype-dependent difference in the relative expression of
transcripts targeted using assays for exons 14 to 16 and 14
to 17, respectively, has been reported with nominal
significance, but not withstanding correction for multiple
testing [50•]. It is possible that a significant genotype effect
is revealed only when plasma glucose levels are taken into
account. In fact, a significant, positive correlation was
found between exon 4 incorporation in pancreatic islets and
hemoglobin A1c levels [44••]. Although this correlation
does not prove causality, it suggests a link between
TCF7L2 splicing and plasma glucose levels. It should also
be noted that the rs7903146 polymorphism is located
within intron 4 in close proximity to exon 4.

Predicted TCF7L2 Protein Isoforms

As previously described, the differential splicing of
TCF7L2 potentially gives rise to a large number of protein
isoforms with highly differential functional properties. The
splice variants and resulting isoforms have been grouped
according to various criteria, mostly after predicted prop-
erties of the variable C-terminus. A distinction endorsed by
several groups [48, 54]••, [58] differentiates between long,
short, and medium forms, depending on the predicted stop
codon used (Fig. 1). The long forms (“L” [or “E”]), which
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include the long, 415 nucleotide (nt) open reading frame
(ORF) in exon 17, contain either exon 14 or 15 and not
exon 16. Medium-length (“M”) forms contain neither of
these exons, which shift the ORF to stop 77 nt into exon 17.
In the short (“S”) forms, the ORF ends before exon 17. This
only occurs if either exon 16 or if both exons 14 and 15 are
retained in the transcript, both events that are rare in islets.
Neither the alternative splice sites in exons 7 and 9, nor the
variable presence of exons 4 and 13 cause a change in the
ORF apart from the local codon insertions and deletions.

TCF7L2 Isoforms and Interaction Partners

The simplistic model for the role of TCF7L2 can be
outlined as follows: In the absence of canonical Wnt
signaling, TCF7L2 is bound to the promoter through its
high mobility group (HMG) box in a repressing state in
complex with the TLE/Groucho corepressor. Upon Wnt
activation, β-catenin, which is otherwise efficiently degrad-
ed in the cytoplasm, enters the nucleus, displaces TLE/
Groucho, and induces transcription.

However, this picture represents a severe simplification.
First, a number of additional factors are known to modulate
the actions of the TCF complexes [59–61]. Second, the
differential splicing of TCF7L2 potentially gives rise to a
number of isoforms at the protein level competing for
promoter binding and possessing highly diverse activation/
repression properties [54••].

Most of the known binding sites in TCF7L2 are retained
in all isoforms: The DNA-binding HMG box of TCF7L2 is
encoded by exons 10 and 11, TLE/Groucho binding has

been mapped to exon 9 [62], and β-catenin binding occurs
at the N-terminal 50 amino acid residues (Fig. 1) [63, 64].
Notable exceptions are the corepressor C-terminal binding
protein (CtBP) and the coactivators CREB-binding protein
(CBP [or crebbp]) and p300, which recognize only the long
TCF7L2 isoforms [65–67]. CtBP interacts with two sites,
both encoded by exon 17, and has been shown to inhibit
TCF7L2-mediated expression in a dose-dependent manner
for a long isoform, but not for an isoform in which the
binding motifs have been corrupted by a frameshift
mutation [68]. CBP and the very similar p300 are
ubiquitous and multifunctional histone acetyltransferase
coactivators with a vast number of interactions [69]. CBP
and p300 also require the extended C-terminus of TCF7L2
for binding, which consequently, specifically confers
corepressor—as well as coactivator—binding capacity to
TCF7L2. In addition, transcription-enhancing activity
through auxiliary DNA binding has been ascribed to
cysteine-containing motifs specific for long isoforms [70].
Because the extended C-terminus is required to obtain
efficient TCF7L2/β-catenin activation of the target promot-
er, at least in the case of Cdx1 [54••, 67], Axin2, and
Siamois [54••], the activating properties of the domain
seem to prevail under most circumstances.

In Xenopus laevis, differences in transcription properties
and the ability to form TCF7L2/DNA/β-catenin complexes
have been observed depending on the alternative splice
sites in exons 7 and 9, where phosphorylation events of the
longer form of exon 9 appear to be involved [71, 72]. These
alternative splice sites are highly conserved, but their
significance has not been established in mammalian
species. The TLE/Groucho recognition site is encoded by

Fig. 1 Gene and mRNA struc-
ture of TCF7L2. On top the gene
structure is outlined displaying
the 17 exons with the location of
the rs7903146 polymorphism
indicated. Below is the exon
structure shown schematically
with exon numbering. Alterna-
tive exons are colored and im-
portant alternative splice sites
are marked by hatching.
Sequences encoding important
binding sites are indicated. Stop
codon usage for “short,” “medi-
um,” and “long” TCF7L2 pro-
tein isoforms is shown by boxed
S, M, and L, respectively. At the
bottom of the figure, the four
predominating splice variants
expressed in human pancreatic
islets are shown [44••]. CBP
CREB-binding protein; CtBP C-
terminal binding protein; HMG
high mobility group
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exon 9; however, alternative splicing of this exon does not
seem to interfere with TCF7L2-TLE/Groucho interaction
[71].

Even if specific interactions with TCF7L2 binding
partners have not been demonstrated with the exon 4–
encoded part of the protein, the inclusion of exon 4 seems
to severely impair TCF7L2-dependent promoter activation
[54••]. Whether this is due to hitherto uncharacterized
interactions or to medium- or long-range protein structural
effects remains to be elucidated.

Discussion

Our insight into the implications of TCF7L2 splicing is still
unclear. However, the existence of a complex, tissue-
specific set of transcriptional variants is by now well
established, presumably giving rise to an equally specific
set of protein isoforms. In the interpretation of expression
analyses this diversity should be kept in mind. First, one
should realize exactly which splice variants or isoforms are
being measured. Second, the overall balance between
species with different properties should be considered. In
connection with qPCR and small interfering RNA experi-
ments this poses a problem, and the contribution of a splice
variant should be established using appropriate methods. A
common and seemingly straightforward experiment that is
potentially problematic is the comparison of gene or protein
expression between different tissues. It is not uncommon
that measurements are related to an internal standard
without ensuring that this standard is equally expressed in
the tissues investigated. Differences in assay performance
should also be taken into account when using relative
measurements to compare different splice variants in the
same tissue.

What is then the reason for the organism to boast such a
broad, yet strongly tissue-biased spectrum of splice variants
arising from the TCF7L2 gene? The need is obvious for a
finely tuned regulation of this key factor in a pathway with
significant consequences for the cell, yet, it seems grossly
overcomplicated to have to control the relative expression
of anywhere from a dozen to several hundreds of different
transcripts to achieve this goal. One way of regarding this is
to consider the TCF7L2 isoforms as a dynamic swarm of
factors with a common set of target genes and with a
variety of more or less pronounced functional differences,
as opposed to regarding each isoform as specifically
produced for a specific purpose. The size and properties
of this swarm can then be shifted toward activation or
repression depending on the sum of cooperative and
counteracting properties of individual molecules. Conse-
quently, the up- or downregulation of a single isoform may
be immaterial, or even misleading, if not considered in

context of the bulk of competing isoforms present in the
nucleus. On a larger scale, the entire pool of Wnt-acting
transcription factors and cofactors need to be taken into
account. This general point is particularly relevant for a
factor such as TCF7L2, considering its dual role in
repression and activation. For example, the ratio between
TCF7L2 isoforms with and without exon 4 is in certain
respects likely to be of more consequence than the
concentration of each type or, for that matter, the total
amount of all TCF7L2 isoforms in the cell combined.

Conclusions

The phenotypic changes associated with the TCF7L2 risk
genotype suggest that T2D arises as a consequence of
reduced islet mass and/or impaired function, and it has
become clear that TCF7L2 plays an important role for
several vital functions in the pancreatic islet. Resolving if/
how genetic variation in the TCF7L2 gene influences the
expression and splice pattern in pancreatic islets using
appropriate methods should be the focus for future studies.
It is also necessary that this information is translated to the
protein and functional level and that more target genes
important for islet function are identified.

Disclosure Conflicts of interest: O. Hansson: has received a grant
from the Novo Nordic Foundation; Y. Zhou: none; E. Renström: none;
P. Osmark: none.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance

1. •• Grant SF, Thorleifsson G, Reynisdottir I, et al.: Variant of
transcription factor 7-like 2 (TCF7L2) gene confers risk of type 2
diabetes. Nat Genet 2006, 38:320–323. A common variation in the
TCF7L2 gene was shown for the first time to be associated with
T2D.

2. Cauchi S, El Achhab Y, Choquet H, et al.: TCF7L2 is
reproducibly associated with type 2 diabetes in various ethnic
groups: a global meta-analysis. J Mol Med 2007, 85:777–782.

3. Florez JC: The new type 2 diabetes gene TCF7L2. Curr Opin Clin
Nutr Metab Care 2007, 10:391–396.

4. Helgason A, Palsson S, Thorleifsson G, et al.: Refining the impact
of TCF7L2 gene variants on type 2 diabetes and adaptive
evolution. Nat Genet 2007, 39:218–225.

5. Humphries SE, Gable D, Cooper JA, et al.: Common variants in
the TCF7L2 gene and predisposition to type 2 diabetes in UK
European Whites, Indian Asians and Afro-Caribbean men and
women. J Mol Med 2006, 84:1005–1014.

Curr Diab Rep (2010) 10:444–451 449



6. Saxena R, Gianniny L, Burtt NP, et al.: Common single nucleotide
polymorphisms in TCF7L2 are reproducibly associated with type
2 diabetes and reduce the insulin response to glucose in
nondiabetic individuals. Diabetes 2006, 55:2890–2895.

7. Chang YC, Chang TJ, Jiang YD, et al.: Association study of the
genetic polymorphisms of the transcription factor 7-like 2
(TCF7L2) gene and type 2 diabetes in the Chinese population.
Diabetes 2007, 56:2631–2637.

8. •• Florez JC, Jablonski KA, Bayley N, et al.: TCF7L2 poly-
morphisms and progression to diabetes in the Diabetes Prevention
Program. N Engl J Med 2006, 355:241–250. This is the first
publication to document a deficit in β-cell function caused by the
TCF7L2 rs7903146 polymorphism.

9. Melzer D, Murray A, Hurst AJ, et al.: Effects of the diabetes
linked TCF7L2 polymorphism in a representative older popula-
tion. BMC Med 2006, 4:34.

10. Zeggini E, McCarthy MI: TCF7L2: the biggest story in diabetes
genetics since HLA? Diabetologia 2007, 50:1–4.

11. Lyssenko V, Lupi R, Marchetti P, et al.: Mechanisms by which
common variants in the TCF7L2 gene increase risk of type 2
diabetes. J Clin Invest 2007, 117:2155–2163.

12. Villareal DT, Robertson H, Bell GI, et al.: TCF7L2 variant
rs7903146 affects the risk of type 2 diabetes by modulating
incretin action. Diabetes 2010, 59:479–485.

13. Chien AJ, Conrad WH, Moon RT: A Wnt survival guide: from
flies to human disease. J Invest Dermatol 2009, 129:1614–1627.

14. Liu Z, Habener JF: Wnt signaling in pancreatic islets. Adv Exp
Med Biol 2010, 654:391–419.

15. Mann B, Gelos M, Siedow A, et al.: Target genes of beta-catenin-
T cell-factor/lymphoid-enhancer-factor signaling in human colo-
rectal carcinomas. Proc Natl Acad Sci U S A 1999, 96:1603–
1608.

16. He TC, Sparks AB, Rago C, et al.: Identification of c-MYC as a
target of the APC pathway. Science 1998, 281:1509–1512.

17. Tetsu O, McCormick F: Beta-catenin regulates expression of
cyclin D1 in colon carcinoma cells. Nature 1999, 398:422–426.

18. Shitashige M, Hirohashi S, Yamada T: Wnt signaling inside the
nucleus. Cancer Sci 2008, 99:631–637.

19. Ford CE, Ekstrom EJ, Howlin J, et al.: The WNT-5a derived
peptide, Foxy-5, possesses dual properties that impair progression
of ERalpha negative breast cancer. Cell Cycle 2009, 8:1838–1842.

20. MacDonald BT, Tamai K, He X: Wnt/beta-catenin signaling:
components, mechanisms, and diseases. Dev Cell 2009, 17:9–26.

21. Hatzis P, van der Flier LG, van Driel MA, et al.: Genome-wide
pattern of TCF7L2/TCF4 chromatin occupancy in colorectal
cancer cells. Mol Cell Biol 2008, 28:2732–2744.

22. Zhao J, Schug J, Li M, et al.: Disease-associated loci are
significantly over-represented among genes bound by transcrip-
tion factor 7-like 2 (TCF7L2) in vivo. Diabetologia 2010 Jul 17
[Epub ahead of print].

23. Dessimoz J, Bonnard C, Huelsken J, et al.: Pancreas-specific
deletion of beta-catenin reveals Wnt-dependent and Wnt-
independent functions during development. Curr Biol 2005,
15:1677–1683.

24. Murtaugh LC, Law AC, Dor Y, et al.: Beta-catenin is essential for
pancreatic acinar but not islet development. Development 2005,
132:4663–4674.

25. Papadopoulou S, Edlund H: Attenuated Wnt signaling perturbs
pancreatic growth but not pancreatic function. Diabetes 2005,
54:2844–2851.

26. Schinner S, Ulgen F, Papewalis C, et al.: Regulation of insulin
secretion, glucokinase gene transcription and beta cell prolifera-
tion by adipocyte-derived Wnt signalling molecules. Diabetologia
2008, 51:147–154.

27. Liu Z, Habener JF: Stromal cell-derived factor-1 promotes
survival of pancreatic beta cells by the stabilisation of beta-

catenin and activation of transcription factor 7-like 2 (TCF7L2).
Diabetologia 2009, 52:1589–1598.

28. Fujino T, Asaba H, Kang MJ, et al.: Low-density lipoprotein
receptor-related protein 5 (LRP5) is essential for normal choles-
terol metabolism and glucose-induced insulin secretion. Proc Natl
Acad Sci U S A 2003, 100:229–234.

29. Shu L, Sauter NS, Schulthess FT, et al.: Transcription factor 7-like
2 regulates beta-cell survival and function in human pancreatic
islets. Diabetes 2008, 57:645–653.

30. Shu L, Matveyenko AV, Kerr-Conte J, et al.: Decreased TCF7L2
protein levels in type 2 diabetes mellitus correlate with down-
regulation of GIP- and GLP-1 receptors and impaired beta-cell
function. Hum Mol Genet 2009, 18:2388–2399.

31. da Silva Xavier G, Loder MK, McDonald A, et al.: TCF7L2
regulates late events in insulin secretion from pancreatic islet beta-
cells. Diabetes 2009, 58:894–905.

32. Loos RJ, Franks PW, Francis RW, et al.: TCF7L2 polymorphisms
modulate proinsulin levels and beta-cell function in a British
Europid population. Diabetes 2007, 56:1943–197.

33. Holst JJ: Implementation of GLP-1 based therapy of type 2
diabetes mellitus using DPP-IV inhibitors. Adv Exp Med Biol
2003, 524:263–279.

34. Orskov C: Glucagon-like peptide-1, a new hormone of the entero-
insular axis. Diabetologia 1992, 35:701–711.

35. Yi F, Brubaker PL, Jin T: TCF-4 mediates cell type-specific
regulation of proglucagon gene expression by beta-catenin and
glycogen synthase kinase-3beta. J Biol Chem 2005, 280:1457–1464.

36. Liu Z, Habener JF: Glucagon-like peptide-1 activation of
TCF7L2-dependent Wnt signaling enhances pancreatic beta cell
proliferation. J Biol Chem 2008, 283:8723–8735.

37. • Gaulton KJ, Nammo T, Pasquali L, et al.: A map of open
chromatin in human pancreatic islets. Nat Genet 2010, 42:255–
259. In this study the region surrounding rs7903146 is shown to
be in an open chromatin state in human pancreatic islets by
FAIRE-seq, and the chromatin structure at this locus was found to
be more open in T allele than in C allele chromosomes.

38. Schafer SA, Tschritter O, Machicao F, et al.: Impaired glucagon-
like peptide-1-induced insulin secretion in carriers of transcription
factor 7-like 2 (TCF7L2) gene polymorphisms. Diabetologia
2007, 50:2443–2450.

39. Gonzalez-Sanchez JL, Martinez-Larrad MT, Zabena C, et al.:
Association of variants of the TCF7L2 gene with increases in the
risk of type 2 diabetes and the proinsulin:insulin ratio in the
Spanish population. Diabetologia 2008, 51:1993–1997.

40. Kirchhoff K, Machicao F, Haupt A, et al.: Polymorphisms in the
TCF7L2, CDKAL1 and SLC30A8 genes are associated with
impaired proinsulin conversion. Diabetologia 2008, 51:597–601.

41. Stolerman ES, Manning AK, McAteer JB, et al.: TCF7L2 variants
are associated with increased proinsulin/insulin ratios but not
obesity traits in the Framingham Heart Study. Diabetologia 2009,
52:614–620.

42. Cauchi S, Froguel P: TCF7L2 genetic defect and type 2 diabetes.
Curr Diab Rep 2008, 8:149–155.

43. Elbein SC, Chu WS, Das SK, et al.: Transcription factor 7-like 2
polymorphisms and type 2 diabetes, glucose homeostasis traits
and gene expression in US participants of European and African
descent. Diabetologia 2007, 50:1621–1630.

44. •• Osmark P, Hansson O, Jonsson A, et al.: Unique splicing
pattern of the TCF7L2 gene in human pancreatic islets. Diabeto-
logia 2009, 52:850–854. The first extensive characterization of the
TCF7L2 splice pattern in T2D-relevant tissues is reported using
sequencing, restriction cleavage analysis, and absolute qPCR.
Four dominant splice variants in human pancreatic islets are
described.

45. Ahlzen M, Johansson LE, Cervin C, et al.: Expression of the
transcription factor 7-like 2 gene (TCF7L2) in human adipocytes

450 Curr Diab Rep (2010) 10:444–451



is down regulated by insulin. Biochem Biophys Res Commun
2008, 370:49–52.

46. Kovacs P, Berndt J, Ruschke K, et al.: TCF7L2 gene expression in
human visceral and subcutaneous adipose tissue is differentially
regulated but not associated with type 2 diabetes mellitus.
Metabolism 2008, 57:1227–1231.

47. Wang ET, Sandberg R, Luo S, et al.: Alternative isoform regulation in
human tissue transcriptomes. Nature 2008, 456:470–476.

48. Duval A, Rolland S, Tubacher E, et al.: The human T-cell
transcription factor-4 gene: structure, extensive characterization of
alternative splicings, and mutational analysis in colorectal cancer
cell lines. Cancer Res 2000, 60:3872–3879.

49. Mondal AK, Das SK, Baldini G, et al.: Genotype and tissue-specific
effects on alternative splicing of the transcription factor 7-like 2 gene
in humans. J Clin Endocrinol Metab 2010, 95:1450–1457.

50. • Prokunina-Olsson L, Welch C, Hansson O, et al.: Tissue-specific
alternative splicing of TCF7L2. Hum Mol Genet 2009, 18:3795–
3804. The TCF7L2 splice pattern in human tissues, including
pancreatic islets, is described using relative qPCR. A nominal
association between TCF7L2 risk genotypes and the expression of
transcripts including exon 16 is reported.

51. •• Bustin SA: Why the need for qPCR publication guidelines?—
The case for MIQE. Methods 2010, 50:217–226. This article
describes potential pitfalls when performing qPCR analysis and
also proposes a check list for reporting this kind of data.

52. Bustin SA: Absolute quantification of mRNA using real-time
reverse transcription polymerase chain reaction assays. J Mol
Endocrinol 2000, 25:169–193.

53. Kirkpatrick CL, Marchetti P, Purrello F, et al.: Type 2 diabetes
susceptibility gene expression in normal or diabetic sorted human
alpha and beta cells: correlations with age or BMI of islet donors.
PLoS One 2010, 5:e11053.

54. •• Weise A, Bruser K, Elfert S, et al.: Alternative splicing of
Tcf7l2 transcripts generates protein variants with differential
promoter-binding and transcriptional activation properties at
Wnt/{beta}-catenin targets. Nucleic Acids Res 2010, 38:1964–
1981. This is an excellent study investigating, among other things,
the transcriptional activity of different TCF7L2 isoforms.

55. Prokunina-Olsson L, Kaplan LM, Schadt EE, et al.: Alternative
splicing of TCF7L2 gene in omental and subcutaneous adipose
tissue and risk of type 2 diabetes. PLoS One 2009, 4:e7231.

56. Nazwar TA, Glassmann A, Schilling K: Expression and molecular
diversity of Tcf7l2 in the developing murine cerebellum and brain.
J Neurosci Res 2009, 87:1532–1546.

57. Prokunina-Olsson L, Hall JL: Evidence for neuroendocrine
function of a unique splicing form of TCF7L2 in human brain,
islets and gut. Diabetologia 2010, 53:712–716.

58. Shiina H, Igawa M, Breault J, et al.: The human T-cell factor-4
gene splicing isoforms, Wnt signal pathway, and apoptosis in
renal cell carcinoma. Clin Cancer Res 2003, 9:2121–2132.

59. Hoppler S, Kavanagh CL: Wnt signalling: variety at the core. J
Cell Sci 2007, 120:385–393.

60. Arce L, Yokoyama NN, Waterman ML: Diversity of LEF/TCF
action in development and disease. Oncogene 2006, 25:7492–
7504.

61. Lukas J, Mazna P, Valenta T, et al.: Dazap2 modulates
transcription driven by the Wnt effector TCF-4. Nucleic Acids
Res 2009, 37:3007–3020.

62. Arce L, Pate KT, Waterman ML: Groucho binds two conserved
regions of LEF-1 for HDAC-dependent repression. BMC Cancer
2009, 9:159.

63. Poy F, Lepourcelet M, Shivdasani RA, et al.: Structure of a human
Tcf4-beta-catenin complex. Nat Struct Biol 2001, 8:1053–1057.

64. Fasolini M, Wu X, Flocco M, et al.: Hot spots in Tcf4 for the
interaction with beta-catenin. J Biol Chem 2003, 278:21092–
21098.

65. Brannon M, Brown JD, Bates R, et al.: XCtBP is a XTcf-3 co-
repressor with roles throughout Xenopus development. Develop-
ment 1999, 126:3159–3170.

66. Hecht A, Kemler R: Curbing the nuclear activities of beta-catenin.
Control over Wnt target gene expression. EMBO Rep 2000, 1:24–
28.

67. Hecht A, Stemmler MP: Identification of a promoter-specific
transcriptional activation domain at the C terminus of the Wnt
effector protein T-cell factor 4. J Biol Chem 2003, 278:3776–
3785.

68. Cuilliere-Dartigues P, El-Bchiri J, Krimi A, et al.: TCF-4 isoforms
absent in TCF-4 mutated MSI-H colorectal cancer cells colocalize
with nuclear CtBP and repress TCF-4-mediated transcription.
Oncogene 2006, 25:4441–4448.

69. Bedford DC, Kasper LH, Fukuyama T, et al.: Target gene context
influences the transcriptional requirement for the KAT3 family of
CBP and p300 histone acetyltransferases. Epigenetics 2010, 5: 9–
15.

70. Atcha FA, Syed A, Wu B, et al.: A unique DNA binding domain
converts T-cell factors into strong Wnt effectors. Mol Cell Biol
2007, 27:8352–8363.

71. Pukrop T, Gradl D, Henningfeld KA, et al.: Identification of two
regulatory elements within the high mobility group box transcrip-
tion factor XTCF-4. J Biol Chem 2001, 276:8968–8978.

72. Gradl D, Konig A, Wedlich D: Functional diversity of Xenopus
lymphoid enhancer factor/T-cell factor transcription factors relies
on combinations of activating and repressing elements. J Biol
Chem 2002, 277:14159–14171.

Curr Diab Rep (2010) 10:444–451 451


	Molecular Function of TCF7L2: Consequences of TCF7L2 Splicing for Molecular Function and Risk for Type 2 Diabetes
	Abstract
	Introduction
	The rs7903146 Risk Allele Phenotype
	TCF7L2 Functions
	TCF7L2 and GLP-1
	Mode of Action in T2D Pathogenesis
	The Expression Level of TCF7L2 Transcripts
	The Splice Pattern of TCF7L2
	The Splice Pattern of TCF7L2 in Pancreatic Islets
	Predicted TCF7L2 Protein Isoforms
	TCF7L2 Isoforms and Interaction Partners
	Discussion
	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


