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Numerous human transcripts contain tandem repeats of trinucleotide motifs, the function of 
which remains unknown. In this study we used the available gene expression EST data to char-
acterize the abundance of a large group of these transcripts in different tissues and determine the 
mRNAs which had the highest contribution to the observed levels of transcripts containing dif-
ferent types of the CNG repeats. A more extensive characteristics was performed for transcripts 
containing the CUG repeats, and those encoding the repeat-binding proteins. The scarcity of 
double-stranded CUG repeats as well as various proportions of the single-stranded and double-
stranded CUG repeat-binding proteins were revealed in the studied transcriptomes. The observed 
correlated levels of transcripts containing single-stranded CUG repeats and of proteins binding 
single-stranded CUG repeats may imply that in addition to transcripts which only provide bind-
ing sites for these proteins there may be a substantial portion of the transcripts whose metabo-
lism is directly regulated by such proteins. Our results showing a highly variable composition of 
triplet repeat-containing transcripts and their interacting proteins in different tissues may contrib-
ute to a better understanding of the mechanism of RNA-mediated pathogenesis in triplet repeat 

expansion diseases.
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INTRODUCTION

Different types of microsatellites also known 
as simple sequence repeats (SSRs) or short tandem 
repeats (STRs) make a 3% contribution to the human 
genome. Importantly, repeated trimers and hexam-
ers are more frequent in the coding regions of genes 
than in the intronic and intergenic sequences (Sub-
ramanian et al., 2003a; 2003b; Piwowar et al., 2006). 
The number of human genes containing at least four 
tandemly repeated trinucleotide sequences has been 
shown to exceed two thousand (Subramanian et al., 
2003a), i.e. about 10% of the estimated total number 
of human genes. The observed positive selection for 

triplet repeats in exons suggests some functions for 
these sequences which are, however, poorly known. 
The frequent length polymorphism of trinucleotide 
tracts makes them a rich source of human genetic 
variation required for evolutionary adaptation. The 
repeats may be involved in the regulation of gene 
expression at the various levels (Kashi et al., 1997; 
Riley & Krieger, 2004), and their instability in dif-
ferent single genes causes a number of hereditary 
human disorders known as triplet repeat expansion 
diseases (TREDs).

The function of triplet repeats in transcripts is 
also barely known. When their occurrence in human 
mRNAs was analyzed it turned out that more than 
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600 mRNAs contained one or more tracts in which 
one of the 20 different trinucleotide sequences was re-
peated at least six times (Jasinska et al., 2003). Among 
the repeated triplet motifs the CNG (N = A, G, T, C), 
AGG and ACC types strongly predominated.  Most 
of the triplet repeats (67%) occurred in the open read-
ing frame (24%) in the 5’ UTR which regulates mRNA 
translation, and 9% in the 3’ UTR which determines 
mRNA stability. What is noteworthy, GC-rich repeats 
predominated in the 5’ UTR, whereas AU-rich repeats 
were more frequent in 3’ UTR. In the open reading 
frame the CAG repeats were most abundant and they 
usually encoded polyglutamine tracts in proteins. 
Other CNG repeats were 2–3 times less frequent in 
translated sequences.

A common feature of the CNG repeats in 
transcripts is their tendency to form double-stranded 
(ds) hairpin structures  if the repeat tracts are long 
enough (Napierala & Krzyzosiak, 1997; Sobczak et 
al., 2003). The single-stranded (ss) structures and 
hairpins may serve as binding sites for dsRNA- and 
ssRNA-binding proteins, respectively (Timchenko 
et al., 1996; Miller et al., 2000; Fardaei et al., 2001; 
Faustino & Cooper, 2003; Kino et al., 2004). Proteins 
which bind ssCUG repeats belong to the CELF fam-
ily (Ladd et al., 2001), whereas proteins which bind 
dsCUG repeats belong to the muscleblind family 
(Napierala & Krzyzosiak, 1997; Miller et al., 2000). 
The CELF proteins are known to regulate RNA 
splicing (Ladd et al., 2001; Charlet et al., 2002; Suzu-
ki et al., 2002; Ho et al., 2004), editing (Anant et al., 
2001), and translation (Timchenko et al., 1999; 2004). 
The muscleblind proteins also regulate splicing (Ho 
et al., 2004) and play a yet unknown function in the 
cytoplasm. Proteins that bind to other types of the 
CNG repeats were only very preliminarily described 
(McLaughlin et al., 1996; Tian et al., 2000; Jin et al., 
2007; Sofola et al., 2007). Normal functions of repeat-
containing transcripts and repeat-binding proteins 
may require their balanced levels in cells (Jiang et 
al., 2004). If their proportions are affected by tran-
scripts containing expanded repeats, this may cause 
RNA-mediated pathogenesis in some TREDs (Miller 
et al., 2000; Fardaei et al., 2001; Mankodi et al., 2003; 
Jiang et al., 2004).

Several questions regarding the triplet repeat 
containing transcripts and their binding proteins 
have not been answered yet. These questions in-
cluded: What is the abundance of such transcripts 
in different human tissues? Is their expression co-
ordinated with the expression of their binding pro-
teins? Which transcripts show the highest expression 
levels and could play the role of major acceptors of 
the CNG repeat-binding proteins? To answer these 
questions, we employed EST (expressed sequence 
tag) data from multiple normal human tissues avail-
able in the gene-centered database GeneCard dis-

playing results of automatic mining of the UniGene 
(NCBI) resources (Safran et al., 2003). Unlike se-
quence based hybridization methods which measure 
hybridization signal intensity of selected transcripts 
with a sequence-dependent efficiency, EST counts 
approximate absolute transcript levels allowing a di-
rect comparison between mRNA products of differ-
ent genes. The objects of our investigation presented 
here were human transcripts containing CNG repeat 
tracts. Previously, we used the Blast search to query 
all human transcripts deposited in the NCBI using 
sequences consisting of six pure CNG repeats, which 
led us to the identification of a multitude of CNG 
repeat-containing transcripts (Jasinska et al., 2003). 
Here we make an attempt to investigate the role of 
the CNG repeats by examining their expression lev-
els. In addition to transcript repeats, we estimate the 
amounts of the repeat-binding proteins. We made 
an assumption that RNA expression allows protein 
expression to be predicted and used the transcript 
levels as a proxy for the corresponding protein lev-
els. Although there is an overall positive correlation 
between mRNA and protein levels, this simple cor-
respondence between transcript and protein level 
needs to be interpreted with scrutiny, considering 
the posttranscriptional and posttranslational regula-
tory mechanisms. We employed the available EST 
expression data to examine the absolute tissue levels 
of CNG repeat-containing transcripts and transcripts 
coding for repeat-interacting proteins and here we 
discuss the resulting comprehensive picture of the 
expression levels of these transcripts in multiple hu-
man tissues.

MATERIALS AND METHODS

Data. Human EST counts (NCBI, UniGene)  
were taken from the GeneCards database which is 
accessible on http://www.genecards.org/index.shtml 
(Safran et al., 2003). We used the EST tag counts 
from brain, skeletal muscle, liver, prostate, lung, 
kidney and pancreas tissues to determine the ex-
pression levels of individual repeat-containing tran-
scripts as the number of EST clones assigned to this 
transcript in a given tissue.

Analyzed transcripts. The EST data were ex-
amined in the context of absolute expression levels 
in two groups of transcripts. The group of 67 tran-
scripts harboring different types of CNG motifs re-
peated at least ten times was examined in five types 
of normal human tissues: brain, skeletal muscle, liv-
er, prostate and lung, in which at least 45 000 ESTs 
were identified. The second group of the analyzed 
transcripts consisted of 56 mRNAs harboring at least 
six CUG repeats. Their expression was analyzed in 
six tissues (brain, prostate, liver, kidney, pancreas 
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and lung) for which the EST numbers exceeded 
50 000. The CNG and CUG repeat-containing tran-
scripts investigated here were identified previously 
(Jasinska et al., 2003) and characterized with regard 
to the repeat length polymorphism (Rozanska et al., 
2007). Briefly, transcripts containing six and more 
trinucleotide repeats were extracted from the Gen-
Bank database by systematic BLAST search and the 
polymorphism of repeat sequence was characterized 
in 260 individuals from the general Polish popula-
tion.

Additionally, seven transcripts coding for the 
known CUG repeat binding proteins (CUG-BPs): 
five CELF transcripts (CUG-BP1, CUG-BP2, BRU-
NOL4, BRUNOL5 and BRUNOL6) and three MBNLs 
(MBNL1, MBNL2 and MBNL3) were analyzed in 
these tissues. 

Statistical methods. Chi squared test was 
used to compare distribution of transcripts contain-
ing different types of the CNG repeats in the five 
analyzed tissues. Expression levels of the CNG-bind-
ing proteins and CNG-containing transcripts were 
compared by linear correlation and R squared co-
efficient and P-value were calculated. All statistical 
analyses were performed using Statistica (StatSoft, 
Tulsa, OK, USA) or Prism v. 4.0 (GraphPad Soft-
ware, San Diego, CA, USA). 

RESULTS

Tissue expression profiles of the CNG repeat-con-
taining transcripts vary considerably

The EST data  obtained from the GeneCard 
browser (Safran et al., 2003) was used to evaluate 
tissue levels of human transcripts containing the 
CNG motif repeated at least ten times. We searched 
for all human transcripts with this characteristics 
and the expression data was available for 67 such 
transcripts — mostly with CAG (39) and CGG (13) 
tracts — in at least one of the five tissues examined: 
brain, skeletal muscle, liver, prostate and lung, for 
which the relevant datasets were sufficiently large. 
We used the EST data to characterize the absolute 
levels of the transcripts in each tissue and differ-
ences between the transcripts. We observed that the 
number of individual transcripts differs considerably 
among the analyzed tissues (Supplementary Fig. 1 
see: www.actabp.pl). The widest spectrum of dif-
ferent CNG-containing transcripts was observed in 
brain, which expresses 70% of the transcripts inves-
tigated (55). These included transcripts containing 
the CAG repeat (32), CUG (7), CGG (10) and CCG 
(6). The lowest number of different transcripts was 
observed in the liver (39). This follows the general 

tendency regarding the spectrum of gene expression 
in the brain and liver.

Interestingly, strong differences in expres-
sion are observed within the groups of transcripts 
bearing different repeat types, especially the CUG 
and CGG tracts. The RPL14 alone contributes 83% 
and 54% to the total EST count from CUG-contain-
ing transcripts in the prostate and brain. HSPC028 
is another example of an individual transcript that 
makes up more than half of the CUG transcript pool 
(52%) in the lung. In the lung and prostate, a single 
gene — CAPNS1 — gives rise to 37% of the ESTs 
that correspond to the CGG repeat-containing tran-
scripts. Thus, it appears that individual highly abun-
dant transcripts provide large quantities of the RNA 
repeats which may absorb a substantial portion of 
the repeat-binding proteins from their cellular pool. 

CNG repeat-containing transcripts belong to moder-
ate and low abundance classes

Given the expression levels of the CNG re-
peat containing transcripts determined from the EST 
data, we further assessed how these values corre-
spond to absolute transcript levels in the analyzed 
tissues. We normalized each EST dataset to 150 000 
tags and classified the expressed transcripts accord-
ing to the number of their EST counts. To make this 
classification coherent with the expression levels 
of some reference transcripts, we also counted the 
ESTs corresponding to the GAPD and ACTB genes. 
Transcripts of these control genes are known to 
show high levels in most tissues and their normal-
ized counts averaged over several tissues were 183 
and 229, respectively.  Accordingly, we classified the 
CNG repeat-containing transcripts represented by 
16–50 ESTs to the moderate expression class, those 
represented by 8–15 ESTs corresponded to low ex-
pression, and those having 1–7 ESTs to the very low 
expression class. There were also numerous undetec-
ted transcripts in each tissue. The expression levels 
of transcripts containing CNG repeats were then be-
tween one and two orders of magnitude lower than 
those of the highly abundant reference transcripts 
(Fig. 1). The CNG-containing transcripts do not reach 
high expression levels but a substantial fraction of 
them (16–20%) is expressed at a moderate level in 
most of the examined tissues. Only in the liver, this 
abundance class is significantly underrepresented 
(4%). It is worth noting that moderately expressed 
transcripts, unlike the low abundance ones, are less 
prone to sampling errors affecting the number of 
detected transcripts and the differences in this abun-
dance classes are more meaningful. Figure 1 shows 
that the different abundance classes of CNG tran-
scripts are unevenly distributed among the tissues 
(P = 0.04; Chi squared test). Moreover, it is apparent 
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that the widest spectrum of transcripts observed in 
the brain results from the overrepresentation of the 
group of transcripts with a very low expression.

The set of the 67 analyzed CNG containing 
transcripts includes a total of 16 TREDs-related tran-
scripts. As many as ten of mature TREDs transcripts 
(SCA1, SCA2, SCA3, SCA7, SCA12, IT15, JPH3, AR, 
FMR1 and DMPK) show moderate expression lev-
els in at least one of the investigated tissues (Fig. 1). 
For comparison with CNG repeat-containing TREDs 
transcripts we also included the ZNF9 gene whose 
immature transcript contains CCUG repeats sharing 
some molecular properties with CNG repeats (Sob-
czak et al., 2003). Notably, ZNF9 is the most abun-
dant TREDs-related transcript in as many as four 
out of the five tissues analyzed. Its highest expres-
sion is observed in the brain (45 ESTs) followed by 
liver (38 ESTs), prostate (28 ESTs) and skeletal mus-
cle (20 ESTs). Only in the lung the IT15 transcript is 
the most abundant (45 ESTs) followed by ZNF9 (21 
ESTs) and SCA2 (17 ESTs). Three CAG repeat-con-
taining tracts, SCA12 (32 ESTs), JPH3 (22 ESTs) and 
IT15 (27 ESTs) are among the predominant TREDs-
related transcripts in the brain. On the other hand, 
it is also worth noting that the SCA8, FRDA, FMR2, 
SCA6 and DRPLA transcripts are either undetected 

or show very low expression in most of the tissues 
analyzed. Thus, the TREDs-related transcripts dif-
fer significantly in their expression both among the 
tissues and within each tissue, which parallels the 
trends observed in the whole group of the analyzed 
CNG repeat-containing transcripts.

Proportions between the analyzed CUG repeat-
containing transcripts and transcripts encoding the 
repeat-binding proteins are different in different 
tissues

Of the different types of the CNG repeats, the 
knowledge regarding the functions of the CUG re-
peats in transcripts and of the proteins they bind is 
the most advanced (Miller et al., 2000; Thornton et 
al., 2003; Kino et al., 2004). Accordingly, our further 
analysis was focused on the CUG-containing tran-
scripts. We expanded the characterized above group 
to 56 transcripts harboring the CUG triplets repeat-
ed at least six times. To identify the putative major 
acceptors of the CUG repeat-binding proteins we 
analyzed the EST data from six human tissues (Sup-
plementary Fig. 2 see: www.actabp.pl). The numbers 
of transcripts scoring more than 15 ESTs decreased 
in the order: the brain (15), lung (13), pancreas (13), 

Figure 1. Expression classes of transcripts containing ten or more CNG repeats.
Transcript levels were determined from the EST data after normalization to 150 000. Analyzed transcripts were classified 
to different expression classes according to the number of corresponding EST tags: 0, 1–7, 8–15, > 15 ESTs. The TREDs 
genes classified as moderately or lowly expressed (> 8 normalized EST count) are shown in the diagram.
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prostate (12), kidney (8) and liver (7). Importantly, 
several transcripts were represented by more than 
50 ESTs in at least one tissue. These abundant tran-
scripts included GFAP (131 ESTs) and BSMAP (82 
ESTs) expressed in the brain and PTTG11P (60 ESTs) 
in liver. Some of these transcripts were frequent in 
all analyzed tissues (PTTG11P, KIA0152, NUCB1), 
whereas others in single tissues only, e.g. GFAP, 
BSMAP and CPGL2 in the brain where they consti-
tuted more than 30% of all CUG repeat-containing 
transcripts. 

To compare the absolute levels of the ana-
lyzed CUG repeat-containing transcripts and tran-
scripts of their binding proteins, we gathered the 
relevant EST data for the latter transcripts corre-
sponding to both the ssCUG and dsCUG repeat-
binding proteins (Fig. 2). In the pancreas, liver 
and kidney the MNBLs transcripts predominate 
(MBNL1 and MBNL2 in particular) and the CUG-
BP1 and CUG-BP2 transcripts show lower levels.  
Conversely, in the brain, lung and prostate tran-

scripts of the ssCUG repeat-binding proteins are 
more prevalent (CUG-BP1 and CUG-BP2 in the lung 
and, in addition, BRUNOLs in the brain). Figure 2 
shows proportions of the levels of the transcripts of 
both types of CUG-binding proteins and their most 
abundant targets. A general trend is that the lev-
els of the ssCUG repeat-containing transcripts cor-
relate well with the levels of the transcripts of the 
ssCUG repeat-binding proteins (R2 = 0.85, P < 0.01), 
while no clear correlation can be detected for tran-
scripts with dsCUG repeats and transcripts of their 
interacting proteins. Moreover, the combined EST 
data shows which of the CUG repeat containing 
transcripts are likely to determine the balance be-
tween the CELFs and MNBLs pool available in dif-
ferent tissues. For example, it became apparent that 
in the group of transcripts which are expressed in 
the brain tissue and are capable of binding CELFs, 
GFAP, BSMAP and CPGL2 show high brain-specific 
abundance and may engage a substantial portion 
of the CELF proteins. 

Figure 2. EST-based absolute levels of transcripts coding for eight different CUG-BPs and the most abundant of the 
analyzed CUG-containing transcripts.
The normalized EST data is shown for six normal human tissues: brain (A), liver (B), pancreas (C), prostate (D), kidney 
(E) and lung (F). Panel for each tissue consists of two bar diagrams with the EST count plotted on the vertical axis: the 
left-hand diagram shows the count for the MBNLs (gray bars) and CELFs (white bars), the right-hand diagram shows 
the count for transcripts that may contain short (white bars) and long (16 or more) (gray bars) CUG repeats. In the up-
per right-hand corner, the proportion of ssCUG-BP (white) and dsCUG-BP (gray) transcripts is shown (left diagram). A 
similar inset (right-hand diagram) shows the proportion of transcripts with long (gray) and short (white) CUG tracts. 
The abundance of each transcript is shown as the number of assigned ESTs in the dataset for a particular tissue after 
normalization to 150 000.
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DISCUSSION

Not only different combinations of transcripts 
but also their highly variable levels specify numer-
ous human transcriptomes characteristic for different 
cell types and tissues. Both the maturation of pri-
mary transcripts and the functions of mature RNAs 
are executed through their interactions with specific 
RNA-binding proteins, which very likely requires 
well balanced levels of the two types of interactors. 
The normal function of the CUG repeats in tran-
scripts may also depend on their interactions with 
the specific repeat-binding proteins. As the structure 
of the CUG repeats in transcripts is not uniform and 
shorter repeats remain single-stranded whereas sta-
ble hairpins are formed by longer repeat tracts, also 
the proteins they bind belong, accordingly, to two 
distinct classes: the ssCUG-BP (CELFs) and dsCUG-
BP (MBNLs). The RNA-binding properties of these 
proteins are beginning to be revealed. For example, 
it is known that MBNL1 binds the dsCUG repeats 
starting from (CUG)16 (Kino et al., 2004) in a length-
dependent manner (Miller et al., 2000), and that 
CUG-BP1 binds even very short and irregular ss-
CUG repeats (Philips et al., 1998; Charlet et al., 2002; 
Suzuki et al., 2002).

Our observations indicate that the proportions 
between the levels of the dsCUG-BPs and ssCUG-
BPs transcripts vary among tissues, being strongly in 
favor of the CELFs in the brain and MBNLs in liver 
(Fig. 2). These proportions may suggest that the func-
tions which require either the CELFs or MBNLs pre-
dominate in different tissues. Both classes of proteins 
are involved in the regulation of alternative splicing 
(Ladd et al., 2001; Charlet et al., 2002; Suzuki et al., 
2002; Ho et al., 2004), and are known as antagonis-
tic splicing regulators (Ho et al., 2004). Thus, it may 
be anticipated that in tissues with different propor-
tions of these proteins the transcripts they regulate 
may have opposite splicing patterns. So far, only a 
few transcripts regulated by the CELFs and MBNLs 
have been identified (Philips et al., 1998; Savkur et 
al., 2001; Charlet et al., 2002; Suzuki et al., 2002; Ho 
et al., 2004; Paul et al., 2006; Hino et al., 2007). We 
previously identified and characterized with regard 
to repeat polymorphism numerous transcripts con-
taining the CUG repeats which could participate in 
the CUG-BPs binding (Jasinska et al., 2003; Rozanska 
et al., 2007). In this study, by analyzing the levels 
of these transcripts we indicate which of them may 
belong to the major acceptors of the CUG repeat-
binding proteins. Our present examination showing 
a clear correlation between the levels of transcripts 
containing ssCUG repeats and transcripts of ssCUG-
binding proteins suggests that these balanced levels 
may be crucial for cellular functions. Whether the 
CUG-harboring transcripts may be somehow regu-

lated by the CUG repeat-binding proteins or they 
only interfere with such regulatory processes, by 
lowering the pool of available CUG-BPs, remains to 
be established. 

 Interestingly, the great majority of the CUG 
repeat-containing transcripts harbor short single-
stranded repeats which may be exclusively CELFs 
binders. Such transcripts strongly predominate in 
the transcriptomes of all six tissues analyzed. On 
the other hand, only some DMPK, RPL14, ZNF9 
and TCF4 (SEF2) alleles, due to their repeat length, 
may give rise to transcripts capable of binding the 
MBNLs. Both TCF4 and ZNF9 have their repeat 
tracts located in introns and the nuclear levels of 
their primary transcripts may be high. RPL14, ZNF9 
and TCF4, which may bind the MBNLs, as well as 
PTTG1P, NUCB1 and KIA0152, capable of binding 
CELFs, belong to transcripts showing considerable 
expression in a large spectrum of tissues. These tran-
scripts may be among the major components of the 
putative regulatory networks controlled by the CUG 
repeat-binding proteins.

When the proportions between the CUG re-
peat-containing transcripts and their binding pro-
teins are strongly imbalanced this may result in 
severe disorders. Myotonic dystrophy (Safran et al., 
2003) is an example of a human disease in which the 
mechanism of RNA-mediated pathogenesis is gener-
ally accepted (Ranum & Day, 2004). In this multi-sys-
tem disease either the expansion of the CTG repeat 
located in the 3’ UTR of the DMPK gene (myotonic 
dystrophy type 1, DM1) or expansion of the CCTG 
repeat present in an intron of the ZNF9 gene (myot-
onic dystrophy type 2, DM2) are established sources 
of pathogenesis. These mutations result in the for-
mation of long stable hairpin structures formed by 
the repeats in transcripts (Napierala & Krzyzosiak, 
1997; Michalowski et al., 1999; Sobczak et al., 2003). 
Both the long dsCUG and CCUG repeat contain-
ing transcripts recruit proteins of the MBNL family 
with which they co-localize in nuclear foci observed 
in DM cells (Fardaei et al., 2002). In DM1 cells up-
regulation of CUG-BP1 is also observed (Timchenko 
et al., 2004). In agreement with the mechanism of 
RNA pathogenesis in DM the above effects compro-
mise the normal functions of transcripts regulated 
by the CUG repeat-binding proteins. Our present 
study shows which transcripts, due to their relative-
ly high expression levels, may belong to the major 
consumers of these proteins in the analyzed tissues 
(Fig. 2). For example, some alleles of the RPL14 and 
TCF4 transcripts have the MBNL-binding potential 
but the former is expressed at much higher levels in 
most of the analyzed tissues and thus may provide 
more binding sites for the protein. It is possible that 
the normal functions of these transcripts might be 
compromised by the expanded repeats in the DMPK 
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and ZNF9 transcripts. In this context it should also 
be noted that the ZNF9 transcript is expressed at 
higher levels than DMPK not only in skeletal mus-
cles (Mankodi et al., 2003) but also in five other tis-
sues analyzed here. Moreover, its expanded repeat 
tracts may be longer than the lengths of the CUG 
repeats in DMPK transcript (Liquori et al., 2001). 
Thus, looking from this perspective ZNF9 should be 
a more potent effector of MBNL sequestration. On 
the other hand, it seems that functions of a much 
higher number of transcripts may be influenced by 
the CUG-BP1 up-regulation in DM1 cells.

The results of this study also give some new 
clues in an attempt to answer the old question: why 
pathology develops in some cell types and tissues 
only, while its molecular triggers, in the form of 
mutant transcripts or proteins, show a more wide-
spread expression? It is apparent that the expand-
ed repeat containing transcripts or aberrant poly-
glutamine-containing proteins act in the background 
of the RNA–protein and protein–protein interac-
tomes which have different compositions in various 
cell types and tissues including their different physi-
ological conditions and developmental stages. Some 
of these different backgrounds may be prohibitive 
for the pathology to fully develop. They may allow, 
however, some of the disease hallmarks to appear. 
The recent findings of nuclear and cytoplasmic in-
clusions present in neurons (Jiang et al., 2004) and 
fibroblasts (Fardaei et al., 2001) of myotonic dystro-
phy type 1 (DM1) patients are among the facts sup-
porting the above scenario.

It is not unlikely that, similar to the CUG re-
peats and their binding proteins, also other repeats 
of the CNG family may be involved in normal 
regulatory processes in cells and trigger pathogen-
esis when expanded. In support of this notion are 
the deleterious effects caused by the expanded CGG 
repeats in the FMR1 transcript in some “premuta-
tion” carriers in the corresponding gene (Hagerman 
& Hagerman, 2004). Recently two groups presented 
data indicating that altered RNA–protein interac-
tions are involved in pathogenesis of FAXTAS (Jin 
et al., 2007; Sofola et al., 2007; Swanson & Orr, 2007). 
These repeats form hairpin structures whose lengths 
correspond well to the pathogenic thresholds (Napi-
erala et al., 2005). Moreover, also the lengths of the 
hairpin structures formed by the uninterrupted CAG 
repeats in the SCA1 and SCA2 transcripts correlate 
well with the pathogenesis of these spinocerebellar 
ataxias (Sobczak & Krzyzosiak, 2004; 2005). 
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