
Introduction

Hirschsprung disease (HSCR) (#OMIM 142623)
is a complex hereditary, but non-Mendelian, dis-
order characterised by the absence of ganglion
cells in the myenteric (Auerbach) and submucosal
(Meissner) plexuses of the gastrointestinal tract.
A dilatation and hypertrophy of the proximal in-
testine is followed by a functional intestinal steno-
sis resulting from an aganglionic colonic segment
of variable length (Sieber 1984; Martucciello
1997). Clinically, HSCR is characterised by fail-
ure in passing the stool, a distended abdomen,
vomiting and enterocolitis. Chronic constipation
is a major feature of HSCR in childhood (Sieber
1984; Yaxiong and Chengren 1986).

HSCR occurs in one out of 5000 live births, in
sporadic or familial or syndromic form, predomi-

nantly in males. HSCR is classified, according to
the extent of aganglionosis, into long-segment
(L-HSCR, 20% of affected individuals) and
short-segment (S-HSCR, 80%) forms, each with
distinct genetic characteristics (Sieber 1984;
Martucciello 1997; Puri et al. 1998). Application
of a uniform classification system enables reliable
genotype-phenotype studies. The risk of recur-
rence in siblings is 34%, which is about 200-fold
higher than in the general population. The risk var-
ies with gender, aganglionic segment length and
co-occurrence of additional abnormalities (Puri
et al. 1998).

Various genes, such as RET, EDNRB, GDNF,
EDN3 and SOX10, NTN3, ECE1, are involved in
the aetiology of HSCR. Mutations in these genes
may result in dominant, recessive or multifactorial
patterns of inheritance. The complex nature
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of HSCR could suggest multigenic or oligogenic
aetiology (Puri et al. 1998). Diverse models of in-
heritance, co-existence of numerous genetic disor-
ders, and detection of numerous chromosomal
aberrations together with the involvement of vari-
ous genes confirm the genetic heterogeneity of
HSCR (Passarge 2002; Brooks et al. 2004).

The RET gene has been identified as the most
important one in HSCR genetic aetiology.
This gene is a member of the cadherin superfamily
and encodes one of the tyrosine kinase receptors,
which are cell-surface molecules that transduce
signals for cell growth and differentiation (Edery
et al. 1994; Romeo et al 1994). The RET gene
plays a crucial role in neural crest cell develop-
ment in the bowel wall (Martucciello 1997).
Plenty of loss-of-function germline mutations
have been found in this gene, all with variable fre-
quency (Angrist et al. 1995; Attie et al. 1995).
None of the mutations is fully penetrant and they
have varying effects on the length of the
aganglionic intestine segment. Dominant muta-
tions in RET have been found in about 50% of fa-
milial cases with HSCR and about 30% of isolated
cases (Seri et al. 1997; Sancandi et al. 2000).

Recent advances have confirmed the impor-
tance of the RET gene and have shown a new as-
pect in the aetiology of HSCR. Variants of several
RET polymorphisms are over-or underrepresented
in HSCR populations and appear to modify
the HSCR phenotype (Borrego et al. 1999, 2000;
Fitze et al. 1999, 2002, 2003).

So far, no study has been published on the ge-
netics of HSCR in the Polish population. The aim
of the study was to analyse single nucleotide
polymorphisms (SNPs) in several exons of the
RET gene (exons 2, 3, 7, 11, 13, 14 and 15) in Pol-
ish patients (Table 1). To test how the HSCR phe-
notype may be affected by the presence of genetic
variants, we compared the molecular results with
clinical and long-term follow-up data.

Materials and methods

The study was carried out on a group of 70 patients
with HSCR, who were diagnosed and treated
in the Paediatric Surgery Dept. at the Wroc³aw
Medical University. The outline of the study was
accepted by the University Ethical Committee.
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Table 1. Polymorphisms of the RET gene analysed in patients with Hirschsprung disease

Exon Nucleotide polymorphism:
wild-type � polymorphic

variant

Amino acid effect Two primer sets used (PCR and SNaPshot reaction), sequences 5'-3'

2 c135 GCG�GCA A45A F-CCTTATTCTCACCATCCCTCACTC
R-CCTGGATGCAGATCCAGTTGTTCT
F-GAAGCTGTATGTGGACCAGGC
R-GACGTACAGCAAGGGCGTGCCGGC

3 c375 GTC�GTA V125V F-GGCCTCTAAGCCAAGAACTGAATG
R-GCTGGAAAGGAGGTGTTGAAGAAG
F-CACCGTCTACCTCAAGGT
R-TGTGGGTGACAGGAA

7 c1296 GCG�GCA A432A F-AAGGGCAGTAAAGGGTTGAGTCAG
R-TCATTCACAAACAGGATCCCCGAG
F-CTGTGTGGAAAACTGCCAGGC
R-CTTGTACTGGACGTTGATGCCACTGAA

11 c2071 GGT�AGT G691S F-GCATCCACTGCTACCACAAGTTTG
R-TAGATGGGAACGGCACCTCATCAC
F-AGCTACTCCTCTTCC
R-CATGGAGTCCAGCGAGGGCCGGCGGGCAC

13 c2307 CTT�CTG L769L F-CGACCGAGGAGTCCCACGAAGAAG
R-GCAGTGGCTGCCCACCTCACCCTG
F-CGTAAAGTCTCTTGCGGAGGGGCTCACTCGA
R-GACTGACTCAGGACGTTGAACTCTGACAGCAGGTCTCG

14 c2508 AGC�AGT S836S F-CTCATCGTGGAGTACGCCAAATAC
R-TTCATCTCGGCCAGATACTGCATC
F-GGGCAGTGGAGGCAGCCGCAACTCCAG
R-GAGGGCCCGCTCATCCGGGTGGTCCAGGGA

15 c2712 TCC�TCG S904S F-CGTGCTATTTTTCCTCACAGCTCG
R-GAGCGGAGTTCTAATTGGGTCCTT
F-AGATGTTTATGAAGAGGATTC
R-GGGCACCTGGCTCCTCTTCACGTA



HSCR patients were classified according to the
length of aganglionic colon into 3 groups: with
a long segment (L-HSCR), short segment
(S-HSCR, rectosigmoid) and ultrashort segment.
The following histopathological criteria of inclu-
sion were used in the study: histological evalua-
tion of the aganglionic tract (absence of neuronal
ganglia), and histochemical staining of nerve
fibres (ACTC, S-100 and NSE) in suction biopsies
of the rectal submucosa (Yaxiong and Chengren
1986). On the basis of a long-term follow-up of the
patients (including physical examination, post-op-
erative rectal manometry, parents’ questionnaire
concerning their assessment and satisfaction with
the surgical treatment of their children), patients
were divided into 3 groups: children with a very
good or good or poor result of surgical treatment.
Forty anonymous healthy blood donors from the
Institute of Molecular Techniques of the Wroc³aw
Medical University served as the control group.

DNA was isolated from peripheral blood lym-
phocytes according to standard organic proce-
dures of DNA extraction. We designed pairs of
primers for PCR reactions by using the SNP data-
base (www.ncbi.nih.gov/SNP, Table 1). DNA
fragments encompassing target sites were ampli-
fied by using a QIAGEN Multiplex PCR Kit in

4 separate reactions: triplex for exons 2, 3 and 14,
duplex for exons 7 and 11, and single for exons 13
and 15. The reaction mix in the total volume of
20 µL was composed of 1 × QIAGEN Multiplex
PCR Master Mix, 10 × primer mix (containing
3µM each primer) and template DNA (80 ng).
The PCR reaction included initial activation
at 95°C for 15 min; 30 cycles of: denaturation
94°C for 30 s, annealing 57°C for 90 s, extension
at 72°C for 90 s; and final extension at 72°C for
10 min. The PCR products were analysed by using
1.7% agarose gel electrophoresis and then were
purified by shrimp alkaline phosphatase and
exonuclease I treatment (ExoSAP-IT, USB).
Minisequencing reactions were performed by us-
ing a SNaPshot™ Multiplex Kit (Applied
Biosystems) with a new set of primers for each
polymorphic site (Table 1). Post-extension treat-
ment was conducted with shrimp alkaline
phosphatase (USB). Primer extension products
were separated and detected on ABI PRISM® 310
Genetic Analyzer with the use of 310 GeneScan
Analysis Software version 3.1 (Figure 1).

Frequencies of RET polymorphisms in patients
and in control individuals were subjected to the
Fisher test in order to analyse associations be-
tween the RET genotype and clinical features of
the patients. The significance level was set at 5%
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Figure 1. Polymorphism in exon 2 of the RET gene detected on ABI PRISM® 310 Genetic Analyzer. Polymorphic
genotypes at 135G>A: homozygous 135A/A and heterozygous 135G/A; wild type genotype: 135G/G.



and the analysis was done with the aid of the
STATISTICA 6.0 package (Statsoft, Inc).

Results

The male:female ratio of HSCR individuals was
3:1. Only 2 of the investigated HSCR patients had
a familial history of the disease. A short or ul-
tra-short segment of aganglionic gut was found in
59 patients (84.3%) and a long segment in 9 pa-
tients (15.7%). Additional congenital defects (i.e.
chromosomal aberrations, such as trisomy of
chromosome 21, idiopathic mental retardation,
defects of the alimentary and urinary tract, heart
defects, hearing loss, ophthalmologic abnormali-
ties, cleft and/or lip palate) were observed in
48.6% of patients. Complications following surgi-
cal treatment were observed in 15 cases (21.4%).
Long-term follow-up examination (physical ex-
amination and rectal manometry (110 years after
the surgery), parents’ questionnaire concerning
their assessment and satisfaction with the surgical
treatment results) revealed that a very good result
of surgical treatment was observed in 60% of the
patients, a good result in 30%, and a poor result in
10%. Constipation, stool loosening and under-

wear soiling were observed in patients from the
group with poor results of a standard surgical
treatment. Frequently, these patients needed more
than one reconstructive operation. Additional

congenital defects were observed in 5 of 7 patients
in this group; 4 of them had a long segment of
aganglionosis and in 4 cases complications oc-
curred.

The genotype frequencies of each analysed
polymorphism did not differ from the values ex-
pected by the Hardy-Weinberg model, both in pa-
tients and controls. However, some differences in
the tested allele and genotype frequencies between
the patients and control individuals were observed
(Table 2). Three out of seven proved to be statisti-
cally significant. Allele 135A in exon 2 was identi-
fied in 51.4% of the 140 HSCR chromosomes and
in 23.7% of the 80 control chromosomes. Allele
2071A in exon 11 was identified in 10.7% of pa-
tients versus 17.5% of the control group, and allele
2712G in exon 15 in 11.4% versus 21.3%. Con-
sidering genotypes, both heterozygous (A/G) and
homozygous (A/A) forms with the 135A allele
were overrepresented in the HSCR group, as they
were found in 81.4% of patients versus 40% of the
control group (P = 0.0001, Table 2). Homo- and
heterozygous genotypes involving alleles 2071A
and 2712G were underrepresented in the HSCR
group (observed in 20% and 21.4% of patients,
versus 35% and 40% of the control group, respec-
tively) (P < 0.05, Table 2).

Syndromic cases of HSCR, with additional
congenital defects and poor postoperative
long-term follow-up evaluation, were more fre-
quently associated with the 135A allele in exon 2
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Table 2. Frequency of polymorphic alleles and of genotype variants with that allele
in patients with Hirschsprung disease (HSCR) and control individuals.

Exon Polymorphic al-
lele/genotype

(homo- and hetero-
zygous)

Frequency (N/%) in
HSCR patients
T = 70, A = 140

Frequency (N/%) in
control group
T = 40, A = 80

Statistic
signifi-
cance

2 135 A
135 G/A or A/A

72/51.4
57/81.4

19/23.7
16/40

P = 0.0001
P = 0.0028

3 375 A
375 C/A or A/A

0/0
1/0.15

1/1.25
1/2.5 P > 0.05

7 1296 A
1296 G/A or A/A

48/34.3
42/60

32/40
26/65 P > 0.05

11 2071 A
2071 G/A or A/A

15/10.7
14/20

14/17.5
14/35

P = 0.044
P = 0.043

13 2307 G
2307 T/G or G/G

50/35.7
42/60

24/30
22/55 P > 0.05

14 2508 T
2508 C/T or T/T

1/0.7
1/0.15

3/3.75
3/7.5 P > 0.05

15 2712 G
2712 C/G or G/G

16/11.4
15/21.4

17/21.3
16/40

P = 0.02
P = 0.023

A = total number of alleles; N = number of individuals; T = total number of patients



(P < 0.05). Moreover, this allele was observed
more often in patients with a long segment of
aganglionosis (100%) than in children with milder
types of aganglionosis, i.e. with short and ul-
tra-short affected segments: 82.6% and 61.5%, re-
spectively (Table 3). On the other hand, allele
2071G in exon 11 and allele 2712G in exon 15
seem to be more often associated with short- and
ultrashort-segment HSCR, with lack of any com-
plications after treatment and with good results of
the postoperative long-term follow-up evaluation,
although the differences were not statistically sig-
nificant (P > 0.05, Table 3).

Discussion

HSCR has been shown to be associated with mul-
tiple genes (Passarge 2002; Brooks et al. 2004).
Furthermore, HSCR is a complex multigenic or
oligogenic disorder, in which the cumulative ef-
fect of mutations in multiple genes contributes to
individual phenotype, suggesting genetic hetero-
geneity (Bolk et al. 2000, 2002; Passarge 2002;
Brooks et al. 2004). Although molecular analyses
have identified several genes involved in the aeti-
ology of HSCR, the major disease-susceptibility
gene has been mapped to the chromosomal region
10q11-q12 and named the RET gene (REarranged
during Transfection). It encodes the tyrosine
kinase transmembrane receptor (Edery et al. 1994;
Romeo et al 1994). It is speculated that
loss-of-function germline mutations lead to nega-
tive dominant or haploinsufficiency effects
(Brooks et al. 2004; Œmigiel et al. 2004). How-
ever, RET mutations have been found only in up to
30% of patients with sporadic HSCR and 50% of
familial HSCR cases (Seri et al. 1997; Sancandi

et al. 2000). Additional genetic defects, variable
expression, incomplete penetrance, together with
the existence of syndromic forms, could explain
this discrepancy. Some polymorphic variants of
the RET gene, including those found in the
non-coding RET sequence, are believed to modify
the effect of mutations in RET genes (Borrego
et al. 2000; Fitze et al. 2002). Moreover, several
SNPs in RET have recently been reported to show
allelic association with HSCR. Some of them are
overrepresented, and some are underrepresented
in HSCR patients compared with the normal popu-
lation (Borrego et al. 1999, 2000; Fitze et al.
1999 ).

All but one SNPs of the RET gene investigated
in our study are silent mutations; they are located
in exons 2, 3, 7, 13, 14 and 15. Only the polymor-
phism in codon 691 in exon 11 involves a change
in the amino acid residue, from glycine to serine
(Table 1). The mechanism by which silent
polymorphisms act in HSCR pathogenesis is still
unknown.

Most of our results regarding the frequency
of polymorphic variants in the RET gene are con-
sistent with those of other authors. We found that
the 135A allele in exon 2 was significantly
overrepresented in the cohort of 70 Polish HSCR
patients compared to normal, unrelated control in-
dividuals (Table 2). Similar findings were ob-
tained in a series of HSCR cases from other
populations (Borrego et al. 1999, 2000; Fitze et al.
1999, 2002). In contrast, 2 others allele 2071A in
exon 11 and 2712G in exon 15 were significantly
underrepresented in HSCR patients compared to
the control group (Table 2). This is consistent with
the data obtained by Borrego et al. (1999, 2000). Al-
lele frequencies of the remaining 4 of the 7 tested
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Table 3. Comparison of RET polymorphic genotypes with some features of Hirschsprung disease phenotype.
Significant differences (Fisher test, P � 0.05) are bold-faced.

Polymorphic
genotypes (homo-

and heterozy-
gous)

Phenotype

type of aganglionosis congenital defect complications postoperative result

long
segment

N/%
T = 11

short
segment

N/%
T = 46

ultra
short seg-

ment
N / %
T = 13

yes
N /%

T = 34

no
N/%

T = 36

yes
N/%

T = 25

no
N/%

T = 45

very good
N/%

T = 42

good
N/%

T = 21

poor
N/%
T = 7

135 G>A
1 /100 38/82.6 8/61.5 32/94.1 25/69.4 24/96 34/75 32/76 19/90.5 6/85.7

P = 0.052 P = 0.008 P = 0.007 P = 0.073

2071 G>A
2/18.2 6/13 6/46.2 7/20.6 7/19.4 3/12 11/24.4 5/11.9 7/33.3 1/14.3

P = 0.028 P = 0.570 P = 0.581 P = 0.243

2712 C>G
2/18.2 7/15.2 6/46.2 7/20.6 8/22.2 3/12 12/26.6 7/16.6 7/33.3 1/14.3

P = 0.063 P = 0.675 P = 0.340 P = 0.374

N = number of individuals; T = total number of patients



SNPs (at RET sequence positions 375, 1296, 2307
and 2508) were similar in both HSCR patients and
normal individuals (Table 2). Interestingly,
the frequency of allele 2307G, which was previ-
ously found to be overrepresented in HSCR pa-
tients, was almost equal when compared to the
control group in our study (Borrego et al. 1999;
Fitze et al. 1999).

We speculated that the 135A allele potentially
contributes to or modifies the HSCR phenotype.
Fitze et al. (2002, 2003) suggested that the poly-
morphic variant in exon 2 predisposes to a milder
form of HSCR. We confirmed that the severity of
HSCR phenotype is associated with the 135G>A
polymorphism, but we obtained a different geno-
type-phenotype correlation. In our study,
the 135A allele is significantly more frequent in
patients with the syndromic form of HSCR, with
more complications and with poor long-term ef-
fect of the treatment (Table 3). Thus our results
suggest that the 135A allele of the silent (A45A)
polymorphism in exon 2 might be associated with
the severe phenotype of HSCR or even with the
predisposition to HSCR. A number of mecha-
nisms can underlie this observation. For instance,
silent sequence variants could result in creation of
a new alternative splice-site (acceptor, donor
or enhancer site), which in turn could lead to for-
mation of a truncated protein or an error in
ligand binding (Borrego et al. 1999).

Two other RET polymorphisms analysed in
this study (2071G>A and 2712C>G in exons 11
and 15, respectively) also seem to be correlated
with the HSCR phenotype, especially with
the length of the aganglionic segment. As shown
in Table 3, the frequencies of 2071G>A
and 2712C>G genotypes involving alleles 2071A
and 2712G, respectively, in Polish patients show
an inverse association with the severity and type of
aganglionosis, starting with the lowest frequency
associated with a long segment of HSCR cases (in
both allelic variants 18.2%), rising only in the
mildest type of aganglionosis ultrashort segment
(in both 46.2%). However, these differences are
not statistically significant (P > 0.05). For more re-
liable results, the number of individuals in both af-
fected and control group should be increased.
In brief, while the polymorphic variant 135A in
exon 2 seems to predispose to HSCR develop-
ment, alleles 2071A and 2712G in exons 11 and 15
appear to have a protective effect against the se-
vere type of aganglionosis.

Conclusions

Our findings confirm that specific RET

polymorphisms, reported to contribute to HSCR
phenotype in other populations, are similarly fre-
quent in Polish patients. The severity of the clini-
cal manifestation of HSCR is correlated with the
frequency of the 135A allele and seems to be in-
versely correlated with the frequencies of 2071A
and 2712G alleles. Further exploration of the rela-
tionship between SNPs and mutations in the RET

gene and HSCR phenotype should help to gain
better insight into the aetiology of this complex
disease.
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