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ABSTRACT

Objective: This study aims to determine the presence, shape, and value of immunoreactivity of calretinin 
in ganglionic and aganglionic colon samples in Hirschsprung’s Disease (HSCR). 
Method: This study included the ganglion positive and negative intestinal tissue materials of 63 patients 
admitted to the hospital with the prediagnosis of HSCR. Calretinin immunomarker was applied to the 
materials. The cases were divided into three groups as strongly positive, weakly positive and negative for 
calretinin. Staining differences between ganglionic and aganglionic tissue samples were examined.
Results: In all ganglionic biopsy materials, calretinin was seen to be strongly positive in the submucosal 
and myenteric plexuses. Calretinin was evaluated as negative in 60 of aganglionic biopsy materials whe-
reas it was found to be weakly cytoplasmic positive in three cases. A significant difference was observed 
between the positive immunoreactivity of calretinin in the aganglionic and ganglionic segments (p<0.001). 
Rates of sensitivity, specificity, accuracy, positive, and negative predictive values were found to be 100%, 
94.44%, 97.14%, 94.44%, and 100%, respectively.
Conclusion: Calretinin, which has high sensitivity and specificity, is extremely useful in determining gang-
lionic and aganglionic segments. We believe that calretinin can provide a definitive diagnosis with a 
single immunohistochemical study and H&E section since its interpretation is much easier compared to 
hematoxylin-eosin (H&E). Thus, it is extremely important in terms of reducing excessive serial sectioning, 
the need for immunohistochemical assay and re-biopsy. 
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ÖZ

Amaç: Çalışmamızın amacı Hirschsprung Hastalığında (HH) gangliyonik ve agangliyonik kolon örneklerin-
de kalretininin immünreaktivitesinin varlığını, şeklini ve değerini belirlemektir.
Yöntem: HH ön tanısı ile gelen 63 olgunun gangliyon pozitif ve negatif bağırsak dokusu tanısı alan mater-
yalleri çalışmaya dâhil edilip kalretininin immünbelirteci uygulandı. Kalretinin için vakalar kuvvetli pozitif, 
zayıf pozitif ve negatif olarak üç gruba ayrıldı. Gangliyon içeren doku örnekleri ile gangliyon içermeyen 
doku örnekleri arasındaki boyanma farklılıkları incelendi.
Bulgular: Gangliyon içeren biyopsi materyallerinin tamamında submukozal ve miyenterik pleksuslardaki 
gangliyonlarda kalretinin kuvvetli pozitif olarak izlendi. Gangliyon içermeyen biyopsilerin ise 60’ında nega-
tif, 3’ünde zayıf stoplazmik pozitif olarak değerlendirildi. Agangliyonik ve gangliyonik segmentlerde kalre-
tinin pozitif immünreaktivitesi arasında anlamlı bir farklılık izlendi (p<0.001). Kalretinin için sensitivite, 
spesifisite, doğruluk, pozitif prediktif değer ve negatif prediktif değer oranları sırasıyla %100, %94,44, 
%97,14, %94,44 ve %100 olarak bulundu.
Sonuç: Gangliyonik ve aganglyionik segmentlerin belirlenmesinde yüksek sensitivite ve spesifisiteye sahip 
olan kalretinin son derece yararlıdır. Kalretininin hemotoksilen-eozine (H&E) kıyasla yorumlaması çok daha 
kolay olduğu için tek bir immünhistokimyasal çalışma ve H&E kesit ile kesin tanı koydurucu özellikte oldu-
ğunu düşünmekteyiz. Bu yüzden aşırı seri kesit, immünhistokimyasal çalışma gereksinimi ve tekrar biyopsi 
alınması gibi durumları azaltması açısından da son derece önemlidir. 
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INTRODUCTION

Hirschsprung’s disease (HSCR) is a disorder cha-
racterized by the absence of ganglion cells in submu-
cosal and myenteric plexus in the distal colon in 
general, with an incidence of one in 5.000 births. 
Although aganglionic areas are often localized in the 
rectum and rectosigmoid region, a part of the entire 
colon and small intestine has been reported to be 
involved (1,2). Therefore, it is of great importance to 
identify the aganglionic areas pathologically to deter-
mine the surgical margins (3). The number of ganglion 
cells is as significant as the morphological features of 
the ganglion cells, the number of nerves, and cells of 
Cajal for the surgical procedure. Histopathological 
examination is performed with hematoxylin-eosin 
(H&E) staining in the first stage. It may be difficult to 
differentiate immature ganglion cells from lymphocy-
tes, stromal cells, and endothelial cells because they 
are not widely cytoplasmic. Therefore, immunohis-
tochemical assays are needed in cases where H&E 
staining is not sufficient (4). 

Calretinin is a vitamin D-dependent protein 
associated with the calcium signaling mechanism 
that plays a role in the regulation and maintenance 
of the central nervous system (5). Barshack et al. (6) 
were the first authors reporting that expression of 
calretinin was not observed in aganglionic areas in 
HSCR, but it was observed in ganglionic areas. In 
recent years, there have been different studies 
reporting that calretinin is a beneficial marker in 
showing ganglia in HSCR, however, the number of 
these studies is limited and calretinin is used less 
frequently to determine the presence of ganglion in 
routine practice (7). This study aimed to determine 
the presence, shape, and value of immunoreacti-
vity of calretinin in ganglionic and aganglionic colon 
samples in HSCR and to compare calretinin with 
older methods (H&E, S100) used to identify gangli-
onic colon samples.

MATERIALS and METHODS

This study included ganglion positive and negati-
ve intestinal tissue materials of 63 patients who 

were admitted to the hospital with a pre-diagnosis 
of HSCR between January 2010 and January 2019. 
Clinical information such as gender and age of the 
patients were obtained from the information system 
of our hospital. Biopsy materials of the cases were 
analyzed retrospectively. Tissues were cut into 
4-micron sections and placed on charged slides. 
After incubating at 70 degrees for 15 minutes, the 
tissues were placed in an automatic immunohistoc-
hemical staining device (Ventana Roche, USA). 
Tissues in the device were treated with ULTRA Cell 
Conditioning Solution, hydrogen peroxidase, calreti-
nin antibodies (Nova Castra, Leica, Newcastle, United 
Kingdom) after being subjected to deparaffinization 
and dehydration, respectively. Hematoxylin-eosin 
(H&E) and immunohistochemical study preparations 
for each case were re-evaluated were evaluated by 2 
different pathologists.

The cases were divided into three groups as 
strongly positive, weakly positive and negative for 
calretinin (Figure 1, 2, and 3). The differences betwe-
en the materials showing the presence of ganglions 
with H&E staining and clinically specified as ganglio-
nic segment and aganglionic materials were analy-
zed statistically. 

The study was approved by the Local Ethics 
Committee (B.30.2.ATA.0.01.00/47).

Figure 1. Calretinin immunstaining of strong positivity in gang-
lion and intrinsic nerve fibers (A/B).
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Statistical Analysis
Statistical analyzes were performed using Medcalc 

statistical software (MedCalc ver.14, Ostend, 
Belgium). The normality distribution was evaluated 
using D’Agostino-Pearson test. Mann-Whitney U test 
was used to compare the nonparametric data of the 
two groups. Sensitivity, specificity, positive, and 
negative predictive value and accuracy rate were 
calculated for the validity of ganglion- positive and- 
negative results. The statistical power of the new 
test to make a distinction between ganglion-positive 
and negative cases was determined. A p value of 
<0.05 was considered statistically significant.

RESULTS

The mean age of 63 patients was 14 months. 
There was no significant difference between the 
genders in terms of the mean age (p:0.2). Of the 
cases, 15 were female and 48 were males, with a 
male-to-female ratio of 3,2/1.

Biopsy materials belonging to both ganglionic and 
aganglionic segments were available in all 63 cases. 
Calretinin staining was observed as strong cytoplas-
mic and nuclear positive in all submucosal and 
myenteric plexuses in the segments proved to be 
ganglion positive via H&E staining. Calretinin staining 
was found to be negative in 60 biopsy materials and 
surgical operation materials proved to be positive for 
the aganglionic segment after H&E staining and 
biopsy and as weak cytoplasmic positive in three 
patients. A significant difference was observed bet-
ween the positive immunoreactivity of calretinin in 
the aganglionic and ganglionic segments (p<0.001). 
Rates of sensitivity, specificity, accuracy, positive and 
negative predictive values were found to be 100%, 
94.44%, 97.14%, 94.44%, and 100%, respectively. No 
positive immunoreactivity was observed in ganglion- 
positive areas with S100 whereas there was a positi-
ve immunoreactivity in hypertrophic nerve fibers in 
ganglion negative areas in all of the peripheral nerve 
fibers around the ganglia. Since S100 did not show 
positive immunoreactivity in ganglion cells but only 
in nerve fibers, rates of sensitivity, specificity, accu-
racy, positive and negative predictive values were 
calculated for the S100 and ganglion-free nerve 
fibers and were found as follows: %100, %50, %66,67, 
%50, %100.

Table 1. Comparisons of immunstaining between groups.

Calretinin
S100

Intrinsic 
Nerve 
Fiber

3
63

Hypertrophic 
Nerve 
Fiber

-
63

Ganglion 
Cells

63
-

Intrinsic 
Nerve 
Fiber

63
63

pa

<0.001
<0.001

Values are expressed as a number.
aChi Square test 

Aganglionic Segment 
(N:63)

Ganglionic 
Segment (N:63)

Figure 2. Weak cytoplasmic calretinin immunstaining (A/B/C/D).

Figure 3. Negative calretinin immunstaining of hypertrophic 
nerve fiber (yellow circle).
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Whereas 3 of the aganglionic biopsy materials 
with calretinin showed weak immunoreactivity in 
intrinsic nerve fibers, and any hypertrophic nerve 
fibers were not observed. Strongly positive immuno-
reactivity was observed with calretinin in both gang-
lion cells and intrinsic nerve fibers in all ganglion-
containing biopsy materials (Table 1).

DISCUSSION

Hirschsprung’s disease, also known as congenital 
aganglionic megacolon, stands out with the absence 
of ganglion cells in submucosal and myenteric plexu-
ses in the distal gastrointestinal tract and increasing 
number of hypertrophic nerve bundles (8). The male-
to-female ratio is 3-4/1 (9). Forty-eight male, and 15 
female patients were included in the study (male/
female: 3,2/1). Similar to other studies in the litera-
ture, the incidence has been found to be higher in 
males in our study.

In many centers, more than 50 H&E stained serial 
sections are requested to prove the presence or 
absence of ganglion cells, resulting in substantial 
tissue loss and increased workload (10). There are 
studies reporting that the calretinin is an extremely 
useful marker for solving such problems and making 
a definitive diagnosis when H&E staining is not suffi-
cient (4). 

Calretinin, which has a significant role in the regu-
lation of neuronal activity, shows positive immuno-
reactivity in the nerve structures in lamina propria, 
muscularis mucosa, and superficial submucosa, as 
well as ganglion cells in the nerve plexus. In agangli-
onic segments, any positive immunoreactivity was 
not observed in hypertrophic nerve fibers (5). In our 
study, strong calretinin immunoreactivity was obser-
ved in all ganglionic segments whereas any immuno-
reactivity was not observed in almost all aganglionic 
segments. There was a significant difference in terms 
of aganglionic and ganglionic areas. Positive results 
were obtained in determining the presence of gang-
lion with calretinin and high specificity, sensitivity 
and accuracy values were observed. Other studies in 
the literature have reported similar results. Jeong et 
al. (11) found calretinin negativity in all 34 aganglionic 

colon biopsies and nine of 61 ganglionic biopsies and 
reported the specificity and sensitivity of calretinin 
as 85.2% and 100%, respectively. Hiradfar et al. (12) 

reported rates of sensitivity, specificity, positive and 
negative predictive values as 93.3%, 100%, 100%, 
and 93.8%, respectively. In a study by Barshack et al. 
(6) calretinin staining has been reported to be negati-
ve in all aganglionic areas in HSCR cases and positive 
both in ganglia and nerve fibers in ganglionic seg-
ments.

In all of our cases, no positive immunoreactivity 
was observed in ganglion- positive areas with S100 
whereas there was a positive immunoreactivity in 
hypertrophic nerve fibers in ganglion negative areas 
in all of the peripheral nerve fibers around the gang-
lia. Jiang et al. (13) also achieved results similar to ours 
and reported that S100 is useful in determining the 
aganglionic segment in HSCR when used with a met-
hod other than calretinin. They reported that in the 
ganglionic segments they had negative immunoreac-
tivity in ganglion cells and positive immunoreactivity 
in the glial cells surrounding them and intrinsic nerve 
fibers. Also they stated that they observed positive 
immunoreactivity in hypertrophic nerve fibers in 
aganglionic segments. In this way, they argued that 
the S100 would be useful marker both in identifying 
hypertrophic nerve fibers and in detecting negatively 
stained ganglion cells surrounded by positive stai-
ning. Considering the fact that hypertrophic nerve 
fibers are present in aganglionic areas, we believe 
that the S100 can be useful in diagnosis indirectly, 
but when compared with calretinin, more effective 
results can be obtained with calretinin directly.

Tran et al. (14) suggested that calretinin was more 
practical to determine the aganglionic segment in 
HSCR and that calretinin should be preferred first. In 
a study by Mukhopadhyay et al. (15) with a larger pati-
ent group, calretinin was emphasized to be a very 
useful biomarker to distinguish HSCR from diseases 
with similar symptoms such as pseudo-HSCR, visce-
ral neuropathy, and myopathy compared to immu-
nomarkers such as cholinergic markers, neuropepti-
des, and synaptic markers. 

The results obtained in the present study are 
compatible with the studies in the literature. 
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Calretinin H&E has been interpreted very easily in all 
segments proven to be ganglion positive and has 
been found to be positive in ganglia in both submu-
cosal and myenteric plexuses. Calretinin was evalua-
ted to be negative in 60 of the biopsy materials and 
surgical operation materials proved to be positive for 
the aganglionic segment after H&E and biopsy. When 
three cases, where ganglion cells were not detected 
and calretinin immunoreactivity was observed, were 
examined, small intrinsic nerve fibers were observed 
to be stained with calretinin. On the other hand, no 
calretinin immunoreactivity was observed in any of 
the hypertrophic nerve fibers. Similar to our study, 
Jiang et al. (13) reported calretinin staining in agangli-
onic intrinsic nerve fibers in a few cases. Most of the 
studies in the literature reported that calretinin stai-
ning occurred only in ganglionic plexuses. In light of 
all these data, we believe that the calretinin negati-
vity alone is an effective method in determining the 
aganglionic segment and in areas where positive 
immunoreactivity is recorded, it is necessary to 
make a decision in combination with H&E to elimina-
te false positives. 

When we examined aganglionic cases showing a 
positive calretinin immunoreactivity from a different 
perspective, a weak calretinin staining pattern was 
observed in small intrinsic nerve fibers in all of these 
cases. Staining in ganglionic nerve plexuses was 
strongly cytoplasmic and nuclear. Muller et al. (16) 

reported that the weak calretinin staining was a vari-
ant staining pattern and thus, staining was seen in 
the transitional zone in the HSCR. When these three 
cases were examined prospectively, a clinical-
pathological incompatibility was observed with the 
pathological diagnosis of ganglion positivity. Similar 
to the study by Muller et al., (16) we believe that weak 
staining can be seen in the transition zones and that 
only strong calretinin staining can be significant in 
determining the presence of a ganglion. We suggest 
that this issue should be investigated further since 
there is a limited number of studies on this subject 
in the literature. 

 In conclusion, immature ganglion cells may be 
confused with cells such as lymphocytes, endothelial 
cells, and stromal cells since they do not resemble 

mature ganglion cells and therefore, false positive 
results can be obtained with H&E. Calretinin, which 
has high sensitivity and specificity, is extremely use-
ful in solving such problems. Furthermore, we belie-
ve that calretinin can provide a definitive diagnosis 
with a single immunohistochemical study and H&E 
section since its interpretation is much easier com-
pared to NSE, S100, and H&E. Therefore, it is extre-
mely important in terms of reducing excessive H&E 
serial sectioning, the need for immunohistochemical 
assay and re-biopsy.

The limitation of our study is the limited number 
of cases. We believe that studies with a larger pati-
ent population will increase the reliability of our 
findings. 
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