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Abstract

Background and Objectives: Precise mechanism underlying the development of Hirschsprung’s disease
(HD) is unknown. Interstitial cells of Cajal (ICC) acts as pacemaker and their alteration has been pro-
posed to occur in HD. The aim/rationale of the study is to find out whether there is any difference in
number of ICCs in HD and non-HD patients, which in turn will support the assessment of level of dis-
turbed ICCs in the proximal normo-ganglionic segment of HD, in order to improve the post-operative
management of HD patients.

Methods: The study comprised total of 55 clinically suspected cases of Hirschsprung’s disease.

Results: Out of 55, 36 were proved to be HD and 19 composed the Non-Hirschsprung’s disease (NHD)
group on H & E examination. The number of ICCs/mm? in outer muscular layer showed significant (p =
0.033) decrease in HD as compared to NHD group whereas no significant decrease was seen in inner
muscular layer. There was significant decrease in number of ICCs/mm2 in outer muscular layer of HD
as compared to NHD.

Conclusion: Expression of Interstitial cells of Cajal in outer muscular layer of colorectum of Hirsch-

sprung’s disease was significantly reduced.
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INTRODUCTION

Interstitial cells of Cajal (ICCs) have been the focus of
lively debate for a number of years. It acts as pace-
maker of enteric nervous system.! Injury to ICC in pat-
ients with dysmotility is always associated with injury
to enteric nerves.23 ICC are of non-neuronal, mesen-
chymal origin, sharing precursors with smooth muscle
cells.»4 Antibody against Kit (CD117), the protoonco-
gene that encodes the receptor tyrosine kinase, is used
as a simple, efficient means of specifically labeling ICC
and they consist of a fusiform cell body with a thin
cytoplasm, a large oval nucleus and dendritic like pro-
cesses.5 ICC form distinct networks in the myenteric
and submucosal regions. Loss or deficiency of ICCs
networks have been reported to be associated with
Hirschsprung’s disease (HD). Myenteric ICCs were
found to be markedly reduced not only in the agangli-
onic segment, but also in the transitional zone and
ganglionic part of HD bowel.6-8 Reduction of myenteric
ICC in the normoganglionic sigmoid colon in HD may
be the cause for the dysmotility disturbances seen in
many patients after pull-through operation due to the
defective transmission of electrical events between the
enteric nervous system and adjacent smooth muscle.6
Despite the widespread use of CD117 antibodies in this

setting, there is no agreement on what constitutes a
normal/abnormal number of ICC or what a normal/
disrupted network of ICC is?

PATIENTS AND METHODS

Sample size of 55 cases was calculated with 95% confi-
dence level, 13% margin of error and taking expected
percentage of Hirschsprung’s disease i.e., 38% in cli-
nically suspected patients. Between March 2012 and
August 2012, rectal biopsies from 55 patients who pre-
sented clinically with symptoms of Hirschsprung’s dis-
ease were collected from patients from CH & ICH,
Lahore based on inclusion criteria of (a) Clinically sus-
pected cases of HD & (b) both sexes and less than 14
years of age. Submucosal and inadequate biopsies
were excluded from the study. Routine processing and
serial sectioning & staining with H & E followed by
CD117 immunohistochemical staining were carried out
at Histopathology department, Shaikh Zayed Hospital,
Lahore. CD117 positive ICCs were counted in consecu-
tive five high power fields x 400 in inner circular and
outer longitudinal muscle coats separately by ocular
graticule using light microscope (Leica, DM 1000) by
the method described by Culling 1974. Data was ente-
red and analyzed using SPSS version 18.0.
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RESULTS Table 1: Shows the numbers of ICCs/mm2 in outer and inner
Colorectal biopsies from total of 55 cases muscular layers, mean + Standard deviation and p
were processed and examined. After H & E value in Hirschsprung’s disease (HD) and Non-
examination of slides, there were 36 (65%) Hirschsprung’s group (NHD).
cases proved to be Hirschsprung’s disease
(aganglionic) and 19 (34%) cases were non- N Mean | SD | pvalue
Hirschsprung’s (ganglionic) group. Out of
these 55 cases, 5 cases were excluded for ICCs/mm?in outer | 1D 32 1654 |75 |prioos
immunostaining because whole of biopsy muscular layer NHD |18 11.57 |82 |P=0.033
tissue was sacrificed in making the diagno-
sis. So, total of 50 cases were left for immu- ICCs/mm? in inner | HP 32 7-03 9-6 D = 0.403
nostaining with CD 117 for demonstration of muscular layer NHD |18 9.53 10.7 ‘
ICCs.

In aganglionic group, 29 (81%) out of 55
were male and 7 (19%) were female (M:F= 120+
4.1:1). In Hirschsprung’s disease group, 22 100 100

patients {11 (30.5%) each less than 1 year & 1004
1.1 to 2 years} were under the age of 2 years,
4 (11.1%) were 2.1 — 3 years, 6 (16.7%) were 804
3.1 — 4 years, 1 (2.8%) was 5 years, 7 (19.4)

were 6.1 — 7 years, 1 (2.8%) was of 9 years
and 1 (2.8%) was 10 years of age. Figure 1
showed the frequencies of major presenting

60+ OHD

BNHD

complaints in both groups. 401
The number of ICCs/mm? in outer mus- 17

cular layer in each section was 6.54 + 7.5 201

showing significant (p = 0.033) decrease in

HD as compared to NHD group. The num- 0-

ber of ICCs/mm? in inner muscular layer in Delayed ~ Abdominal ~ Constipation  Vomiting
each section was 7.03 + 9.6 showing no sig- Meconium  Distension

nificant (p = 0.403) decrease in HD as com-
pared to NHD group as shown in Table.

Fig. 1: Shows the comparison of presenting complaints in HD and
NHD in terms of percentages.

Fig. 2: (A) Photomicrograph shows scattered c-kit positive ICCs in inner layer of muscularis externa in ganglionic biopsy
(IHC x200). (B) Photomicrograph shows very few scattered c-kit positive ICCs in inner and outer muscular layers in
a case of HD (IHC x200).

DISCUSSION act as mediators of neurotransmission and pacemakers
Interstitial cells of Cajal are a group of cells interacting  of peristaltic movement of the gut.! Experiments shows
with enteric neurons and smooth muscle cells. They  the physiological roles of ICC, which indicate that the-
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se cells are involved in transmission and conduction of
slow electrical waves and they act as neural mediators
between enteric nervous system and enteric muscu-
lature. There are synaptic like contacts and gap junc-
tions between nerve terminals and intramuscular IC-
Cs. These intercellular interactions help ICCs to func-
tion as electrical conductors. On light microscopy, it is
very difficult to study these cells. However, the dis-
tribution of these cells can be evaluated by transmiss-
ion electron microscopy (EM). Unluckily, EM is not
available in every centre for easy evaluation. Recognit-
ion of trans-membrane tyrosine kinase receptor, c-kit
through conventional immunohistochemistry has been
evolved as valuable adjunct to routine light microscopy
for highlighting the ICCs distribution. 8 Knowing the
physiological role of ICC, it can be obviously interpre-
ted that abnormal distribution of ICCs may disrupt
pacemaker activity of the gut resulting in disturbed
peristalsis.

Wang et al. in 2009 conducted a study on agang-
lionic region of the colon of patients affected by HD.9
They showed that the number of intramuscular ICCs
was markedly reduced to complete lack of these cells.?
Few studies showed reduced density of c-kit immuno-
reactivity in aganglionic segments of HD patients.2
Anatol et al. in 2008 revealed in his study that 75% of
HD patients had marked diminution of ICCs in agang-
lionic bowel, although 25% of ganglionic bowel also
showed decrease positivity for ICCs.8

Altered distribution of ICCs in the internal anal
sphincter in HD may contribute to motility dysfunct-
ion on these patients. In the muscle layer of normal
IAS (internal anal sphincter), the number of ICCs (6.9
+ 2.1) was significantly higher than IAS of HD (1.1 +
0.3) samples (p [] 0.5).7 In the present study, the num-
ber of ICCs/mm? in outer muscular layer in each sec-
tion was 6.54 * 7.5 showing significant (p = 0.033)
decrease in HD as compared to NHD group. The
number of ICCs/mm?2 in inner muscular layer in each
section was 7.03 + 9.6 showing no significant (p=
0.403) decrease in HD as compared to NHD group.

A study carried out by Wedel et al. quoted ICC in
circular muscle coat in control group as 24.6 + 11.9 &
32.1 + 13.7 and in longitudinal muscle coat 15.1 + 7.9 &
3.6 + 2.4 whereas in megacolon they quoted 10.0 + 6.8
& 8.4 + 7.5 in circular muscle and 4.8 £ 2.8 & 1.1 + 1.0
in longitudinal muscle coat.’o Their results showed
obvious statistically decreased number of ICC in inner
circular and outer longitudinal muscle coats when
compared megacolon group with control group.:* The
proportions of mature ICC in the narrow segment
(0.059 = 0.099%) of HD colon were significantly red-
uced when compared to their proximal segment (1.144
+ 0.173) in adult normal colon.2

Like previous studies, in the present study, we also
found the significant (p < 0.05) decrease in outer mus-
cular layer of aganglionic segment of HD. However,

decrease in ICC in inner muscular layer was not signi-
ficantly (p = 0.323) reduced in HD comparing with
ganglionic segments. As in this study we divided our
patients in two groups i.e., aganglionic and ganglionic
based on H & E examination of colorectal biopsies who
was clinically suspected as HD. There was no problem/
controversy regarding diagnosis of aganglionosis but
when we talk of ganglionic segments actually it may in-
clude the normal number of ganglion cells and allied
HDs, which are hypoganglionosis, hyperganglionosis
and immature ganglion cells. Allied HDs will also show
normal looking ganglion cells on H & E examination.
All of these diseases also present clinically as HD i.e.,
with clinical symptoms of intestinal obstruction during
the course of disease. It may be postulated that these
patients may or may not have associated altered ICCs.
If they have associated ICC abnormality, then the resu-
Its of ganglionic group may be disturbed as well, but
we are not sure about it because of lack of significant
literature data. In our study, the reason of no signifi-
cant alternation of number of ICC/mm? in inner mus-
cular layer may be that ganglionic group might include
allied HDs.

We conclude from this study that expression of
ICC in outer muscular layer of colorectum of Hirschs-
prung’s disease is significantly reduced.

Limitation of the Study

Absolutely normal and healthy colorectal biopsies with
normal ganglion cells and ICCs for precise comparison
are difficult to obtain. In literature, it’s hard to find out
any definite objective criteria on light microscopy to
filter out allied HDs as in the present study, so broadly
they are divided into ganglionic and aganglionic gro-
ups.

Authors’ Contributions
NH: Concept and methodology. AR: Preparation of
manuscript. AHN: Supervision and guidance.

ACKNOWLEDGEMENTS

We are thankful to the administration of CH and ICH
Lahore for allowing us to use the clinical material, and
Lab. staff of Pathology Department Sheikh Zayed Hos-
pital Lahore for technical help.

REFERENCES

1. Huizinga JD, Chen Ji-H, Mikkelsen HB, Wang XY, Par-
sons SP and Zhu YF. Interstitial cells of Cajal, from stru-
cture to function. Frontiersin, 2013; 7 (43): 1-3.

2. Al-Shboul OA. The Importance of Interstitial Cells of
Cajal in the Gastrointestinal Tract. Saudi J Gastro. 2013;
19 (1): 3-15.

3. Klein S, Seidler B, Ketternberger A, Sibaev A, Rohn M,
Feil R et al. Interstitial cells of Cajal intergrate excitatory
and inhibitory neurotransmission with intestinal slow-
wave activity. Nat. Commun. 2013; 4: 1630.

4. Rolle U, Piaseczna-Piotrowska A, Puri P. Interstitial cel-

Biomedica Vol. 33, Issue 2, Apr. — Jun., 2017

126



HEN

NA N., REHMAN A. AND NAGI A.H.

Is of Cajal in the normal gut and in intestinal motility
disorders of childhood Udo Pediatr Surg Int. 2007; 23:
1139-52.

Pasternak A, Szura M, Gil K, Matuja A. Interstitial cells
of Cajal (ICC) — systematic review. Folia morphol. 2016;
75 (3): 281-286.

Negreanu LM, Assor P, Mateescu B, Cirstoiu C. Inter-
stitial cells of Cajal in the gut - A gastroenterologist’s
point of view. World J Gastroenterol. 2008; 14 (41):
6285-8.

Radenkovi¢ G, Nikoli¢ I, Todorovi¢ V.Interstitial cells of
cajal —pacemakers of the intestinal musculature. FU
Med Biol. 2005; 12 (1): 1 — 5.

Streutker CJ, Huizinga JD, Driman DK, Riddell RH.
Interstitial cells of Cajal in health and disease. Part I:

10.

11.

12.

Normal ICC structure and function with associated mo-
tility disorders. Histopath. 2007; 50: 176—89.

Wang H, Zhang Y, Liu W, Wu R, Chen X, Gu L, Wei B,
Gao Y. Interstitial cells of Cajal reduce in number in
recto-sigmoid Hirschsprung's disease and total colonic
aganglionosis. Neurosci Lett. 2009; 451 (3): 208-11.
Sanders KM, Ward SM. Interstitial cells of Cajal: a new
perspective on smooth muscle function. J Physiol. 2006;
576.3: 721—6.

Young HM. Embryological origin of Interstitial cells of
Cajal Microsc Res Tech. 1999; 47: 303-8.

Chen ZH, Zhang YC, Jiang WF, Yang C, Zou GM, Kong
Y. Characterization of Interstitial Cajal Progenitors Cells
and Their Changes in Hirschsprung’s Disease. PloS One,
2014; 9 (1): 1-14.

127

Biomedica Vol. 33, Issue 2, Apr. — Jun., 2017



