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Abstract 

Background: Mucin secretions reflect the functional changes in the mucosa of the gastrointestinal 

tract (GIT) in health and disease. Demonstration of mucin is important in the assessment of various 

gastrointestinal carcinomas. 

Aim: To know the mucin distribution of GIT in normal and pathological lesions and to find out the 

difference in types of mucin and their response in normal and pathological lesions in GIT. 

Materials and methods: A cross sectional observational study was carried out at a tertiary level 

hospital in Navi Mumbai over a period of two years. A total number of 100 cases of surgically 

resected specimens and biopsies were studied. All the specimens and biopsy samples sent to the 

Department of Histopathology were stained with mucin stains (PAS with and without diastase, alcian 

blue, mucicarmine). 

Results: Out of the 100 cases, 42 cases were clinically diagnosed to be malignant. There were 14 

cases of SCC, 1 case of adenocarcinoma of oesophagus, 2 cases of SCC and 8 cases of 

adenocarcinoma of stomach.  Adenocarcinoma of duodenum was 3 in number. 14 cases of colorectal 

carcinomas were found. Neutral mucin was the most prominent type of mucin in oesophageal and 

gastroesophageal carcinomas while acidic mucin was the most prominent type of mucin in carcinomas 

of colon, rectum and stomach.  

Conclusion: Though the special stains concept seems to be simple, yet its diagnostic importance is of 

great significance particularly in cases of malignancy. It is a cost-effective tool for the diagnostic 

histopathology and for the researchers in histology.   
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Introduction  

Mucins are high molecular weight glycoproteins 

that are synthesized, stored and secreted by the 

epithelial mucosal cells of GIT [1, 2]. Mucin 

provides protection for the cell surface against 

pathogens and toxins [3, 4]. Mucins are classified 

into neutral and acidic mucins; the latter include 

sulpho and sialomucins. In the GIT, both neutral 

and acidic mucin are present at specific locations 

and their production is increased or reversed in 

various diseases and malignancies of GIT [5, 6]. 

 

Several staining techniques can be used in the 

clinical histology to demonstrate mucin [7].
 

Alcian Blue is used to demonstrate acid mucins 

and combined with PAS staining procedure to 

demonstrate both acid and neutral mucin; Alcian 

Blue will stain acidic mucin blue and PAS stains 

neutral mucin magenta color. PAS Stains 

glycogen as well as mucin, but tissue can be pre-

digested with diastase to remove glycogen [8]. 

Mucicarmine will stain acidic mucin red and is 

very specific for epithelial mucins including 

adenocarcinomas [9]. 

Materials and methods 

This cross sectional observational study was 

carried over a period of two years at MGM 

Medical College and Hospital, Navi Mumbai, 

Kamothe. All the GIT biopsies and surgically 

resected specimens sent to the histopathology 

section in the laboratory were included. 

Inadequate samples were excluded. Hence, a 

total of 100 cases were included in the present 

study. Mucin was confirmed by staining with 

alcian blue, PAS with diastase and without 

diastase and mucicarmine. Patients’ clinical data 

was collected from the medical records. Clinico-

pathological co-relation was done. Specimens 

were fixed in 10% neutral buffered formalin, 

processed and embedded according to standard 

protocol. All the cut sections were stained with H 

& E followed by special histochemical stains i.e. 

Alcian blue (pH 2.5), Periodic acid Schiff with 

and without diastase, Mucicarmine. The data was 

collected in a specially designed proforma for the 

study and analyzed (Figure – 1 to 5).  

 

Figure - 1: Adenocarcinoma oesophagus showing predominance of acidic mucin: A. Alcian blue 

stain X 40; B. Mucicarmine stain, 40X. 

 
 

Results  

A total of 100 cases were enrolled during the 

entire study period. In our study of 100 GI cases 

66% were males and 34% were females with 

male to female ratio of 1.94:1. Patients with 

upper GI lesions presented in the age range of 2
nd

 

to 7
th
 decade. The mean age group for upper GI 

lesions was 53.79 years. Patients with lower GI 

lesions presented in the age range of 1
st
 to 7

th
 

decade. The mean age group for lower GI lesions 

was 44.87 years. Lower GI lesions were more 

than upper GI lesions with a ratio of 1.17:1. Most 

of the cases were from large intestine (32%) 

followed by small intestine (25%), stomach and 

oesophagus. The predominant non neoplastic 

lesions were from small intestine followed by 

large intestine and most common neoplastic 

lesion was from large intestine followed by small 

intestine and stomach. 



Ajay S Wani, Shilpi Sahu. Utility of mucin stains in the diagnosis of gastrointestinal tract diseases. IAIM, 2020; 7(3): 20-28.  

 Page 22 
 

Figure - 2: Barrett’s oesophagus: A. Mucicarmine stain (400X) showing acidic mucin in goblet cells; 

B. PAS with Diastase stain (100X) showing neutral mucin in columnar cells. 

 
 

Figure - 3: Adenocarcinoma stomach with signet ring cells: A. PAS stain (400X) showing neutral 

mucin; B. Alcian blue stain (400X) showing acidic mucin. 

 
 

Figure - 4: Adenocarcinoma duodenum: A. PAS with Diastase stain (100X) showing neutral mucins 

in goblet cells; B. Alcian blue stain (100X) showing acidic stain. 

 
 

Mucin histochemical reaction of normal 

oesophageal glands and various pathological 

lesions are shown in Table - 1. The predominant 

lesion of Oesophagus was squamous cell 

carcinoma followed by Barrett’s oesophagus. 

Normal oesophageal glands have neutral mucin 

(PAS+). Combination of acidic and neutral 

mucins was found in inflammatory lesions of 

oesophagus. In Barretts Oesophagus, columnar 

cells showed weakly to moderately positivity for 

PAS, PAS with Diastase and goblet cells were 

moderately positive for Alcian blue and 

Mucicarmine stains suggesting the presence of 

both acidic and neutral mucins. Oesophagus 

showed acidic mucins (Alcian blue+) in cases of 

adenocarcinomas. Squamous cell carcinomas do 

not show mucin production. 
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Figure - 5: Adenocarcinoma colon: A. Alcian blue stain (100X) showing extracellular acidic mucin; 

B. Mucicarmine stain (100X) showing acidic mucin; C. PAS stain (100X) showing neutral mucin. 

 
 

Table - 1: Mucin histochemical reactions of normal oesophageal glands and various lesions of 

oesophagus.  

Lesions No. of 

cases 

PAS PAS with 

Diastase 

Alcian 

Blue 

Mucicarmine 

Normal oesophageal glands  +++       +++ _ _ 

Non-specific Esophagitis 2 +++ (2) ++ (2) -  - 

Barrett’s Oesophagus 3 ++ (3)         + (3) ++ (3) ++ (3) 

Dysplasia of Mid-Oesophagus 2 - - - - 

Adenocarcinoma of lower oesophagus 1 +++ (1) ++ (1) ++++ (1) +++ (1) 

SCC of Oesophagus 14 - - - - 

 

Table - 2: Mucin histochemical reactions of normal gastric glands and various lesions of stomach. 

Lesions No. of 

cases  

PAS PAS with 

Diastase 

Alcian 

Blue 

Mucicarmine 

Normal gastric mucosa  +++ + - - 

Gastric Ulcer 1 + (1) + (1) - - 

Chronic Gastritis 6 +++ (6) +++ (6) + (1) + (1) 

Gastric Polyp - Adenomatous polyp 1 +++ (1) +++ (1) ++ (1) ++ (1) 

SCC stomach 2 - - - - 

Adenocarcinoma stomach 8 +++ (8) +++ (8) +++ (8) +++ (8) 

 

Mucin histochemical reaction of normal gastric 

glands and various pathological lesions are 

shown in Table - 2. The most common lesion in 

stomach was gastric ulcer (44%) followed by 

chronic gastritis (33%), squamous cell carcinoma 

(11%) followed by polyp (6%) and 

adenocarcinoma (6%). Surface epithelial 

foveolar cells, cardiac and antral glands were 

found to have neutral mucins (PAS+). There is 

no change in type of mucin expression in 

ulcerated lesions and inflammatory lesions of the 

stomach. However the number of glands 

expressing the neutral mucins was decreased. 

Long standing chronic gastritis associated with 

intestinal metaplasia is recognized by the 

presence of goblet cells showing positivity for 

acidic mucins (Alcian blue+) which may increase 

the risk of future gastric adenocarcinoma. In 

gastric adenocarcinomas neutral and acidic 

mucins both were found. The presence of acidic 

mucin suggests that the tumor arose from areas 

of intestinal metaplasia. 

 

Mucin histochemical reaction of normal small 

intestinal glands and various pathological lesions 

are shown in Table - 3. Normal small intestinal 
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mucosal glands showed acidic mucins and there 

was no change in type of mucin expression in 

ulcerated lesions and inflammatory lesions of the 

small intestine. However the number of glands 

expressing the acidic mucins was decreased. In 

FAP, acidic mucins (Alcian blue+) were 

profoundly seen in the glands, though few glands 

had neutral mucins (PAS+). Both acidic and 

neutral mucins were present in IBD. However in 

ulcerative colitis there was reduction in number 

of mucin producing glands. In Adenocarcinoma 

of duodenum mixed mucin were found. 

 

Table - 3: Mucin histochemical reactions of normal small intestinal glands and various lesions of 

small intestine. 

Lesions No. of 

cases 

PAS PAS with 

Diastase 

Alcian 

Blue 

Mucicarmine 

Small intestinal goblet cells  ++ ++ +++ +++ 

Non specific duodenitis 1 ++ (1) + (1) ++ (1) ++ (1) 

Celiac disease of duodenum 1 ++ (1) + (1) + (1) + (1) 

Duodenal Ulcer 1 - - - - 

Jejunal diverticula 1 ++ (1) ++ (1) ++ (1) ++ (1) 

Non- specific jejunitis 2 + (2) + (2) + (2) + (2) 

Gangrene – jejunum 1 - - - - 

Meckel’s diverticulum 1 + (1) + (1) + (1) + (1) 

FAP 1 ++ (1) ++ (1) +++ (1) +++ (1) 

Typhoid – ileum 2 - - - - 

Adenocarcinoma of SI 3 ++ (3) ++ (3) +++ (3) +++ (3) 

Tuberculosis of Intestine (Ileum) 2 - - - - 

IBD 3 +/++ (3) +/++ (3) +/++ (3) +/- (3) 

Perforation of intestine – ileum 2 +++ (2) +++ (2) +++ (2) +++ (2) 

Stricture 1 - - - - 

 

Table - 4: Mucin histochemical reactions of normal large intestinal glands and various lesions of 

colon. 

Lesions No. of 

cases 

PAS PAS with 

Diastase 

Alcian Blue Mucicarmine 

Colonic goblet cells  +++ +++ ++++ ++++ 

Ulcerative colitis 2 +++ (2) +++ (2) +++ (2) +++ (2) 

Non-specific colitis 11 +++ (11) +++ (11) +++ (11) +++ (11) 

Granulomatous colitis 2 - (2) - (2) +++ (2) +++ (2) 

Adenomatous polyp 1 +++ (1) +++ (1) +++ (1) +++ (1) 

Tubulovillous Adenoma of colon 2 +++ (2) +++ (2) +++ (2) +++ (2) 

Adenocarcinoma – Colon 12 +/++ (12) ++ (12) ++++ (12) ++++ (12) 

 

Mucin histochemical reaction of normal large 

intestinal glands and various pathological lesions 

are shown in Table - 4. The most common lesion 

in large intestine was adenocarcinoma of colon 

(40.1%) followed by non-specific colitis 

(36.8%), ulcerative colitis (6.6%), granulomatous 

colitis (6.6%), villous adenoma colon (6.6%) and 

polyp (3.3%). Normal colonic mucosa shows 

predominance of acidic mucins. In colonic 

adenocarcinomas though there is predominance 

of acidic mucins, presence of neutral mucins was 

also observed suggesting dysplasia.  

 

Mucin histochemical reaction of normal rectal 

glands and various pathological lesions are 

shown in Table - 5. The most common lesion 



Ajay S Wani, Shilpi Sahu. Utility of mucin stains in the diagnosis of gastrointestinal tract diseases. IAIM, 2020; 7(3): 20-28.  

 Page 25 
 

found in rectum and anal canal was fistula in ano 

(28.6%) followed by adenocarcinoma of rectum 

(28.6%) and proctitis, tuberculosis (14.3%) each. 

Normal rectal mucosa showed predominance of 

neutral mucins. In well differentiated rectal 

adenocarcinomas though neutral mucins 

predominated, acidic mucins were also present 

significantly in the malignant glands.  

 

Table – 5: Mucin histochemical reactions of normal rectal glands and various lesions of rectum and 

anal canal. 

Lesions No. of cases PAS PAS with 

Diastase 

Alcian 

Blue 

Mucicarmine 

Rectal goblet cells  + + + + 

Proctitis 1 - - - - 

TB – anal canal 1 - - - - 

Fistula – in – ano 3 - - - - 

Adenocarcinoma – rectum 2 +/+++ (2) +/+++ (2) +/+++ (2) +/+++ (2) 

 

Discussion  

The distribution and amount of mucin varies in 

different regions of the GIT. Mucosa of the GIT 

has been found to have some qualitative as well 

as quantitative changes in the non-neoplastic and 

neoplastic lesions compared to normal mucosa 

by mucin histochemistry. In this scenario, an 

institutional based cross-sectional observational 

study was done to know the mucin distribution of 

GIT in normal and pathological lesions and to 

find out the difference in types of mucin and 

their response in normal and pathological lesions 

in GIT. 

 

M:F ratio of 1.94:1 is mostly comparable with 

studies of Silva, et al. [6], Krishnappa, et al. [10] 

and Prathima S, et al. [2]. The gender ratio 

favoring males could be reflective of the fact that 

the males are exposed to more risk factors than 

females and gastrointestinal malignancies are 

more common in males according to JC 

Paymaster, et al. [11]. Mean age group (53.7 

years) of upper GI lesions was almost similar to 

study of Silva, et al. [6], Krishnappa, et al. [10] 

and Prathima S, et al. [2] in which there was 

predominance of upper gastrointestinal tract 

disease between the age groups of 51-60 years.  

 

Oesophageal diseases 

Non-specific oesophagitis showed absence of 

acidic mucin in our study which correlated with 

Prathima, et al. [2] while it showed 

predominance of neutral mucin which was in 

contrast to the study done by Prathima S, et al. 

[2].
 
Barrett’s oesophagitis showed acidic mucins 

in intestinal metaplastic cells which correlated 

with the finding of Prathima, et al. [2] and 

Sandick JW [12]. No mucins were detected in 

squamous dysplasia of oesophagus which 

correlated with the findings of Prathima S, et al. 

[2].
 

Acidic mucins were predominant in 

adenocarcinoma of oesophagus which correlated 

with the findings of Nithya R, et al. [13] and 

GAD, et al. [14]. 

 

The PAS staining was high in normal esophageal 

tissue and it was gradually decreased in the 

progressive stages of esophageal 

adenocarcinoma. Alcian blue was gradually 

increased from the normal to adenocarcinoma 

stages of the esophageal tissue which correlated 

with study done by Nithya R, et al. [13] and 

GAD, et al. [14]. 

 

Alcian Blue and PAS staining increases the 

sensitivity in detecting the intestinal metaplasia 

of the Barrett’s oesophagus in the pre-neoplastic 

condition of esophageal adenocarcinoma which 

was similar to finding by Nandurkar, et al. [15] 

and Gottfried, et al. [16]. 

  

Gastric disorders 

Long standing chronic gastritis leads to 

significant loss of parietal cell mass and 
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associated with intestinal metaplasia recognized 

by the presence of goblet cells showing positivity 

for acidic mucins and is strongly associated with 

increased risk of gastric adenocarcinoma [17]. 

75% cases of chronic gastritis were PAS positive 

which is in contrast to finding of Prathima, et al. 

[2]
 
which can be interpreted as whatever cases 

were PAS positive were detected in early stages 

of gastritis in our study. Gastric polyp showed 

predominance of neutral mucins more than acidic 

mucins which correlated with studies done by 

Prathima S, et al. [2] and Goldman H, et al. [18]. 

In adenocarcinoma of stomach all the stains were 

positive suggesting the presence of both neutral 

and acidic mucins with slight predominance of 

neutral mucins which correlated with A GAD, et 

al. [14]
 
and Prathima S, et al. [2]. In squamous 

cell carcinoma of stomach, no mucins were 

detected. Therefore all the stains were negative. 

 

Small intestinal disorders 

75% of the celiac disease and jejunal diverticula 

glands were positive for acidic mucin. Duodenal 

polyp showed moderate amount of neutral and 

acidic mucins which was in contrast to study 

done by Prathima S, et al. [2]
 
where both types of 

mucins were weakly positive. In duodenal ulcer 

no mucin was detected by alcian blue stain in the 

ulcerated area. Meckel’s diverticulum showing 

pancreatic mucosa was negative for all other 

acidic mucin stains while areas containing 

normal small intestinal glands showed acidic 

mucins. In Familial adenomatous polyposis 90% 

of the glands were positive for acidic mucin 

which was similar to study done by Prathima S, 

et al. [2]. In typhoid and Tuberculosis mucin 

production was decreased therefore Alcian blue 

stain was negative. In IBD 25-50% of the glands 

were Alcian blue positive suggesting the role of 

acidic mucins in pathogenesis of the disease. In 

perforation site of the intestine increased mucin 

production was noted which was Alcian blue 

positive while in stricture mucin appeared to be 

reduced. In duodenitis 25% glands were Alcian 

blue positive which was in contrast to study done 

by prathima et al which showed 50 % Alcian 

blue positive glands. In well differentiated 

adenocarcinoma around 90% glands were alcian 

blue positive which was similar to findings of 

Prathima, et al. study [2]
 
suggesting the presence 

of mixed mucins still showing predominance of 

acidic mucins more than neutral mucins.  

 

Colo-rectal diseases 

In colorectal carcinoma, reversal of mucin 

patterns was observed which was in accordance 

with the findings of Usman Ali and colleagues 

[19]. Predominance of acidic mucin was 

observed in contrast to normal colon, which had 

predominance of neutral mucin. Mucinous 

adenocarcinoma showed lakes of mucin pools 

and tumor cells float in it. PAS stain for 

colorectal carcinoma gave mild reaction as focal 

magenta staining suggestive of presence of few 

neutral mucosubstances to reduced neutral 

mucosubstances as compared to normal colon. 

These observations were correlated with various 

workers as Shah and Shrikhande [20], 

Subbuswamy SG [21], Gad A [14], Filipe MI 

[22] and Ganga GM [23]. PAS- diastase used for 

confirmation gave mild to moderate reaction as 

magenta color confirms presence of few PAS 

positive mucin.  For acidic mucin, in all colonic 

tumors Alcian Blue pH 2.5 was carried out which 

gave strong reaction as blue color. This is 

suggestive of presence of both acidic mucins i.e. 

carboxylated as well as sulphated. According to 

GAD, et al. [14], carcinoma of colon and rectum 

gave comparable results. The higher the degree 

of differentiation in carcinoma of colon and 

rectum the more closely mucosubstances 

resemble the normal.  

 

In adenocarcinoma of colon all types showed 

almost 100% of the glands showed alcian blue 

positivity in the columnar cells and goblet cells 

which correlated with the study done by 

Nikumbh RD, et al. [24] whereas in carcinoma 

rectum only 25% of alcian blue positivity was 

noted in contrast to study done by Nikumbh RD, 

et al. [24] which showed 100% positivity. 

Comparison of our study with Eiman Awad, et 

al. [25]
 
study was as per Table – 6. 

 

Inference of mucin study in various GIT 

carcinomas 
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The main result in the study of Eiman, et al. [25]
 

shows that both types of mucin were almost 

similar in distribution in most parts of GIT. 

Neutral mucin was the most prominent in 

esophageal and gastro esophageal carcinomas 

while acid mucin was most prominent in 

colorectal carcinoma which was similar to results 

our study. According to JASS, et al. [26]
 

esophageal adenocarcinomas well differentiated 

type secreted sulphomucins and poorly 

differentiated ones secreted sialomucins and 

neutral mucins which was similar to our study 

results. 

 

Table – 6: Comparison of our study with Eiman Awad, et al. [24]
 
study.  

Carcinomas Neutral 

Mucins - 

Our study 

Neutral mucins -  

Eiman Awad, et 

al. [25]  

Acidic Mucins - 

Our study 

Acidic mucins – 

Eiman Awad, et 

al. [25]  

Esophageal adenocarcinoma  100% 60% 100% 40% 

Gastric adenocarcinoma 100% 53% 75.00% 60% 

Duodenal adenocarcinoma 100% -  66.66% - 

Colon Adenocarcinomas  66.66% 48%  83.33% 55% 

Rectal adenocarcinoma 100% 52% 50% 52% 

 

According to Prathima, et al. [2] most cases of 

gastric adenocarcinomas secreted both neutral 

and acidic mucins. Ganesh IM, et al. [27]
 
found 

significant staining of acidic mucins and mild 

staining of neutral mucins in gastric carcinomas 

compared to normal gastric mucosa. Eiman 

Awad, et al. [25]
 

showed that gastric 

adenocarcinomas secreted both neutral and acidic 

mucins with predominance of acidic mucins 

(sialomucins) which was similar to our study 

findings. 

 

Mirna HF, et al. [28]
 
reported that colorectal 

mucinous adenocarcinomas showed a higher 

tumor grade than non- mucinous 

adenocarcinomas. Eiman Awad, et al. [25] and 

Usman Ali, et al. [19]
 
showed that acidic mucins 

in colorectal carcinomas predominate over 

neutral mucin which was in concordance with 

our study. 

  

Conclusion 

Thus from our study, it can be concluded that 

demonstration and identification of different 

types of mucin in GIT carcinomas can assist in 

their classification and predicting prognosis and 

behavior of the tumor. 
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