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Abstract:
Background: Cervical carcinoma is the fourth most common cancer in women worldwide and the second leading cause of cancer-related deaths. However, it is potentially treatable if precursor lesions and invasive carcinomas are identified early. Given the poor prognosis associated with adenocarcinoma and adenosquamous carcinoma, precise identification of these cancers during routine histopathological examinations can significantly benefit patients. Therefore, in developing countries like Bangladesh, using cost-effective mucin stains, such as Periodic Acid-Schiff and Alcian Blue, may be helpful in the early detection of carcinomatous processes, particularly aggressive mucin-secreting carcinomas.
Objective: This study explores mucin characteristics in cervical precancerous lesions and invasive cancers to enhance histological diagnosis and predict prognosis.
Materials and methods: This cross-sectional study includes 70 paraffin blocks from patients histopathologically diagnosed with cervical carcinoma and 30 paraffin blocks from patients diagnosed with cervical intraepithelial lesions at the Department of Pathology, Rajshahi Medical College.
Results - In a study involving 70 cases of invasive cervical carcinoma, mucin positivity was detected in 28 cases. Acidic mucin was the most prevalent type, found in 15 cases, followed by mixed mucin in 11 cases and neutral mucin in only 2 cases. Notably, mucin positivity was present in 15 cases of grade one cancers, which is significantly higher compared to grades two and three. Among 17 cases of poorly differentiated squamous cell carcinoma, 4 cases tested positive for mucin, leading to the reclassification of 3 cases as adenosquamous carcinoma and 1 case as adenocarcinoma. This result was statistically significant, with a P-value of less than 0.05. Furthermore, among 30 cases of cervical intraepithelial neoplasia, intraepithelial mucin was observed in 5 cases—of which 3 were identified as neutral mucin types and 2 as mixed. However, this finding was not statistically significant, indicated by a P-value greater than 0.05.
Conclusion- This study demonstrates that the prevalence of acid mucin rises in conjunction with an increase in tumor grade. Furthermore, some commonly diagnosed squamous cell carcinomas are actually mucin-secreting adenocarcinomas or adenosquamous carcinomas. Thus, mucin could serve as a valuable marker for accurate histological diagnosis, early detection of malignant transformation, and prediction of prognosis. 
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Introduction: 
Cervical cancer is the fourth most common cancer among women worldwide, with an estimated 604,127 new cases and 341831 deaths reported in 2020. In Bangladesh, it ranks as the second most common cancer in women, with 8,268 new cases and 4,971 deaths in the same year.1 
The incidence and mortality rates of cervical cancer are significantly higher in developing countries compared to developed countries. This disparity is mainly due to limited access to screening facilities, which often results in cases being detected only at more advanced stages. Cervical cancer has multiple contributing factors, but it also has a strong potential for prevention. Given its serious implications, it is a crucial topic for in-depth study.2 
The precancerous lesions of the cervix are categorized into cervical intraepithelial neoplasia grades 1, 2, and 3. Invasive cervical cancers are broadly categorized into squamous cell carcinoma, adenocarcinoma, and adenosquamous carcinoma, while other types are rare.3
Well-differentiated lesions typically do not present diagnostic challenges. However, in 20-30% of cases, poorly differentiated squamous cell carcinomas that are diagnosed using H&E staining may actually be adenocarcinomas or adenosquamous carcinomas when examined with mucin stains. This highlights the importance of routine inclusion of mucin stains in the diagnostic process.4 The importance of identifying mucin-secreting cancers is that these tumors tend to have an unusually aggressive progression and are linked to a significantly worse prognosis compared to their pure squamous counterparts.3 
Mucins are divided into two main types: neutral and acidic mucins, with neutral mucins being slightly alkaline. In malignancy, cancerous cells change behavior and secrete different mucins than normal cells, reverting to an embryonic state during carcinogenesis. Secretory changes in mucins can occur before visible nuclear alterations, making the study of these changes valuable for early cancer detection.5
Normal endocervical glands contain a mix of neutral and acidic mucins, primarily neutral. In malignant glands, the balance shifts to a predominance of acidic mucin, indicating a change in the mucin pattern.6 
This study was conducted to evaluate mucin characteristics in precancerous lesions and invasive cervical cancers and to compare our findings with those in the existing literature.

Materials and methods:
This study was conducted in the Department of Pathology at Rajshahi Medical College from March 2020 to February 2022. It included 100 paraffin blocks from patients who were histopathologically diagnosed with cervical intraepithelial neoplasia and cervical carcinomas in this department. All histopathologically confirmed cases were included in the study, while poorly fixed samples were excluded.
H&E and combined PAS/AB staining were conducted following the protocol from the Department of Pathology at Rajshahi Medical College. Slides were examined to classify CIN cases as CIN I, II, or III, and invasive carcinomas as grade 1 (well-differentiated), grade 2 (moderately differentiated), or grade 3 (poorly differentiated). Tumors were categorized by mucin content as negative (less than 5%), mild (5-30%), moderate (31-70%), or strong (greater than 70%). A control section of combined PAS/AB-stained normal cervix was used for mucin comparison.

Results:
This study examines 100 cases of cervical precancerous lesions and cancers from the Department of Pathology at Rajshahi Medical College. Among these cases, 75 (75%) were aged 40 to 60 years, 7 (7%) were under 40, and 18 (18%) were over 60. The mean age was 51.42 ± 8.75 years. Table 1 shows the age distribution of cervical adenocarcinomas in the study.






Table I: Distribution of the study subjects by their age (n = 100).

	Age (years)
	Frequency
	(%)

	<40
	7
	7%

	41-60
	75
	75%

	>60
	18
	18%

	Mean  SD
	51.42  8.75

	Range (Min-Max)
	(29-74)




Of the total 100 cases, 45 (45%) were invasive cervical squamous cell carcinoma, 15 (15%) were invasive adenocarcinoma, 10 (10%) were invasive adenosquamous carcinoma, and 30 (30%) were cervical intraepithelial neoplasia (Figure 1).
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Figure 1: Bar diagram showing the distribution of cases according to the type of tumor (n = 100).

Most cases were CIN-II (36.67%), followed by CIN-III (33.33%) and CIN-I (30%) as shown in Figure 2.
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Figure 2: Pie chart showing the distribution of study subjects according to CIN grade (n=30).

In grade 1 cancers, 41.9% were classified as squamous cell carcinoma, while adenocarcinoma accounted for 34.9% and adenosquamous carcinoma made up 23.3%. Additionally, all cases of grade 2 (10 cases) and grade 3 (17 cases) invasive cervical cancers were identified as squamous cell carcinoma (see Table II).

Table II: Distribution of invasive cervical carcinoma by their histological types (n = 100).
	  Tumor type
	Tumor grade of invasive cancers
	      Total
	

	
	  Grade 1
	    Grade 2
	   Grade 3
	
	P value

	
	 N
	  %
	   N
	  %
	  N
	 % 
	   N
	       %
	

	Squamous Cell Carcinoma
	18
	41.9
	10
	100
	17
	100.0
	5
	64.3
	

	Adenocarcinoma
	15
	34.9
	0
	0.0
	0
	0.0
	15
	21.4
	<0.001

	Adenosquamous Carcinoma
	10
	23.3
	0
	0.0
	0
	0.0
	10
	14.3
	

	Total
	43
	100
	10
	100
	17
	100.0
	70
	100.0
	




Out of 70 cases of invasive cervical cancer, 42 (60%) were mucin-positive, while 28 (40%) were mucin-negative (Figure 3).
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Figure 3: Pie chart showing the distribution of mucin in invasive carcinoma (n = 70).

Out of 30 cases of CIN, 5 (16.67%) were mucin positive and 25 (83.33%) were mucin negative (Figure 4).
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Figure 4: Bar diagram showing the distribution of mucin in CIN (n = 30).

Among the 28 mucin-positive cases, 15 (53.57%) exhibited predominantly acidic mucin, 11 (39.29%) displayed predominantly mixed-type mucin, and 2 (7.14%) showed neutral mucin (Figure 5).
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Figure 5: Pie chart showing mucin types in invasive carcinoma (n=70).

Out of the five mucin-positive cases, three (60%) exhibited predominantly neutral mucin, two (40%) displayed predominantly mixed-type mucin, and none showed acidic mucin (Figure 6).
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Figure 6: Pie chart showing mucin types in CIN (n=30).

Mucin was positive in 4 cases (8.9%) of squamous cell carcinoma, 15 cases (100%) of adenocarcinoma, 9 cases (90%) of adenosquamous carcinoma, and 5 cases (16.7%) of cervical intraepithelial neoplasia. The differences among the study groups were statistically significant (p < 0.05, Table III).




Table III: Association of mucin with tumor type (n =100).
	
	Tumor type
	
Total
	
P value

	
	Squamous Cell Carcinoma
	Adenocarcinoma
	Adenosquamous Carcinoma
	CIN
	
	

	
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%
	

	
	Mucin positive
	4
	8.9
	15
	100.0
	9
	90
	5
	16.7
	33
	33.0%
	<0.001

	
	Mucin negative
	41
	91.1
	0
	0.0
	1
	10.0
	25
	83.3
	67
	67.0
	

	 Total
	45
	100.0
	15
	100.0
	10
	100.
	30
	100.0
	100
	100




In the study, 24 out of 43 (55.8%) grade 1 invasive cancers exhibited mucin positivity, while 4 out of 17 (23.5%) grade 3 invasive cancers showed mucin positivity. Notably, none of the grade 2 tumors demonstrated any signs of mucin positivity. The mean difference among the study groups was not statistically significant (p > 0.05) as shown in Table IV.

Table IV: Association of mucin status with tumor grade (n=43)
	Mucin status
	Tumor grade of invasive cancers
	Total
	

	
	Grade 1
	Grade 2
	Grade 3
	
	P value

	
	N
	%
	N
	%
	N
	%
	N
	%
	

	
	Mucin positive
	24
	55.8
	0
	00
	4
	23.5
	28
	40
	

	
	Mucin negative
	19
	44.2
	10
	100
	13
	76.5
	42
	60
	0.072ns

	Total
	43
	100
	10
	100
	17
	100
	70
	100
	




Out of 30 CIN cases, 3 (33.3%) CIN-I cases showed mucin positivity, along with 1 (9.1%) CIN-II case and 1 (16.7%) CIN-III case. The mean difference among groups was not statistically significant (p > 0.05) (Table V).

Table V: Distribution of mucin by CIN grades (n=30)
	Mucin status
	CIN grade
	Total
	P value

	
	CIN-I
	CIN-II
	CIN-III
	
	

	
	N
	%
	N
	%
	N
	%
	N
	%
	


>0.05

	Mucin positive
	3
	33.3%
	1
	9.1%
	1
	10.0%
	5
	16.7%
	

	Mucin negative
	6
	66.7%
	10
	90.9%
	9
	90.0%
	25
	83.3%
	

	Total
	9
	100.0%
	11
	100.0%
	10
	100.0%
	30
	100.0%
	




Table VI summarizes mucin types in carcinoma cases. Among mucin-positive squamous cell carcinoma, 4 out of 45 cases (8.9%) showed mixed mucin, with no other types detected. All 15 cases (100%) of adenocarcinoma were mucin-positive: 9 (60%) had acidic mucin, 4 (26.7%) had mixed mucin, and 2 (13.3%) had neutral mucin. In adenosquamous carcinoma, 6 out of 9 cases (66.7%) showed acidic mucin, while 3 (33.3%) had mixed mucin. Additionally, of the 5 mucin-positive CIN cases, 3 (60%) showed neutral mucin and 2 (40%) showed mixed mucin (see Table VI).

Table VI: Distribution of mucin-type by the type of tumors (n=100)
	
	Tumor type
	Total
	

	
	Squamous Cell Carcinoma
	Adenocarcinoma
	Adenosquamous Carcinoma
	CIN
	
	P value

	
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%
	

	
	Acidic
	0
	0.0
	9
	60
	6
	60
	0
	0.0
	15
	15.0
	

	
	Neutral
	0
	0.0
	2
	13
	0
	0.0
	3
	10.0
	5
	5.0
	

	
	Mixed
	4
	8.9
	4
	26.7
	3
	30.0
	2
	6.7
	13
	13.0
	<0.001

	
	Negative 
	41
	91.1
	0
	0.0
	1
	10.0
	25
	83.3
	64
	64.0
	

	Total
	45
	100
	15
	100
	10
	100
	30
	100.0
	100
	100.0
	



Among invasive cervical cancer cases, 15 (21.4%) showed predominantly acidic mucin, 11 (15.7%) had mixed mucin, and 2 (2.9%) exhibited neutral mucin. In grade 1 tumors, 15 (34.9%) were predominantly acidic, 7 (16.3%) mixed, and 2 (4.7%) neutral, while 19 (44.2%) showed no mucin positivity. Grade 2 tumors had no mucin positivity, and in grade 3 tumors, 4 (23.5%) showed mixed mucin, with 13 (76.5%) showing none. The mean differences among groups were statistically significant (p < 0.05) as indicated in Table VII.

Table VII: Distribution of mucin-type by the grade of invasive tumors (n=70)
	Mucin status
	Tumor grade of invasive cancers
	
P value

	
	Grade 1
	Grade 2
	Grade 3
	

	
	N
	%
	N
	%
	N
	%
	

	
	Predominantly acidic
	15
	34.9
	0
	10
	0
	0.0
	

	
	Predominantly neutral
	2
	4.7
	0
	20
	0
	0.0
	

	
	Mixed
	7
	16.3
	0
	0.0
	4
	23.5
	0.039

	
	No mucin present
	19
	44.2
	10
	100
	13
	76.5
	

	Total
	43
	100
	10
	100
	17
	100
	




Out of 17 cases of poorly differentiated squamous cell carcinoma, only 1 (5.9%) showed strong mucin expression, 3 (17.6%) cases exhibited mild mucin expression, while the remaining 13 (76.5%) showed no mucin expression (<5%) (Table VIII).

Table VIII: Mucin expression in poorly differentiated-cervical squamous cell carcinoma (n=17) 
	Mucin expression
	N
	%

	No mucin
	13
	76.5

	Mild (5-30%)
	3
	17.6

	Moderate (31-70 %)
	0
	0.0

	Strong (>70%)
	1
	5.9

	Total
	17
	100




In the classification based on mucin content, four cases of poorly differentiated squamous cell carcinoma were reclassified: three (17.65%) as adenosquamous carcinoma and one (5.88%) as poorly differentiated adenocarcinoma. The remaining thirteen cases (76.47%) stayed as poorly differentiated squamous cell carcinoma. The mean difference among the study groups was statistically significant (p<0.05) as shown in Table IX.

Table IX: Revised diagnosis of poorly differentiated squamous cell carcinoma (n=17).
	
	Squamous cell carcinoma
	Adenocarcinoma
	Adenosquamous carcinoma
	Total
	P value

	On H&E stain
	17
	0
	0
	17
	<0.001

	On mucin stain
	13
	1
	3
	17
	




Discussion: 
Cervical carcinoma is the second most common cancer among women in Bangladesh and a leading cause of cancer-related deaths (Globocan 2020) ( REFERENCE). The Pap smear and colposcopic biopsy have enhanced screening methods. Traditionally, the hematoxylin and eosin (H&E) stain is used for diagnosis and histological typing. Early detection of cancerous lesions is essential. There are significant prognostic differences among histological types of cervical cancer and precancerous lesions, making accurate identification essential in a cost-effective manner. The combined Periodic Acid-Schiff (PAS) and Alcian Blue (AB) mucin stain may aid in this process. This study aims to evaluate the effectiveness of mucin staining in detecting cervical precancerous lesions and cancers in the Bangladeshi population.
This study analyzed 100 cases, including 70 cervical cancers and 30 cervical intraepithelial neoplasia (CIN) cases, with ages ranging from 29 to 74 years and a mean age of 51.42 years.
Of the cervical cancer cases, 45 (45%) were invasive cervical squamous cell carcinoma—18 grade 1, 10 grade 2, and 17 grade 3. Additionally, 15 (15%) were invasive adenocarcinoma, and 10 (10%) were invasive adenosquamous carcinoma, all grade 1. The CIN cases included 11 CIN-I, 9 CIN-II, and 10 CIN-III cases. This data is similar to the study conducted by Lakshmi et al7 where 15 cases of cervical intraepithelial neoplasia (CIN) were included, with 5 cases (33%) of each CIN-I, CIN-II, and CIN-III.
Out of 70 invasive cancer cases, 28 (40%) were mucin-positive and 42 (60%) negative. In 30 CIN, 5 cases (16.67%) showed mucin positivity, while 25 (83.33%) were negative. Among premalignant and malignant cervical cancers, 15 (45.4%) expressed acidic mucin, 5 (15.2%) tested positive for neutral mucin, and 9 (39.4%) showed positivity for both types.
A study by Mishra et al.8 found a significant decrease in neutral mucins in all six specimens examined. Similarly, Ajay et al.9 reported that 28 out of 30 mucin-secreting carcinomas showed decreased mucin levels, predominantly acidic. These findings are consistent with Ambali et al.5 who noted that all ten cervical adenocarcinomas reacted strongly to Alcian blue stain.
A study conducted by Hayashi et al.10 demonstrated that out of 41 cases of cervical adenocarcinoma, 11 (28.82%) exhibited neutral mucin, 28 (68.29%) displayed mixed-type mucin, and 2 (4.87%) showed predominantly acidic mucin. In a separate study by Lapertosa et al.11 20 specimens of normal cervix and 10 cases of cervical adenocarcinoma were examined. All normal cervical specimens had abundant mucin secretion, whereas the adenocarcinomas produced significantly less mucin compared to the normal cervix. Additionally, the type of mucin shifted from neutral to mixed, with a notable predominance of sialomucin in the adenocarcinomas.
Mucin was positive in 4 cases (8.9%) of squamous cell carcinoma, all 15 cases (100%) of adenocarcinoma, 9 cases (90%) of adenosquamous carcinoma, and 5 cases (16.7%) of cervical intraepithelial neoplasia. The differences among the groups were statistically significant (p < 0.05), indicating that well-differentiated adenocarcinoma and adenosquamous carcinoma are nearly always mucin-positive. This result agrees with Linda et al.12 who found that 100% of adenocarcinoma and adenosquamous carcinoma cases were mucin-positive. Keshav et al.13 also reported similar findings. 
In our study, the majority of mucin-positive cancers were grade 1, with 24 cases (55%), followed by grade 3 at 23.5%, while no grade 2 mucin-positive cancers were observed. Grade 1 tumors predominantly showed acidic mucin in 15 cases (34.9%), whereas all 4 grade 3 cancers (23.5%) exhibited mixed mucin types. Mucin was absent in 44.2% of grade 1 tumors, 100% of grade 2 tumors, and 76.5% of grade 3 tumors. This suggests that acidic mucin is more prevalent in grade 1 tumors, and mucin content decreases with increasing tumor grade. Other studies have shown similar results. Swapna et al.6 found that normal endocervical glands primarily contain neutral mucin, but during malignant transformation, the amount of mucin decreases and becomes more acidic. This change in mucin composition may help in the early detection of neoplastic diseases.
Mucin-positive poorly differentiated squamous cell carcinoma cases were reclassified based on mucin volume. Out of 17 cases, 4 were mucin positive. Three cases (17.65%) had mucin content between 5% and 70%, reclassified as adenosquamous carcinoma, while one case (5.88%) with over 70% mucin was reclassified as poorly differentiated adenocarcinoma. Other studies also had similar results. Linda et al.12 used mucin stains in cervical cancer studies and found that 11 cases (24.07%) were reclassified as adenosquamous carcinoma, and 4 cases (7.4%) as adenocarcinoma, previously diagnosed as squamous cell carcinoma with H&E staining.
Mathur et al.4 revealed that 16 out of 282 cases (5.6%) needed to be reclassified as mixed carcinoma instead of squamous cell carcinoma. 
In CIN cases, only 5 (16.7%) were intracellular mucin positive, with 3 cases (75%) showing neutral mucin and 2 (25%) mixed mucin. Acidic mucin is less prevalent in these lesions. Mucin positivity was found in 33.3% of CIN-I, 9.1% of CIN-II, and 10% of CIN-III tumors, suggesting that intracellular mucin is more prominent early in neoplastic transformation. Similar findings were reported by Lakshmi et al.7 who noted that mucin staining helps detect adenosquamous carcinoma more easily, with 1 out of 15 squamous carcinoma in situ cases reclassified as mucin-containing.

Conclusion:
This study concludes that the predominance of acid mucin increases with higher tumor grades. Therefore, mucin may serve as a valuable marker for the early detection of cancerous transformation and the prediction of future prognosis. It can be used alongside H&E staining to identify mucin-producing colorectal adenocarcinomas, which can sometimes be challenging to diagnose using H&E staining alone.
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