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Abstract  

Background: Benign prostatic hyperplasia (BPH) and prostate cancer (PCa) are the most 

common prostatic diseases in elderly men. Cost-effective methods are required to accurately 

differentiate benign hyperplasia from prostatic adenocarcinoma. 

Methods: This is an analytical, cross-sectional study conducted on 109 archival paraffin-

embedded prostate tissue samples obtained from Omdurman Teaching Hospital. Data collected 

included histopathological diagnosis, lesion type, patient age, and Gleason score for malignant 

cases. Three sections were prepared from each sample and stained using Periodic Acid–Schiff, 

Alcian blue (pH 2.5), and Feulgen reaction to assess mucin types and DNA intensity. The 

diagnostic value of these histochemical stains in differentiating benign and malignant prostatic 

lesions and their association with Gleason grading were evaluated. 

Results: All 53 BPH cases showed positive staining for neutral mucins with complete absence of 

acidic mucins. In contrast, PCa samples demonstrated acidic mucin positivity in 22 cases 

(39.21%), neutral mucin positivity in 2 cases (3.5%), positivity for both mucin types in 17 cases 

(30.35%), and negativity for all mucins in 15 cases (26.78%). Statistically significant differences 

were observed between benign and malignant groups regarding mucin type and DNA staining 

intensity (p < 0.001). Additionally, Gleason score showed a significant association with both 

mucin type and DNA intensity in malignant cases (p < 0.001). 

Conclusion: Mucin histochemical stain can be used as a useful biomarker in differentiating BPH 

from PCa. The intensity of DNA expression using Feulgen reaction may provide valuable 

prognostic information in prostate cancer. 

Keywords: Prostate Adenocarcinoma, Benign Prostatic Hyperplasia, Mucin, DNA, Gleason 

score. 
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Introduction: 

Globally, prostate diseases are a major cause of 

morbidity and mortality in men. (1) Prostate 

cancer remains the second most frequent type 

of cancer among men globally (2), with 1.5 

million new cases and 400,000 annual deaths in 

2022, as reported by the latest global cancer 

statistics. (3) In many sub-Saharan African 

countries, prostate cancer represents a major 

health burden among men, with African 

American men showing significantly higher 

incidence and mortality rates compared to men 

of other ethnicities, particularly among younger 

age groups. (4) 

Prostate cancer is the most common 

malignancy in Sudanese men and has an 

increasing incidence among the younger 

population. (5) Benign Prostatic Hyperplasia 

(BPH) is the most prevalent prostatic condition 

and typically poses a diagnostic dilemma due to 

its histological similarity with well-

differentiated adenocarcinoma, (6,7) which 

could lead to misdiagnosis and negatively 

impact treatment options and prognostic 

evaluation.  (8) 

Even though numerous studies have described 

the histopathological features of prostatic 

adenocarcinoma (PCa) and BPH, very few 

attempts have been made, particularly in low-

resource settings like Sudan, on the application 

of histochemical techniques for differentiation. 

Most available information is from developed 

countries, where advanced 

immunohistochemical and molecular facilities 

are readily provided. (9) Such techniques are, 

however, not available or unaffordable for 

utilization in the majority of pathology 

laboratories in most of the African region. (10) 

It is important to address this gap towards 

improving diagnostic accuracy, guiding 

appropriate management, and making the best 

use of available resources in such settings. 

The expression of neutral and acidic mucins 

was found to show differences between nodular 

hyperplasia and adenocarcinoma, according to 

previous histochemical analyses. (11) This 

suggests that special stains similar to Periodic 

Acid Schiff (PAS) and Alcian blue may provide 

diagnostic support in situations where 

immunohistochemistry is limited.  

This study aims to evaluate the diagnostic 

utility of histochemical demonstration, 

specifically mucin and Deoxyribonucleic Acid 

(DNA) staining, in distinguishing between 

benign and malignant prostatic lesions and to 

assess the potential of these markers in 

providing prognostic information. (8) 
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Materials and Methods: 

Study Design and Area: 

This is an analytical, cross-sectional study of 

prostatic lesions collected from the 

histopathology lab of Omdurman Teaching 

Hospital, a major public hospital in Omdurman, 

Sudan, serving as a key healthcare facility.  

Sample Design: 

The sample size included all archival paraffin-

embedded tissue blocks of prostate gland 

lesions available at the study site during the 

study period.  Samples were included from the 

stored Formalin -Fixed Paraffin -Embedded 

prostate tissue blocks from the Histopathology 

Lab of Omdurman Teaching Hospital.  They 

included specimens with a definite 

histopathological diagnosis of either BPH or 

PCa. Those with insufficient tissue, which 

precludes reliable staining, and cases lacking 

essential clinicopathological details were 

excluded. 

Data Collection Methods and Tools: 

Data was collected using a data collection form 

that covered histopathological diagnosis, type 

of lesion, patient age, and Gleason score (for 

malignant cases). 

paraffin-embedded tissue blocks were 

sectioned using a rotary microtome (Leica Ltd). 

With thickness adjusted to 5μm.  

Three sections were prepared from each sample 

and dewaxed in xylene for four minutes, and 

hydrated through gradual concentrations of 

ethyl alcohol: 100%, 90%,70% taking two 

minutes in each concentration and then applied 

to distilled water for two minutes. 

PAS and Alcian blue technique (2.5 pH) were 

applied to demonstrate neutral and acidic 

mucin, respectively, and for DNA  

demonstration, the Feulgen reaction was 

applied. 

Alcian Blue staining technique for acid 

mucin: 

Hydrated sections were treated with Alcian 

blue solution at room temperature for 30 

minutes. Then they washed in running water for 

2 minutes and rinsed in distilled water. Then 

stained with nuclear-fast red for 5 minutes, 

washed in tap water, then Dehydrated, cleared, 

and cover-slipped.  (12,13) 

Periodic Acid Schiff reaction (PAS) for 

neutral mucin: 

Hydrated sections were treated with periodic 

acid for 5 minutes, rinsed in distilled water, and 

covered with Schiff’s reagent for 15 minutes, 

then washed in running tap water for 10 

minutes. Harris hematoxylin was used as a 

counterstain for 15 seconds and blued with 

ammoniacal water, then rinsed in tap water. 

The sections were then subjected to gradual 

concentration of alcohol for dehydration (70, 

80, 95, and 100%), followed by clearing in 

xylene, and a mounted coverslip was applied 
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with Distyrene Plasticizer Xylene (DPX) 

(14,15) 

Feulgen method for DNA: 

5 M Hcl was used for hydrolysis at room 

temperature for one hour. Then Schiff reagent 

was applied for 45 minutes. Washed in running 

water for five minutes, rinsed in distilled water, 

and stained with one per cent Light green for 

two minutes, washed, dehydrated and cleared 

with xylene, and a coverslip was applied with 

DPX. (13,16) 

Ethical consideration: 

Ethical approval was granted by the Scientific 

Research Committee of Al-Neelain University, 

Medical Laboratory Sciences Faculty. 

Permission for using the archived, anonymized 

histopathology samples and associated clinical 

information was obtained from the 

Histopathology laboratory of Omdurman 

Teaching Hospital. The Committee waived 

informed consent in compliance with 

institutional and national guidelines for 

research using archived specimens because 

there was no direct patient contact and no 

identifiable personal information. 

Results: 

A total of 109 samples of prostatic lesion 

biopsies prepared as paraffin-embedded blocks 

were enrolled in this study. Fifty-three (48.7%) 

were diagnosed with BPH, and 56 (51.3%) 

were PCas. 

Using the Gleason scoring, among the 56 

samples diagnosed with prostatic 

adenocarcinoma, 24 (42.9%) were high-grade, 

22 (39.3 %) moderate, and 10 (17.9%) were 

low-grade.  

Histochemical demonstration of mucin showed 

acid mucin in 22 samples (20.2 %) and neutral 

mucin expressed in 55 samples (50.5 %), 17 

samples (15.6 %) were positive for both acid 

and neutral mucin, and 15 (13.8 %) revealed 

absence of mucin expression. 

DNA staining intensity for the 109 samples 

showed a weak reaction in 14 (12.8%), a 

moderate reaction in 48 (44.0%), and a strong 

reaction in 47 (43.1%).  

All samples of benign hyperplasia were 

positive for neutral mucin with complete 

absence of acidic mucin expression, whereas 

the PCa group were positive for acidic mucin in 

22 samples (39.2%) and neutral mucin in two 

samples (3.5 %),17 samples (30.3%) revealed 

positive expression for both types of mucins, 

and 15 samples (13.8%) were negative for 

mucin expression (Figure 1 and 2). Regarding 

the staining intensity of DNA. The group of 

benign prostatic  hyperplasia showed weak 

intensity of DNA expression by Feulgen 
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The difference between BPH and PCa is significant at (p < 0.001) (Chi-square test). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

reaction in 11samples (10.09%), moderate in 

42 samples (38.53%), no samples showed 

strong expression, while the PCa group 

revealed weak expression in 3 (2.75%), 

moderate in 6 samples (5.50%) and strong 

intensity reaction in 47 samples (43.11%) 

(Figure 3 and 4). 

 

 

 

Table 2. DNA Staining Intensity by Feulgen Reaction. 

Diagnosis Weak 

(+) 

Moderate 

(++) 

Strong 

(+++) 

Total 

BPH (n = 

53) 

11 

(20.8%) 

42 (79.2%) 0 (0.0%) 53 

PCa (n = 

56) 

3 (5.4%) 6 (10.7%) 47 

(83.9%) 

56 

Total 14 

(12.8%) 

48 (44.0%) 47 

(43.1%) 

109 

Table 1: Distribution of Mucin Staining Pattern by Histochemical Methods  

Diagnosis Neutral mucin only Acidic mucin only Both types Negative Total 

BPH (n = 53) 53 (100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 53 

PCa (n = 56) 2 (3.5%) 22 (39.2%) 17 (30.3%) 15 (26.8%) 56 

Total 55 (50.5%) 22 (20.2%) 17 (15.6%) 15 (13.8%) 109 

Figure 1: Positive Alcian Blue staining in prostate 

cancer 

 

Figure 3: DNA staining in moderate grade (PCa).  

Figure 2: Positive PAS for neutral mucin in BPH 

 

 

Figure 4: DNA staining in high-grade (PCa).   
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Discussion: 

PCas exhibit a wide spectrum of appearances, 

ranging from anaplastic tumors to highly 

differentiated neoplasms that are distinguished 

from non-neoplastic glands with great 

difficulty due to their reliance on 

histomorphological appearance(18) 

This study examined the mucin expression 

patterns and DNA staining intensity to compare 

between benign and malignant prostatic 

lesions, and to investigate the association 

between these markers and Gleason grading in 

adenocarcinomas. 

The study finding demonstrates a significant 

difference in mucin expression within the type 

of lesions, with a complete absence of acid 

mucin among the prostatic hyperplasia group; 

the tendency towards the acidic type of mucin 

in malignant tissue proves the existing precepts 

that the mucin composition alteration indicates 

malignancy (8, 19, 20).  

Acidic mucins, either sialomucins or 

sulfomucins, could be involved in the adhesion, 

invasion, or immune escape of tumor cells, 

potentially conferring aggressive tumor 

behavior (21). While neutral mucin is prevalent 

in benign lesions, supporting its role in mucin 

characterization as a method for malignancy 

assessment beyond conventional morphology. 

The observation that there is a strong 

correlation between mucin subtype and 

Gleason grade in our population is in 

accordance with the finding that particular 

patterns of mucin expression are associated 

with the degree of tumor differentiation and 

aggressiveness, and underlines its potential use 

as a biomarker for both diagnosis and prognosis 

(22).  

The Feulgen technique used for histochemical 

demonstration of DNA, characterized by its 

usefulness in archival formalin-fixed paraffin-

embedded sections, giving a permanent result 

suitable for semiquantitative evaluation of 

DNA (23). 

In our study, DNA intensity showed a 

significant relation with the type of prostatic 

lesion and with the Gleason score among the 

adenocarcinoma group. This finding supports 

the hypothesis that malignant cells typically 

exhibit increased DNA content due to genomic 

instability, such as aneuploidy or polyploidy, 

which is a hallmark of cancer. (24, 25)) And 

that is supported in previous studies that 

similarly reported that higher Feulgen 

reactivity correlates with more aggressive 

tumor behavior and higher histological grade.  

(23) 

Taking all these factors into consideration, the 

changes in the expression of mucin and the 

intensity of DNA staining suggest the 

biological aggressiveness of PCa in the current 

study. This is also reflected in the 

clinicopathological features of the patients. 
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The prevalence of prostate cancer increases 

with age, with the highest rates being among 

men over 70 years of age. In Sudan, cancer 

patients come to hospitals at advanced stages of 

disease. (17) This may be attributed to the 

limited availability of specialized oncology and 

pathology services in rural regions, leading 

patients to seek care only at major referral 

centers in Khartoum, such as Omdurman 

Teaching Hospital. In the current study, there 

was a high proportion (42%) of 

adenocarcinomas that were initially presented 

as high grade, confirming that there is a high 

rate of late diagnosis in this setting.  

Our findings confirm the value of the 

histochemical staining technique of mucin and 

DNA for differential diagnosis between 

prostatic hyperplasia and PCa, and that it may 

add value to the diagnosis. 

Conclusions: 

The present study confirms the utility of 

histochemical mucin staining and intensity of 

DNA staining as a tool for low-cost settings to 

differentiate between benign and malignant 

prostatic lesions, providing diagnostic and 

prognostic information about prostatic lesions. 

Study Limitations: 

The sample size was relatively small and 

restricted to a single institution, which may 

limit the generalizability of the findings. 

Conflict of Interest: 

The authors declare that they have no conflict 

of interest.  

Funding: 

This research received no external funding. 

Acknowledgments: 

The authors acknowledge the staff at 

Omdurman Teaching Hospital-Histopathology 

lab and the Faculty of Medical Laboratory 

Sciences, Al-Neelain University, for their 

assistance and technical support during this 

study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Differentiating Benign and Malignant Prostatic Lesions                                      Abdelwahab. Ali, Ashwag Mukhtar  

 

SUDAN JOURNAL OF HEALTH SCIENCES                 208                                                           SEP - DEC 2025:3(3) 

References: 

1. Seraphin TP, Joko-Fru WY, Kamaté B, 

Chokunonga E, Wabinga H, Somdyala NIM, et 

al. Rising prostate cancer incidence in sub-

Saharan Africa: a trend analysis of data from 

the African Cancer Registry Network. Cancer 

Epidemiol Biomarkers Prev. 2021 

Jan;30(1):158–65. 

   https://doi.org/10.1158/1055-9965.EPI-20-

1005  

 

2. Sung H, Ferlay J, Siegel RL, Laversanne M, 

Soerjomataram I, Jemal A, et al. Global cancer 

statistics 2020: GLOBOCAN estimates of 

incidence and mortality worldwide for 36 

cancers in 185 countries. CA Cancer J Clin. 

2021 May;71(3):209–49. 

   https://doi.org/10.3322/caac.21660  

 

3. International Agency for Research on 

Cancer. GLOBOCAN 2022: prostate cancer 

fact sheet [Internet]. Lyon: IARC; [cited 2025]. 

Available from: 

https://gco.iarc.who.int/media/globocan/factsh

eets/cancers/27-prostate-fact-sheet.pdf  

 

4. Leung DKW, Wong CHM, Ko ICH, Siu 

BWH, Liu AQY, Meng HYH, et al. Global 

trends in the incidence, mortality, and risk-

attributable deaths for prostate, bladder, and 

kidney cancers: a systematic analysis from the 

Global Burden of Disease Study 2021. Eur Urol 

Oncol. 2025;8(6):1533–43. 

   https://doi.org/10.1016/j.euo.2025.05.007  

 

5. Taha SM, Weng HY, Mohammed MEI, 

Osman YM, N’dri N, Mohammed SI, et al. 

Prostate cancer clinical characteristics and 

outcomes in Central Sudan. 

Ecancermedicalscience. 2020;14:1116. 

   https://doi.org/10.3332/ecancer.2020.1116  

 

 

6. Humphrey PA. Diagnosis of 

adenocarcinoma in prostate needle biopsy 

tissue. J Clin Pathol. 2007 Jan;60(1):35–42. 

   https://doi.org/10.1136/jcp.2005.036442  

 

7. Srigley JR. Benign mimickers of prostatic 

adenocarcinoma. Mod Pathol. 2004 

Mar;17(3):328–48. 

   https://doi.org/10.1038/modpathol.3800055  

 

8. Agrawal D, Zawar M, Deshpande N, 

Sudhamani S. The study of mucin 

histochemistry in benign and malignant lesions 

of prostate. J Sci Soc. 2014;41(1):38–40. 

https://doi.org/10.4103/0974-5009.126751  

 

9. Signoretti S, Waltregny D, Dilks J, Isaac B, 

Lin D, Garraway L, et al. p63 is a prostate basal 

cell marker and is required for prostate 

development. Am J Pathol. 2000 

Dec;157(6):1769–75. 

https://doi.org/10.1016/S0002-

9440(10)64814-6  

10. Sweety RA, Sultana S, Islam MA, Dewan 

MRK, Zhumur M, Jeba R, et al. Evaluation of 

mucin histochemistry in relation to p63 

expression in nodular hyperplasia and 

adenocarcinoma of prostate. Int J Res Med Sci. 

2023;11(3):824–8.  

https://doi.org/10.18203/2320-

6012.ijrms20230302   

11. Role of Neutral Mucin in Differentiating 

Prostatic Adenocarcinoma from Nodular 

Hyperplasia of Prostate. TAJ J Teach Assoc. 

2024;37(2). 

    https://doi.org/10.70818/taj.v37i2.0141  

 

12. Sheehan DC, Hrapchak BB. Theory and 

practice of histotechnology. Columbus (OH): 

Battelle; 1980. p. 189–190. 

 

13. Bancroft JD, Gamble M. Theory and 

practice of histological techniques. 6th ed. 

https://doi.org/10.1158/1055-9965.EPI-20-1005
https://doi.org/10.1158/1055-9965.EPI-20-1005
https://doi.org/10.3322/caac.21660
https://gco.iarc.who.int/media/globocan/factsheets/cancers/27-prostate-fact-sheet.pdf
https://gco.iarc.who.int/media/globocan/factsheets/cancers/27-prostate-fact-sheet.pdf
https://doi.org/10.1016/j.euo.2025.05.007
https://doi.org/10.3332/ecancer.2020.1116
https://doi.org/10.1136/jcp.2005.036442
https://doi.org/10.1038/modpathol.3800055
https://doi.org/10.4103/0974-5009.126751
https://doi.org/10.1016/S0002-9440(10)64814-6
https://doi.org/10.1016/S0002-9440(10)64814-6
https://doi.org/10.18203/2320-6012.ijrms20230302
https://doi.org/10.18203/2320-6012.ijrms20230302
https://doi.org/10.70818/taj.v37i2.0141


Differentiating Benign and Malignant Prostatic Lesions                                      Abdelwahab. Ali, Ashwag Mukhtar  

 

SUDAN JOURNAL OF HEALTH SCIENCES                 209                                                           SEP - DEC 2025:3(3) 

London: Churchill Livingstone; 2008. p. 163–

167. 

 

14. Giri D. Basic histopathological techniques. 

2nd ed. New Delhi: Jaypee Brothers Medical 

Publishers; 2015. p. 120–124. 

 

15. McManus JFA. Histological and 

histochemical uses of periodic acid. Stain 

Technol. 1948;23(3):99–108. 

 

16. Chieco P, Derenzini M. The Feulgen 

reaction 75 years on. Histochem Cell Biol. 

1999;111(5):345–58. 

    https://doi.org/10.1007/s0041800503765  

 

17. Elamin A, Ibrahim ME, Abuidris D, 

Mohamed KEH, Mohammed SI. Part I: cancer 

in Sudan—burden, distribution, and trends 

breast, gynecological, and prostate cancers. 

Cancer Med. 2015 Mar;4(3):447–56. 

    https://doi.org/10.1002/cam4.387.  

18. Sweety RA, Sultana S, Islam MA, Dewan 

MRK, Zhumur M, Jeba R, et al. Evaluation of 

mucin histochemistry in relation to p63 

expression in nodular hyperplasia and 

adenocarcinoma of prostate. Int J Res Med Sci. 

2023;11(3):824–8. 

    https://doi.org/10.18203/2320-

6012.ijrms20230338  

 

19. Srikanth K, Raj VD, Suresh N, Vimal M. 

Mucin profile of prostatic lesions: a 

histochemical approach for differentiation in a 

tertiary care center. SJH Res. 2025. 

 https://sjhresearchafrica.org/index.php/public-

html/article/view/1713https://doi.org/10.51168

/sjhrafrica.v6i3.1713  

 

20. Mathur SK, Gupta S, Marwah N, Narula A, 

Singh S, Arora B. Significance of mucin stain 

in differentiating benign and malignant lesions 

of prostate. Indian J Pathol Microbiol. 2003 

Oct;46(4):593–5 

 

21. Chen C, Patel A, Demirkhanyan L, Gondi 

CS. The role of mucins in cancer and cancer 

progression: a comprehensive review. Curr 

Issues Mol Biol. 2025 May 29;47(6):406. 

    https://doi.org/10.3390/cimb47060406 

 

22. Zedan EM, Morgan NM, El-Sawi R, 

Youssef SA. The study of mucin stains and 

cyclin D1 expression in benign prostatic 

hyperplasia and prostatic adenocarcinoma 

(immunohistochemical study). Benha Med J. 

2024.https://doi.org/10.21608/bmfj.2024.2673

38.2011 

 

23. Salih MM, Elsheikh LA. Feulgen reaction 

as a marker for identifying prostatic 

hyperplasia and prostate cancer. Andrology. 

2019;8(201):2167-0250.2110. 

https://doi.org/10.24015/2167-0250.10.201   

 

24. Van Neste L, Herman JG, Otto G, Bigley 

JW, Epstein JI, Van Criekinge W. The 

epigenetic promise for prostate cancer 

diagnosis. Prostate. 2012 Aug;72(11):1248–61. 

    https://doi.org/10.1002/pros.22459  

 

25. Dumke C, Gemoll T, Oberländer M, 

Freitag-Wolf S, Thorns C, Glaessgen A, et al. 

SATB1, genomic instability and Gleason 

grading constitute a novel risk score for 

prostate cancer. (Journal details and year not 

specified in source text; please complete when 

available.) 

 

 

  

https://doi.org/10.1007/s0041800503765
https://doi.org/10.1002/cam4.387
https://doi.org/10.18203/2320-6012.ijrms20230338
https://doi.org/10.18203/2320-6012.ijrms20230338
https://sjhresearchafrica.org/index.php/public-html/article/view/1713https:/doi.org/10.51168/sjhrafrica.v6i3.1713
https://sjhresearchafrica.org/index.php/public-html/article/view/1713https:/doi.org/10.51168/sjhrafrica.v6i3.1713
https://sjhresearchafrica.org/index.php/public-html/article/view/1713https:/doi.org/10.51168/sjhrafrica.v6i3.1713
https://doi.org/10.24015/2167-0250.10.201
https://doi.org/10.1002/pros.22459


 

SUDAN JOURNAL OF HEALTH SCIENCES                 210                                                           SEP - DEC 2025:3(3) 

Visit and explore our new website layout at 

https://sjhs.fajr.edu.sd 

            sjhs@fajr.edu.sd 

The old website https://www.sjhsfajr.org  

will remain functioning for a while. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://sjhs.fajr.edu.sd/
mailto:sjhs@fajr.edu.sd
https://www.sjhsfajr.org/


 

SUDAN JOURNAL OF HEALTH SCIENCES                i                                                         SEP - DEC 2025:3(3) 

SUDAN JOURNAL OF HEALTH SCIENCES 

PUBLISHED BY ALFAJR COLLEGE FOR SCIENCE & TECHNOLOGY 

   

SJHS 


