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Abstract

Introduction: Myriad roles of mucins in normal tissues have been well documented, including lubrication of the epithelial surfaces; protection
from physical damage; facilitation in cell-cell signaling and suppression of inflammatory activity. Pathological expression of mucins has been noted
in cancer development and progression. This study sought to identify and quantify the types of mucins produced during various histological grades
of colon cancer and to assess the diagnostic significance. Methods: Formalin fixed, paraffin-embedded tissue blocks, comprising three (3) normal
colon and twenty-two (22) colon cancer tissues, were retrieved from the archives of the histopathology department of the Komfo Anokye Teaching
Hospital. They were stained with Haematoxylin and eosin (H&E) for diagnosis and grading of tumours. Tissues were pre-digested with diastase and
stained with Alcian blue (pH 2.5)/Periodic Acid Schiff to characterize the mucin variants present. Results: Our findings indicated that normal
colonic tissues expressed exceptionally high amount of acid mucin and low amount of neutral mucin. However, there was a general decrease in
mucin expression in colon cancers compared to normal colon tissues. Additional findings suggested that as cancer progresses from low grade to
high grade of adenocarcinoma of the colon, there was generally a considerable decrease in the acid mucin production and an increase in the
neutral mucin expression. In contrast, a sizeable subpopulation of high-grade adenocarcinomas of colon showed a rather opposite mucin
expression pattern- increase in acid mucin and a decrease in neutral mucin. Conclusion: As colonic cancer progresses, there are corresponding

changes in the mucin types and content such that there are decrease in acid mucin and increase in neutral mucin expressions.
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Introduction

Initiation and development of cancers, particularly colonic cancer is
a very complex one with several variables playing crucial roles in
sustaining the viability of the cancer. Even though initiations of
colonic cancers are well attributed to genetic imbalances, which
could be inherited [1] or somatic origin [2], other environmental
under-linings have been proposed, including alcohol consumption
[3, 4], tobacco use [5, 6], obesity [7, 8], radiations [9, 10] and
physical inactivity [11]. It could be conjectured that some of latter
variables target or influence genetic imbalances, but others are not
well known or understood. It is well believed that the development
of colonic cancers is influenced by several factors that are involved
in molecular pathways leading to uncontrollable growth and
metastasis of the cancer [12]. Development and progression of
colonic cancers are well associated with abnormal expression of
mucins. In the normal colon tissues, mucins function as a lubricant
on surfaces to protect them from friction, erosion, harmful
substances, unfavourable conditions and pathogens [13, 14].
Mucins of the normal colorectal tissues are predominately sulphated
and carboxylated (acidic) mucins with scanty neutral mucins [15].
Sulphated mucosubstances have been found in the deeper mucosa
of the colonic tissue, a location believed for cell divisions; this may
suggest an important role of sulfated mucins in the control of cell
division and that a decline in the production of the sulphated
mucosubstances would predispose the colonic mucosa to
malignancy [15]. Even though an increase production of mucin in
adenocarcinomas of the colon has been reported some colonic
cancers have been demonstrated to secret less mucins as compared
to the normal [15]. No correlation has been established between the
trend of secretion of the mucins and the degree of differentiation of
the tumours. However, it is reported an overall reduction in the
production of mucus in the colonic tissue while the proportion of
neutral mucins was increased [16]. This study therefore aimed to
identify mucins types and amount and correlate it with different
grades of adenocarcinomas of colon.

Methods

mucins in each stained section was confirmed by measuring the
intensity of deep blue (Alcian blue-acid mucins) and magenta
(DPAS-neutral mucins) using Image ] software, verse 1.48s
(Rasband W, National Institutes of Health, USA) and Adobe
Photoshop 2015.

Results

Twenty-five formalin fixed, paraffin embedded (FFPE) colonic
tissues, which were retrieved from the archives of Histopathology
Unit of the Department of Pathology, Komfo Anokye Teaching
Hospital, Kumasi-Ghana, following ethical approval from both the
hospital and Committee for Human Research, Publication and Ethics
of School of Medical Sciences, KNUST. Two tissue sections at 3um
from each FFPE tissue block were produced. One batch of the
sectioned FFPE colonic tissues was stained with Haematoxylin and
Eosin (H&E) and were histologically diagnosed and graded by three
independent pathologists. The second batch of the sectioned FFPE
colonic tissues was dually stained with Alcian blue, pH 2.5 to
demonstrate acidic mucins (sulfated and carboxylated) and Periodic
Acid Schiff (PAS) to demonstrate glycogens and mucins. In order to
exclusively demonstrate neutral mucins, dewaxed colonic sections
were pretreated with diastase for 60 minutes to digest at existing
glycogen in the tissue [17]. Positive and negative controls were run
for quality assurance. The diastase-pretreated, Alcian Blue (pH 2.5)-
Periodic Acid Schiff - AB (2.5)/DPAS technique, was used to
differentiate acidic mucins and neutral mucins [18]. The amounts of
mucins in the AB (pH 2.5)/D-PAS stained colonic sections were
semi-quantified by 3 independent qualified biomedical scientists and
graded as negative (-), low (+), mild (++), moderate (+++) and
marked (++++) based on the intensity and the proportion of
tissue/cells expressing mucins. Further, quantified acid and neutral

Haematoxylin and eosin (H&E) based diagnosis and grading
colonic cancer tissues: Normal colon and colonic cancer tissues
were H&E stained to confirm the diagnosis and grades of the
tumours. Five of the 22 colonic cancers were diagnosed and graded
as Grade 2, Well Differentiated Adenocarcinoma (G2WDA); 13 of the
22 colonic cancers as Grade 2, Moderately Differentiated
Adenocarcinoma (G2MDA); 3 of the 22 colonic cancers as Grade 2
Adenocarcinomas (G2A) and only 1 case as Grade 3 Poorly
Differentiated Adenocarcinoma (G3PDA) (Figure 1). The colonic
cancers were broadly graded as low-grade adenocarcinomas
(G2WDA) and high-grade adenocarcinomas (G2MDA, G2A, and
G3PDA).

Differential mucins staining with Alcian Blue/Diastase-
Periodic Acid Schiff staining: in order to correlate the mucin
content/amount and types with different grading of colonic cancers,
we performed Alcian blue (pH 2.5)/Diastase-Periodic Acid Schiff
staining. The sensitivity and specificity of the staining mucin staining
were tested using appropriate controls. This was also part of the
quality assurance procedure. Quality controls for mucin
demonstration For a positive control, normal colon stained blue for
acid mucins using Alcian Blue (pH 2.5), Diastase Periodic Acid Schiff
(DPAS) staining on prostate, and DPAS/Alcian blue (pH 2.5) staining
on colon (results not shown). For a negative control, liver tissues
stained negative for Alcian Blue (pH 2.5), indicating absence of acid
mucins, but stained magenta in DPAS, indicating the presence of
neutral mucins. Further, an omission of the periodic acid oxidation
step in DPAS resulted in a negative staining on human liver (results
not shown).

Mucin content/amount and types in colonic cancers: in this
study, the total mucin content in 22 colonic cancer cases was semi-
quantified after double Alcian blue (pH 2.5) and Diastase-PAS
staining. The mucin types (acid and neutral mucins) were also
determined in each case. Both mucin content and types were
estimated and correlated with tumour grade (Figure 2, Table 1).
The average % acid mucin and neutral mucin contents of the 3
normal colon tissue was 36.7% and 1.9%, respectively (Table
1, Table 2), indicating that acid mucin is more predominate in
human colon tissue than neutral mucin. The % acid mucin in the
WDAs, which ranged from 21.2% to 41.9%, had an average % acid
mucin of 41.9%. However, the % neutral mucin in the same tumour
cases had a range from 4.0% to 10.4%, with an average % neutral
mucin of 5.8%. Thirteen (13) colonic cancer cases which were
dually stained with Alcian blue (pH 2.5) and D-PAS, showed some
interesting findings. Unlike the normal colon and WDAs that showed
a unique pattern of a predominately acid mucin, MDA showed a
mixed pattern. Nine MDA cases showed an increase in acid mucin
content against decrease neutral mucin content; 4 MDA cases
revealed rather decrease acid mucin content with an increase
neutral mucin content whereas 3 MDA cases showed no neutral
mucin content (Figure 2, Table 1). The 3 cases of adenocarcinomas
showed a mixed pattern similar to that of MDA (Table 2). In
summary, the general trend of mucin expression in colonic cancer
tissue indicated an increase in acid mucin and reduced neutral
mucin contents.
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Discussion

Conclusion

Mucins are well documented in playing essential physiological roles,
including protecting epithelial surfaces against damages [13],
suppressing inflammatory activity by preventing direct exposure of
commensal bacteria to the epithelium [14] and the transmitting
information from the external environment to the epithelium
referred to as cell signaling [19]. In pathological conditions such as
cancers, the functions of mucins have been highly noted elsewhere
but limited information for those in African or Ghanaian population.
This study therefore sought to assess mucins types and content in
different grades of human colonic cancers wusing mucin
histochemical analysis in Kumasi population. In order to achieve
this, 25 colonic tissues consisting of 3 normal and 22 different
graded colonic cancers, were histocemically stained to assess the
types of mucins. Following histochemical staining (diastase-AB/PAS),
it was observed that the normal colonic tissue demonstrated
predominance of acidic mucin (80%) and scanty neutral mucin
(20%), confirming what have been made already [15, 20] that
acidic mucin is copiously present in the colon for the primary role of
viscosity. A striking pattern, contrary to the amount of mucins in
normal colon, was observed in low graded well-differentiated
adenocarcinomas of the colon- a decrease in acid mucin (73.7%)
and an increase in the neutral mucin expression (26.3%) as
compared to the normal colon mucin variant expression (Table 2).
Similarly, a further decrease in acid mucin (70.5%) and increase in
neutral mucin production (29.5%) was observed in the moderately
differentiated adenocarcinomas of the colon. The poorly
differentiated adenocarcinoma and others designated as mucinous
adenocarcinomas and adenocarcinomas of colon also respectively
demonstrated much decrease in acid mucin production (66.7% and
53.8%) and a concomitant increase in neutral mucin production
(33.3% and 46.2%). The findings from this study revealed that,
there is a general decline in the acid mucin expression as the
adenocarcinomas of the colon progressed from low-grade cancer
such as well-differentiated adenocarcinoma through moderately
differentiated adenocarcinoma to the high grade poorly
differentiated adenocarcinoma whilst there was an corresponding
upsurge in the expression of neutral mucins. This trend of increased
expression of neutral mucin is consistent with the findings of
Sugihara and Jass (1986) who indicated that qualitative changes
occur in mucin expression in colorectal cancer cases and is
associated with an increased neutral mucin production. Acid mucins
have been suggested to inhibit tumour growth [21] as well as
involved in the control of cell division-it is therefore tempting to
suggest that a down regulation of acid mucin expression may then
drive or predispose the colonic tissue to malignancy. Nonetheless,
we also observed that a subgroup of moderately differentiated
adenocarcinomas had rather an increase in acid mucins coupled
with decrease neutral mucins. A similar finding has been reported in
a chemically induced colonic cancer in rat, which showed a
reduction in concentration of neutral mucins and sulfomucins and an
increase in non-sulfated mucins [22]. Additionally, a similar pattern
has been demonstrated in early gastric cancer [23]. Thus to the
best of our knowledge, an increased acid mucins and reduced
neutral mucin expression pattern has not demonstrated in colonic
cancers in humans. Indeed, it will be of great importance to work
on larger sample size of colonic cancer cases to determine whether
an increased acid mucin-reduced neutral mucin expression is a
predominate phenomenon among Ghanaian population, and also
determine the biological significance of this finding in relation to
prognosis and cancer aggressiveness.

The pattern of mucin expression in the various grades of the colonic
cancer generally indicated a remarkable decrease in acid mucin and
an increase in neutral mucin expression as the cancers progress,
however, a small subpopulation of the high-grade colonic cancers
showed an opposing expression pattern. This novel finding does
indicate the molecular heterogeneity of colonic cancers, which may
also influence treatment regimens for colonic cancers.

What is known about this topic

e Normal colorectal tissues produce or secrete copious
amount of acidic (sulphated and carboxylated) mucins but
scanty neutral mucins;

e Tt is widely postulated that sulfated mucins play a role in
the control of cell division;

e  Production of mucins, in general, is remarkably reduced in
adenocarcinomas of colorectal tissues.

What this study adds

e We, in this study, demonstrated that there is a
progressive decline of acid mucin from low-graded to high
graded adenocarcinoma of colorectal with corresponding
increase in neutral mucins;

e We also demonstrated for the first time that a subgroup
of moderately differentiated adenocarcinomas had rather
an increase in acid mucins coupled with decrease neutral
mucins in humans.
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Tables and figures

Table 1: Expression patterns of mucins in colonic tissues

Table 2: RElative mucin variant expression of the colonic tissues
Figure 1: Photomicrographs of colon tissues stained with (H&E):
(a) Grade 2, well-differentiated adenocarcinoma (b) Grade 2,
moderate differentiated adenocarcinoma (c) Mucinous
adenocarcinoma (d) Grade 3 poorly differentiated adenocarcinoma;
all images scale = 10 pm

Figure 2: Photomicrographs of adenocarcinoma of the colon after
staining with DPAS/Alcian Blue (pH 2.5): (a) Grade 2, well-
differentiated adenocarcinoma (b) Grade 2, moderate differentiated
adenocarcinoma (c) Mucinous adenocarcinoma (d) Grade 3 poorly
differentiated adenocarcinoma; Alcian blue stains blue and D-PAS
stains magenta; all images scale = 10 pm

References

1. Church JM. Polymerase proofreading-associated polyposis: a
new, dominantly inherited syndrome of hereditary colorectal
cancer predisposition. Dis Colon Rectum. 2014; 57(3): 396-
397. PubMed |Google Scholar

2. Zauber P, Bishop T, Taylor C, Sabbath-Solitare M, Marotta S,
Tomlinson I. Colorectal tumors from APC*I1307K carriers
principally harbor somatic APC mutations outside the A8 tract.
PLOS One. 2014; 9(1): e84498. PubMed | Google Scholar

3. GaiS, LiY, Ding Y, Chen K, Jin M. Alcohol drinking and the risk
of colorectal cancer death: a meta-analysis. Eur J Cancer Prev.
2014; 23(6): 532-539. PubMed | Google Scholar

4. Kantor ED, Hutter CM, Minnier J, Berndt SI, Brenner H, Caan
BJ, Campbell PT, Carlson CS, Casey G, Chan AT et al. Gene-
environment interaction involving recently identified colorectal
cancer susceptibility Loci. Cancer Epidemiol Biomarkers Prev.
2014; 23(9):1824-1833. PubMed | Google Scholar

5. Cross AJ, Boca S, Freedman ND, Caporaso NE, Huang WY,
Sinha R, Sampson JIN, Moore SC. Metabolites of tobacco
smoking and colorectal cancer risk. Carcinogenesis. 2014;
35(7): 1516-1522. PubMed |Google Scholar

6. Hou R, Liu Y, Feng Y, Sun L, Shu Z, Zhao ], Yang S.
Association of single nucleotide polymorphisms of ERCC1 and
XPF with colorectal cancer risk and interaction with tobacco
use. Gene. 2014; 548(1): 1-5.PubMed | Google Scholar

7. Aleksandrova K, Nimptsch K, Pischon T. Influence of Obesity
and Related Metabolic Alterations on Colorectal Cancer Risk.
Curr Nutr Rep. 2013; 2(1): 1-9. PubMed | Google Scholar

8. Bardou M, Barkun AN, Martel M. Obesity and colorectal cancer.
Gut. 2013; 62(6):933-947. PubMed |Google Scholar

9. Sheridan J, Tosetto M, Gorman ], O'Donoghue D, Sheahan K,
Hyland J, Mulcahy H, Gibbons D, O'Sullivan J. Effects of
radiation on levels of DNA damage in normal non-adjacent
mucosa from colorectal cancer cases. J Gastrointest Cancer.
2013; 44(1): 41-45. PubMed | Google Scholar

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Semmens EO, Kopecky KJ, Grant E, Mathes RW, Nishi N,
Sugiyama H, Moriwaki H, Sakata R, Soda M, Kasagi F et al.
Relationship  between anthropometric factors, radiation
exposure, and colon cancer incidence in the Life Span Study
cohort of atomic bomb survivors. Cancer Causes Control. 2013;
24(1): 27-37. PubMed | Google Scholar

Morrison DS, Parr CL, Lam TH, Ueshima H, Kim HC, Jee SH,
Murakami Y, Giles G, Fang X, Barzi F et al. Behavioural and
metabolic risk factors for mortality from colon and rectum
cancer: analysis of data from the Asia-Pacific Cohort Studies
Collaboration. Asian Pac ] Cancer Prev. 2013; 14(2): 1083-
1087.PubMed | Google Scholar

Emmert-Streib F, de Matos Simoes R, Glazko G, McDade S,
Haibe-Kains B, Holzinger A, Dehmer M, Campbell F. Functional
and genetic analysis of the colon cancer network. BMC
Bioinformatics. 2014; 15 (Suppl 6): S6. PubMed | Google
Scholar

Rachagani S, Torres MP, Moniaux N, Batra SK. Current status
of mucins in the diagnosis and therapy of cancer. Biofactors.
2009; 35(6): 509-527. PubMed | Google Scholar

Kufe DW. Mucins in cancer: function, prognosis and therapy.
Nat Rev Cancer. 2009; 9(12): 874-885.PubMed | Google
Scholar

Subbuswamy SG. Mucosubstances in neoplasms of the human
colon and rectum. Gut. 1971; 12(3): 200-
207. PubMed | Google Scholar

Sugihara K, Jass JR. Colorectal goblet cell sialomucin
heterogeneity: its relation to malignant disease. J Clin Pathol.
1986; 39(10): 1088-1095. PubMed | Google Scholar

McManus MJ. Histological demonstration of mucin after
periodic acid. Nature. 1946; 158: 202. PubMed| Google
Scholar

Mowry RW. Alcian blue technics for the histochemical study of
acidic carbohydrates. J Histochem & Cytochem. 1956; 4(5):
403-407. PubMed | Google Scholar

Al Masri A, Gendler SJ. Mucl affects c-Src signaling in PyV MT-
induced mammary tumorigenesis. Oncogene. 2005; 24(38):
5799-5808. PubMed | Google Scholar

Croix JA, Carbonero F, Nava GM, Russell M, Greenberg E,
Gaskins HR. On the relationship between sialomucin and
sulfomucin expression and hydrogenotrophic microbes in the
human colonic mucosa. PLoS One. 2011;
6(9):e24447. PubMed | Google Scholar

Lippman M. A Proposed Role for Mucopolysaccharides in the
Initiation and Control of Cell Division. Trans NY Acad Sci. 1965;
27: 342-360. PubMed | Google Scholar

Zusman I, Zimber A, Nyska A. Role of morphological methods
in the analysis of chemically induced colon cancer in rats. Acta
Anat (Basel). 1991; 142(4): 351-356. PubMed | Google
Scholar

Turani H, Lurie B, Chaimoff C, Kessler E. The diagnostic
significance of sulfated acid mucin content in gastric intestinal
metaplasia with early gastric cancer. Am J Gastroenterol. 1986;
81(5): 343-345.PubMed | Google Scholar

Page number not for citation purposes 4


javascript:void(0)
javascript:void(0)
javascript:PopupFigure('FigId=1')
javascript:PopupFigure('FigId=2')
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Church%20JM%5bauthor%5d+AND++Polymerase+proofreading-associated+polyposis:+a+new+dominantly+inherited+syndrome+of+hereditary+colorectal+cancer+predisposition
http://scholar.google.com/scholar?hl=en&q=+Polymerase+proofreading-associated+polyposis:+a+new+dominantly+inherited+syndrome+of+hereditary+colorectal+cancer+predisposition
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Zauber%20P%5bauthor%5d+AND++Colorectal+tumors+from+APC*I1307K+carriers+principally+harbor+somatic+APC+mutations+outside+the+A8+tract
http://scholar.google.com/scholar?hl=en&q=+Colorectal+tumors+from+APC*I1307K+carriers+principally+harbor+somatic+APC+mutations+outside+the+A8+tract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Cai%20S%5bauthor%5d+AND++Alcohol+drinking+and+the+risk+of+colorectal+cancer+death:+a+meta-analysis
http://scholar.google.com/scholar?hl=en&q=+Alcohol+drinking+and+the+risk+of+colorectal+cancer+death:+a+meta-analysis
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Kantor%20ED%5bauthor%5d+AND++Gene-environment+interaction+involving+recently+identified+colorectal+cancer+susceptibility+Loci
http://scholar.google.com/scholar?hl=en&q=+Gene-environment+interaction+involving+recently+identified+colorectal+cancer+susceptibility+Loci
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Cross%20AJ%5bauthor%5d+AND++Metabolites+of+tobacco+smoking+and+colorectal+cancer+risk
http://scholar.google.com/scholar?hl=en&q=+Metabolites+of+tobacco+smoking+and+colorectal+cancer+risk
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Hou%20R%5bauthor%5d+AND++Association+of+single+nucleotide+polymorphisms+of+ERCC1+and+XPF+with+colorectal+cancer+risk+and+interaction+with+tobacco+use
http://scholar.google.com/scholar?hl=en&q=+Association+of+single+nucleotide+polymorphisms+of+ERCC1+and+XPF+with+colorectal+cancer+risk+and+interaction+with+tobacco+use
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Aleksandrova%20K%5bauthor%5d+AND++Influence+of+Obesity+and+Related+Metabolic+Alterations+on+Colorectal+Cancer+Risk
http://scholar.google.com/scholar?hl=en&q=+Influence+of+Obesity+and+Related+Metabolic+Alterations+on+Colorectal+Cancer+Risk
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Bardou%20M%5bauthor%5d+AND++Obesity+and+colorectal+cancer
http://scholar.google.com/scholar?hl=en&q=+Obesity+and+colorectal+cancer
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Sheridan%20J%5bauthor%5d+AND++Effects+of+radiation+on+levels+of+DNA+damage+in+normal+non-adjacent+mucosa+from+colorectal+cancer+cases
http://scholar.google.com/scholar?hl=en&q=+Effects+of+radiation+on+levels+of+DNA+damage+in+normal+non-adjacent+mucosa+from+colorectal+cancer+cases
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Semmens%20EO%5bauthor%5d+AND++Relationship+between+anthropometric+factors+radiation+exposure+and+colon+cancer+incidence+in+the+Life+Span+Study+cohort+of+atomic+bomb+survivors
http://scholar.google.com/scholar?hl=en&q=+Relationship+between+anthropometric+factors+radiation+exposure+and+colon+cancer+incidence+in+the+Life+Span+Study+cohort+of+atomic+bomb+survivors
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Morrison%20DS%5bauthor%5d+AND++Behavioural+and+metabolic+risk+factors+for+mortality+from+colon+and+rectum+cancer:+analysis+of+data+from+the+Asia-Pacific+Cohort+Studies+Collaboration
http://scholar.google.com/scholar?hl=en&q=+Behavioural+and+metabolic+risk+factors+for+mortality+from+colon+and+rectum+cancer:+analysis+of+data+from+the+Asia-Pacific+Cohort+Studies+Collaboration
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Emmert-Streib%20F%5bauthor%5d+AND++Functional+and+genetic+analysis+of+the+colon+cancer+network
http://scholar.google.com/scholar?hl=en&q=+Functional+and+genetic+analysis+of+the+colon+cancer+network
http://scholar.google.com/scholar?hl=en&q=+Functional+and+genetic+analysis+of+the+colon+cancer+network
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Rachagani%20S%5bauthor%5d+AND++Current+status+of+mucins+in+the+diagnosis+and+therapy+of+cancer
http://scholar.google.com/scholar?hl=en&q=+Current+status+of+mucins+in+the+diagnosis+and+therapy+of+cancer
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Kufe%20DW%5bauthor%5d+AND++Mucins+in+cancer:+function+prognosis+and+therapy
http://scholar.google.com/scholar?hl=en&q=+Mucins+in+cancer:+function+prognosis+and+therapy
http://scholar.google.com/scholar?hl=en&q=+Mucins+in+cancer:+function+prognosis+and+therapy
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Subbuswamy%20SG%5bauthor%5d+AND++Mucosubstances+in+neoplasms+of+the+human+colon+and+rectum
http://scholar.google.com/scholar?hl=en&q=+Mucosubstances+in+neoplasms+of+the+human+colon+and+rectum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Sugihara%20K%5bauthor%5d+AND++Colorectal+goblet+cell+sialomucin+heterogeneity:+its+relation+to+malignant+disease
http://scholar.google.com/scholar?hl=en&q=+Colorectal+goblet+cell+sialomucin+heterogeneity:+its+relation+to+malignant+disease
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=McManus%20MJ%5bauthor%5d+AND++Histological+demonstration+of+mucin+after+periodic+acid
http://scholar.google.com/scholar?hl=en&q=+Histological+demonstration+of+mucin+after+periodic+acid
http://scholar.google.com/scholar?hl=en&q=+Histological+demonstration+of+mucin+after+periodic+acid
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Mowry%20RW%5bauthor%5d+AND++Alcian+blue+technics+for+the+histochemical+study+of+acidic+carbohydrates
http://scholar.google.com/scholar?hl=en&q=+Alcian+blue+technics+for+the+histochemical+study+of+acidic+carbohydrates
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Al%20Masri%20A%5bauthor%5d+AND++Muc1+affects+c-Src+signaling+in+PyV+MT-induced+mammary+tumorigenesis
http://scholar.google.com/scholar?hl=en&q=+Muc1+affects+c-Src+signaling+in+PyV+MT-induced+mammary+tumorigenesis
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Croix%20JA%5bauthor%5d+AND++On+the+relationship+between+sialomucin+and+sulfomucin+expression+and+hydrogenotrophic+microbes+in+the+human+colonic+mucosa
http://scholar.google.com/scholar?hl=en&q=+On+the+relationship+between+sialomucin+and+sulfomucin+expression+and+hydrogenotrophic+microbes+in+the+human+colonic+mucosa
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Lippman%20M%5bauthor%5d+AND++A+Proposed+Role+for+Mucopolysaccharides+in+the+Initiation+and+Control+of+Cell+Division
http://scholar.google.com/scholar?hl=en&q=+A+Proposed+Role+for+Mucopolysaccharides+in+the+Initiation+and+Control+of+Cell+Division
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Zusman%20I%5bauthor%5d+AND++Role+of+morphological+methods+in+the+analysis+of+chemically+induced+colon+cancer+in+rats
http://scholar.google.com/scholar?hl=en&q=+Role+of+morphological+methods+in+the+analysis+of+chemically+induced+colon+cancer+in+rats
http://scholar.google.com/scholar?hl=en&q=+Role+of+morphological+methods+in+the+analysis+of+chemically+induced+colon+cancer+in+rats
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Turani%20H%5bauthor%5d+AND++The+diagnostic+significance+of+sulfated+acid+mucin+content+in+gastric+intestinal+metaplasia+with+early+gastric+cancer
http://scholar.google.com/scholar?hl=en&q=+The+diagnostic+significance+of+sulfated+acid+mucin+content+in+gastric+intestinal+metaplasia+with+early+gastric+cancer

Table 1: Expression patterns of mucins in colonic tissues

Histological Diagnosis Grade % AM % NM Intensity AM Intensity NM
Normal colon NA 43.6 3.9 +++ +
Normal colon NA 45.5 1.8 +++ +
Normal colon NA 21.0 0.1 ++ -
WDA 2 21.2 10.4 ++ +
WDA 2 48.0 5.4 +++ +
WDA 2 43.6 4.0 +++ +
WDA 2 46.6 5.2 +++ +
WDA 2 49.9 4.1 +++ +
MDA 2 11.4 27.2 + ++
MDA 2 42.4 6.1 ++++ +
MDA 2 39.7 7.8 +++ +
MDA 2 24.7 11.0 +++ +
MDA 2 5.2 6.3 + +
MDA 2 44.8 16.7 +++ +
MDA 2 3.9 5.6 + +
MDA 2 41.3 2.1 ++ +
MDA 2 19.7 0.0 ++ -
MDA 2 22.6 54.9 ++ +++
MDA 2 44.8 2.3 +++ +
MDA 2 32.9 0.0 +++ -
MDA 2 37.4 0.0 +++ -
MA 2 56.2 20.5 +++ +
Adenocarcinoma 2 7.5 19.7 + ++
Adenocarcinoma 2 28.3 33.2 + ++
PDA 3 36.0 4.2 ++ +

AM: Acid mucin; NM: Neutral mucin; WDA: Well Differentiated Adenocarcinoma; MDA: Moderately
Differentiated Adenocarcinoma; PDA: Poorly Differentiated Adenocarcinoma; MA: Mucinous Adenocarcinoma

Table 2: Relative mucin variant expression of the colonic tissues

Histological Diagnosis ?oc;::)i Mucin Neutral Mucin (%) ?:I\t/:?NM)
Normal Colon (3) 80.0 20.0 4

Low graded adenocarcinoma (5) 73.7 26.3 2.8

High graded adenocarcinoma (17) 63.7 36.3 1.8

AM is Acid mucin and NM is Neutral mucin

Page number not for citation purposes

5



‘ly

Figure 1: Photomicrographs of colon tissues stained with (H&E): (a)
Grade 2, well-differentiated adenocarcinoma (b) Grade 2, moderate
differentiated adenocarcinoma (c) Mucinous adenocarcinoma (d)
Grade 3 poorly differentiated adenocarcinoma; all images scale = 10
pm

Figure 2: inoma of the colon after
staining with DPAS/Alcian Blue (pH 2.5): (a) Grade 2, well-
differentiated adenocarcinoma (b) Grade 2, moderate differentiated
adenocarcinoma (c) Mucinous adenocarcinoma (d) Grade 3 poorly
differentiated adenocarcinoma; Alcian blue stains blue and D-PAS
stains magenta; all images scale = 10 pm
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