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Abstract 
Colorectal carcinoma is a major cause of cancer associated with a high rate of morbidity and mortality in the western world. One of 
the pathologic features considered to be important for prognostic is mucin production. Many authors confirmed that colon carcinomas with 
high mucin content tend to re-occur locally and carry a poor prognosis. For histochemical evaluation of mucin content, we investigated 
149 patients who underwent surgical resection of sporadic colon adenocarcinomas, all over a 5-year period. For histological classification 
we used the WHO recommendation (2000) and to be more accurate we sub-classified mucinous adenocarcinomas by morphometrical 
analysis in three categories: pure mucinous, with extracellular mucin more than 80% of the tumoral volume; mixed type, with 50–80% 
extracellular mucin; and mixed type with less than 50% extracellular mucin. For histochemical investigation, we used stains such as: 
mucicarmine, PAS/Alcian Blue and High Iron Diamine/Alcian Blue. Our study proved the predominance of mixed mucinous 
adenocarcinomas with less than 50% extracellular mucin, followed by the pure mucinous type. From the biochemical composition’s point of 
view, the predominant cases were those with acidic mucins, especially in pure mucinous adenocarcinomas (>90%), while those with 
mixtures of acidic and neutral mucins were present in 62% of the cases. In addition, our study showed the prevalence of sialomucins over 
sulphomucins (68%), particularly in pure mucinous adenocarcinomas (77%). Clinical pure mucinous forms were detected mainly in advanced 
stages, but in terms of lymph node metastasis rate, they were secondary after mixed type with 50–80% extracellular mucin. 
Keywords: colon adenocarcinoma, mucins, histochemistry. 

 Introduction 

Colorectal cancer (CRC) is the fourth most commonly 
diagnosed malignant disease worldwide, with over one 
million new cases and approximately 500 000 deaths 
each year [1]. 

Over time there have been investigated a number of 
morphoclinic parameters with prognostic value in colon 
cancer, such as: tumor resection margins, histologic 
size, lesional topography, obstruction and perforation, 
lymph node involvement, lymphatic vessel invasion, 
blood vessel invasion [2]. These studies have resulted in 
2000, after the Consensus Conference of the Colorectal 
Working Group of the American Joint Committee on 
Cancer Prognostic Factors (AJCC) [3, 4] in determining 
the establishment of four categories of prognostic 
factors with clear implications in treatment planning and 
survival estimation for these patients. 

One of the histological features of colorectal cancers 
with important impact on prognosis and therapeutic 
management of these patients is tumor cells’ mucin 
production. According to WHO, digestive tract tumor 
classification [5], mucinous adenocarcinoma (MA) is a 
subtype of colorectal adenocarcinoma with more than 
50% of the lesion composed of mucin. Most authors 
agree that patients with MA in terms of its presence at a 

more advanced stage of disease also have a poorer 
prognosis than those with other types of carcinoma 
[6, 7]. Also, it is considered that because of these 
differences in colorectal MA, the lesional topography 
and its presentation stage would rather be responsible 
for their survival, than the histological type [6]. 
However, it seems that MAs are heterogeneous tumors 
with respect to their clinicopathological and molecular 
features [8].  

For these reasons, the purpose of our study was to 
clarify the clinicopathological characteristics of colon 
MA in the population of Dolj County, especially in what 
it regards the histochemical types of mucin components. 

 Materials and Methods 

A series of 149 consecutive cases of mucinous 
colorectal carcinomas (only surgical resections), 
retrieved from the Pathology department’s files between 
2006–2010 were studied. 

Only MA were included in this study and they were 
divided into the following groups based on mucin 
content, morphometric analysis on transverse sections 
of surgical specimens: (i) pure mucinous with extra-
cellular mucin more than 80% of the tumoral area 
(PMA); (ii) mixed type with 50–80% extracellular 
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mucin (MMA); and (iii) mixed type with less than 50% 
extracellular mucin (mMA). Sections from normal 
colon were taken as controls. 

Representative transverse section fragments were 
fixed in 10% neutral buffered formalin, and processed 
for paraffin inclusion. 2–3 µm thick sections were cut 
for routine HE (Hematoxylin–Eosin) staining. 

PAS (Periodic Acid Schiff) and mucicarmine were 
performed for general staining of mucins, PAS/AB 
(Periodic Acid Schiff/Alcian Blue), HID (High Iron 
Diamine) were done for determining the nature of 
mucins (as neutral and acidic), and a HID/AB (High 
Iron Diamine/Alcian Blue) staining was done to 
differentiate between sulphomucins and sialomucins 
[9, 10]. 

Mucin content of the investigated cases was 
estimated by morphometric assessment as the area 
occupied by mucin present on transverse section slides 
of the surgical specimens specifically stained and using 
the NIS elements image analysis software (Nikon, 
Apidrag, Bucharest). Briefly, this was achieved by 
investigating the lesions with a 4× objective (tissue 
scanned from the surface to the depth of the lesion), and 
from one end to the other, for about 20 microscopic 
fields. 

From the pathological report, slides and clinical 
record, the following items were retrieved: age, gender, 
location, size (T), stage (TNM), microscopic features, 
degree of differentiation, depth of tumor invasion and 
lymph node status. 

Tumors were classified and staged according to the 
sixth edition of the TNM Classification of the American 
Joint Committee on Cancer [11]. Tumors were grades 
1–3 depending on the degree of gland formation:  
>70%, grade 1 (well differentiated), 30–70%, grade 2 
(moderate differentiation), and <30%, grade 3 (poor 
differentiation). 

The relationship between mucinous content and 
various clinicopathologic features was tested by chi-
square test. Statistics and graph plotting were done in 
Microsoft Excel 2003. 

 Results 

Epidemiologic characteristics 

Regarding mucin content in our casuistry, the 
predominant form was the mMA type with 50% extra-
cellular mucin (52.5%), followed by the PMA (32%) 
and MMA (15.5%).  

In what it regarded the clinicopathologic features 
studied in parallel, we observed that regardless of the 
mucin content, MA prevailed in the fifth decade of life, 
especially in men (with men/female ratio about 1.4:1 in 
PMA), and in the right colon as lesion topography. The 
PMA and MMA developed with a somewhat higher 
percentage in the right colon (with 1.66 value of right/ 
left colon ratio in PMA and 1.55 for MMA type). Also, 
these MA subtypes were diagnosed in advanced stages 

of disease (52% and respective 56.5% in pTNM stage 
III); the PMA cases having at least the muscularis 
propria invaded at the time of diagnosis. The lymph 
node metastasis was present in 43% of all investigated 
cases, with the highest percentage recorded for MMA 
type (56.5%), followed by PMA (46%). 

Microscopic characteristics 

In PMA, the carcinomatous proliferation had one of 
the following aspects: 

▪ Acini-like structures floating in lakes of mucus, 
consisting in clumps of carcinomatous cells with 
pyknotic nuclei and eosinophilic cytoplasm (Figure 1a). 
Sometimes inside of these carcinomatous proliferations, 
we could identify the presence of glandular lumens and 
even a solid or cribriform pattern. 

▪ Uni- or multilayered cords of flat carcinomatous 
cell delimiting lakes of mucus with varying shapes  
and sizes (Figure 1b). Often, this limiting malignant 
epithelium was detached and found floating in lakes of 
mucus. 

▪ Isolated carcinoma cells floating in lakes of mucus 
(Figure 1c). Only in three cases, some of these carcinoma 
cells following intracellular mucus accumulation have 
adopted a particular morphology of “signet ring” 
(Figure 1d). 

In the other types of MA (MMA and mMA),  
in addition to the above issues there were present 
aspects of conventional adenocarcinoma with various 
degrees of differentiation. According with this degree  
of differentiation, the prevalent types were well and 
moderate differentiated forms (45% and respective 
40%); the poor differentiated type being present only  
in PMA. 

Histochemical characteristics 

PAS/AA stain highlighted the overwhelming 
prevalence of cases of MA with a mixed secretion of 
acid and neutral mucins (>61%), (Figure 1, e and f).  
A qualitative assessment of these cases revealed the 
peculiar prevalence of acid mucins (>80% for MMA 
and for mMA cases). 

Regarding the MA subtype, we found that in PMA 
and MMA acid mucins were prevalent (>90%, 
respective >58%) (Figure 2, a and b), while in mMA 
there was a balance between the two types of excreted 
mucins (Figure 2c). 

HID/AB stain revealed the overwhelming prevalence 
of MA with mixed secretion of sulpho-mucins  
and sialomucins (>70%) (Figure 2d). A qualitative 
assessment indicated a prevalence of sialomucins 
(>72% for mixed MA). 

According to histological subtype we found that in 
PMA prevailed sialomucins (>82% of cases) (Figure 2e), 
in mMA there was a slight prevalence of sulphomucins 
(>57%) (Figure 2f), and in MMA there was a balance 
between sialomucins and sulphomucins. 

Also, we noticed the presence of intracellular mucus, 
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especially in mMA cases where the PAS/AA stain 
revealed the prevalence of acid mucins (Figure 3a), 
while the HID/AB stain highlighted the predominance 
of sialomucins. Usually, the sulphomucins were observed 
in mMA cases with the least degree of malignancy 
(Figure 3b). 

Results of statistical investigations 

In PMA, we observed a statistically significant 
difference between mucin content on different age 
groups, χ²(12, N=36) = 38.56, p=0.00012. There are 
significant differences between the mucin content of the 
IV–Vth decade of life, where mixed mucins prevailed, 
followed by far by sialomucins. In the VI–VIIth decades 
sialomucins where predominating, followed closely by 
mixed mucins (sialo- and sulphomucins). 

The presence of sialo- and sulphomucins was 
significantly different depending on the degree of differ-
entiation χ²(4, N=48) = 11.21, p=0.02423. Thus, we 
observed a decrease of sulphomucins and an increase in 
the amount of mixed mucins (sialo- and sulphomucins) 
with decreasing degree of tumor differentiation. 

The presence of lymphatic metastasis was 
significantly different depending on: (1) the degree  
of differentiation χ²(4, N=48) = 35.81, p=3.2×10-7,  
the number of metastases increasing with decreasing 
degree of differentiation (Figure 3c); (2) pTNM staging 
χ²(6, N=48) = 28.21, p=1.3×10-7, the number of 
metastases increasing with the stage of disease; (3) the 

stage of tumor invasion, χ²(3, N=48) = 27.34, p=5×10-6, 
the number of metastases increasing with the depth of 
invasion. 

In mMA, we noticed a difference in the mucin 
content (acid/neutral mucins) for different age groups 
[χ²(8, N=16), p=4.4×10-38], between the III–VIIIth 
decades of life predominating mixed acid/neutral 
mucins, followed by neutral mucins, the trend being  
of an increase until the Vth decade, followed by a 
proportional decrease to the VIII–IXth decades of life. 
In addition, we observed a difference in the sulphatated 
or non-sulphatated mucin content for different age 
groupes [χ²(10, N=14), p=2.7×10-57], between III–VIIIth 
decades of life predominating the mixed sulpho-/ 
sialomucins, followed by sulphomucins, the trend being 
of an increase between the III–VIth decades, followed 
by a decrease towards very higher ages. Also, 
significant differences were obtained between the type 
of acid vs. neutral mucin content for different staging  
of neoplastic disease pTNM [χ²(6, N=78) = 37.79, 
p=0.00016] (Figure 3d) and for different depths of 
invasion [χ²(3, N=78) = 28.81, p=6.6×10-8]. 

Moreover, the sialo- and sulphomucins content was 
different for different in mMA with invasion stages, the 
mixed mucins prevailing especially in advanced stages 
of neoplasia. In addition, we also noted a relatively 
equal level of sialo- and sulphomucins in N0 and N1 
stages, but in N2 stage the mixed mucins were 
predominating (Student t-test, p<0.05]. 

 

(a)  (b)

(c)  (d)
Figure 1 – Colon mucinous adenocarcinoma: (a) Acini-like structures floating in lakes of mucus, HE stain, ×200;  
(b) Uni- and multilayered cords of flat carcinomatous cells delimiting lakes of mucus with detaching cells, HE stain, 
×100; (c) Isolated carcinoma cells floating in lakes of mucus, HE stain, ×100; (d) Carcinoma cells with the “signet 
ring” morphology, HE stain, ×200. 
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(e)  (f)
Figure 1 – Colon mucinous adenocarcinoma: (e) and (f) with mixed secretion of acid and neutral mucin, PAS/AA 
stain, ×40, ×200. 

 

(a)  (b)

(c)  (d)

(e)  (f)
Figure 2 – Colon mucinous adenocarcinoma: (a) Pure type with prevalence of acid mucins, PAS/AA stain, ×100; (b) 
Mixed type with more than 50% of extracellular mucin in which prevail acid mucins, PAS/AA stain, ×100; (c) Mixed 
type with less than 50% of extracellular mucin in which exist a balanced content of acid and neutral mucins, PAS/AA 
stain, ×100; (d) Mixed type with more than 50% of extracellular mucin with mixed secretion of sulphomucins and 
sialomucins, HID/AB stain, ×100; (e) Pure type with prevalence of sialomucins, HID/AB stain, ×40; (f) Mixed type 
with less than 50% of extracellular mucin in which predominate sulphomucins, HID/AB stain, ×100. 
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(a)  (b)

(c)  (d)
Figure 3 – Colon mucinous adenocarcinoma: (a) Intracellular mucus with prevalence of acidic mucins, PAS/AA 
stain, ×200; (b) Mixed type with less than 50% of extracellular mucin in which prevail the sulphomucins, HID/AB 
stain, ×200; (c) Statistical significant differences of lymph node metastasis with different degrees of differentiation in 
pure mucinous adenocarcinoma; (d) Statistical significant differences of acid/neutral mucin content with different 
pTNM staging of mixed type with less than 50% of extracellular mucin. 

 

 Discussion 

Studies have indicated that mucinous tumors and 
signet-ring cell tumors are associated with different 
clinicopathologic features and outcomes compared to 
non-mucinous tumors, suggesting that biologic behavior 
differs in more than just the histological appearance 
[12]. Mucinous carcinoma is an uncommon form of 
colorectal cancer accounting for 11–15% of the cases 
[2, 13–17]. Regarding the role of mucin content as a 
prognostic factor in colon cancer, the opinions are 
divided. So if some authors considered mucinous 
histology as an independent adverse prognostic factor 
[14, 16, 18, 19], other authors disagree [2, 13, 14, 20, 
21]. The current consensus of the College of American 
Pathologists and American Joint Committee on Cancer 
is that mucinous differentiation is not proven as a 
statistically significant prognostic factor independent of 
the histological grade [3, 4]. 

Over time, there have been several attempts to 
quantify the mucin component and to establish if this 
would allow the identification of some histological 
subtypes with distinct prognostic significance. Thus, 
Umpleby HC and Williamson RC [22], on a series of 54 
MA of the colon, defined as sub-variants: moderate 
colloidal adenocarcinoma with extracellular mucins 
ranging between 60–80% and high colloidal adeno-
carcinoma with mucin proportions over 80%. The first 
subtype would have similar anatomoclinical features 
with conventional adenocarcinoma while high colloidal 
version seems to develop especially before the age of 50 
years, more aggressive, being diagnosed in advanced 

stages, with a higher rate of local relapse and a reduced 
survival rate at 5 years. Symonds DA and Vickery AL 
[16], on a series of 132 cases of colon MA define as 
colloidal subtype that histological variant containing 
over 60% of extracellular mucin from the entire tumoral 
volume. The same authors found a significant number 
of MA in which the mucinous component represented 
more than 80% of the tumor volume and they had a 
lower survival rate compared with the colon non-MA. 
Unlike the above-mentioned authors that used 
subjective criteria for assessing the volume occupied by 
mucin component, Sadahiro S et al. [23] turning to 
digital morphometry methods, have found that from a 
series of 281 patients with colon adenocarcinomas, 
30.2% had a mucinous component. The same authors 
showed that regarding to the proportion of mucin 
component from the entire tumor volume, prognostic 
significance was met only tumors in which the mucinous 
component achieved more than 10% (respective 60.5% 
of all MA). Minsky BD et al. [2] found for colloid 
version of adenocarcinoma, respectively those with more 
than 50% of extracellular area – mucin accumulation; an 
incidence of 11%, and for mixed version with mucinous 
component less than 50% of the tumor volume a 
frequency of 6%. More recently Kakar S et al. [24]  
on a series of 248 MA defined according to WHO 
criteria (2000), respective those tumors with mucinous 
component representing more than 50% of the tumor 
volume; identified two histological subvarieties such as 
pure mucinous form (with more than 72.5% mucin areas) 
and mixed form. Our morphometrical investigation 
allowed us to subdivision the MA cases in three groups: 
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pure mucinous with extracellular mucin more than 80% 
of the tumoral area (PMA), mixed type with 50–80% 
extracellular mucin (MMA), and mixed type with less 
than 50% extracellular mucin (mMA). According to 
this, in our casuistry predominated the mMA type 
(52.5%), followed by the PMA (32%) and MMA 
(15.5%). 

Regarding the biochemical mucin type in our 
casuistry, we recorded the prevalence of mixed mucin, 
both acid and neutral types (about 62% of cases), the 
acid mucins being the predominant type, especially in 
PMA form (>90% of these cases). Moreover, in mMA 
cases we recorded differences between mucin content in 
acid/neutral mucins for different age groups. Thus 
between the III–VIIIth decades of life prevailed mixed 
mucins, followed by neutral mucins, this trend 
remaining high until the Vth decade, followed by a 
proportional decrease to the VIIIth and IXth decades of 
life. 

Regarding the acid mucin subtypes, our study 
revealed the prevalence of sialomucins (68% of all cases 
investigated), being best represented in PMA subtype 
(77% of these cases). In PMA there was a statistically 
significant difference between different age groups, 
with the prevalence of mixed mucins (sialo- and 
sulphomucins), followed by sialomucins in the IV–Vth 
decade of life, while in the VI–VIIth decade of life 
predominated sialomucins, followed by mixed mucins. 
In addition, we have recorded low levels of sulpho-
mucins and an increase in the amount of mixed mucins 
(sulpho-/sialomucins) with decreasing degree of tumor 
differentiation. For the mMA histological types, we 
recorded that between the III–VIIIth decades of life 
prevailed mixed mucins followed by sulphomucins, the 
trend being ascending between decades III–VIth, then 
there was a decreasing tendency with the increasing age. 
Significant differences were also obtained between  
the types of mucin content (acid versus neutral), for 
different neoplastic disease staging (pTNM) and depths 
of invasion. 

Studies have shown that in normal colorectal mucosa 
there is a mixture of acid and neutral mucin, the neutral 
one predominating especially in the ascending and 
transverse segments [25–27]. Regarding the type of acid 
mucin present in normal colon mucosa, it was proved 
the existence of both sulpho- and sialomucin, the first 
type being prevalent [25–27]. It was showed that there 
are differences in the composition of mucin in goblet 
cells in various segments of the colon [26, 27], and also 
at different levels of the glands themselves [25, 26]. 

Furthermore, in 1969, Filipe MI [28] introduce the 
term of “transitional mucosa” to describe a type of 
abnormal colic mucosa present adjacent to colon adeno-
carcinoma, in which goblet cells have an excess of 
sialomucins, the sulphomucins being under-represented 
or even being absent [28]. Other studies have addressed 
this “transitional mucosa” and various authors have 
obtained somewhat conflicting results regarding the 
abnormal profile of sialo- and sulphomucins content of 
goblet cells at this level [29–32]. Further controversy 
arose about the nature and potential clinical applications 
of this “transitional mucosa” [33]. This acid mucinous 

profile of mucosal goblet cells adjacent to carcinomas is 
similar to the mucosecretion pattern of fetal intestine, 
proving a putative reversion of these colon mucosa 
regions to an embryonic stage that may characterize 
early stages of carcinogenesis at this level, increasing 
the chance of early colon cancer detection [34]. 

Similar to our study, the vast majority of histo-
chemical studies carried out for colon MA indicate the 
presence of acid and neutral mucins mixed secretions 
with the prevalence of acidic ones, and of these, 
sialomucins being best represented [34–42]. 

In our study, the PMA and MMA histological forms 
were diagnosed especially in stage III pTNM (52% and 
respective 56.5%), 100% of PMA cases being in T3–T4 
stages and 56.5% of MMA cases were metastatic in 
locoregional lymph nodes. Many studies conducted on 
colon MA have shown that it tends to be rather local 
invasive, with local dissemination and peritoneal 
seeding, the hematogenous dissemination not being a 
characteristic feature for this type of cancer [43–46]. 
Predisposition for this type of lymph node metastasis 
can be explained by the blockade of the local anti-
tumoral immune response by increased secretion of 
mucopolysaccharides, which would facilitate pericolic 
tissue invasion and the infiltration into lymphatic 
vessels and lymph nodes [47]. More recently, Goi T 
et al. [48] and Chen JS et al. [49] suggested that there 
are two different subtypes of mucinous colorectal 
carcinoma with different prognostics (tubolopapillary 
and muco-cellular). The muco-cellular type appears to 
have a higher rate of venous invasion, lymph node 
metastasis, liver metastasis, peritoneal dissemination 
and to occur in more advanced stages (III–IV) than 
tubolopapillary type. In addition, other authors suggest 
that variations related to survival of patients with colon 
adenocarcinoma was due not so much to carcinoma 
histological type, but especially to differences in tumor 
topography and stage at diagnosis [4, 7, 44]. 

 Conclusions 

Our study proved the prevalence of MA cases with 
mixed acid and neutral mucin content, with acid mucin 
being more represented especially in the PMA. 
Subsequent, from the acid mucins group sialomucins 
prevailed. The PMA and MMA were diagnosed in 
advance stages (III–IV pTNM), and with a higher rate 
of lymph node metastasis. 
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