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Abstract 
Colorectal carcinomas (CRCs) evolve through multiple pathways. These pathways may be defined based on two molecular features: 
(1) chromosomal instability and (2) chromosomal stability. Tumors showing chromosomal stability evolve through the so-called 
microsatellite instability pathway. These types of tumors show different clinico-pathological features and need different therapy so very 
important to separate them. As Hematoxylin–Eosin (HE) based histology is influenced by the different genetic alterations of a tumor, it is 
reasonable that different gene expression profiles result in different HE morphology. Our aim was to find specific histomorphological 
features specific for colorectal tumors showing different molecular features. We analyzed the clinicopathological parameters of 324 
colorectal carcinomas, 26 hereditary non-polyposis colorectal cancers, 32 sporadic high-level microsatellite-instable (MSI-H) cancers and 
266 microsatellite-stable or low-level microsatellite-instable (MSI-L) cancers among them. Our results showed that we could recognize 
different genetic types of tumors on the base of clinicopathological features like patient’s age, tumor localization and histological 
characteristics of CRCs. Main histological parameters help in differentiation are inflammatory background, nuclear features and pattern of 
infiltration. Clinical parameters like clinical stage and localization and careful histological analysis helps to select molecular method to 
define molecular features and to select the most appropriate therapy of a given tumor. 
Keywords: colorectal carcinoma, chromosomal instability, chromosomal stability, microsatellite instability, tumor morphology. 

 Introduction 

Colorectal carcinomas (CRCs) evolve through 
multiple pathways. These pathways may be defined 
based on two molecular features: (1) chromosomal 
instability and (2) chromosomal stability. There are 
hereditary and sporadic tumors in both groups. The 
minority of hereditary tumors showing chromosomal 
instability are related to familiar adenomatous poly-
popsis (FAP) while tumors showing chromosomal 
stability are hereditary non-polypous colon cancers 
(HNPCC). Chromosomal instability is characterized by 
an increased rate of loss or gain of large portions of 
chromosomes or whole chromosomes. Approximately 
85% of sporadic tumors showing chromosomal instability 
evolve through the classical adenoma-carcinoma 
sequence. The most frequent mutation in these tumors is 
the colorectal cancer gatekeeper gene, the APC gene 
mutation, which involves wnt signaling [1] mediated by 
β-catenin. It is always present in FAP patient as a germ 
line mutation involving one of the alleles. Somatic 
mutation, loss of heterozygosity (LOH) of the second 
allele causes the inactivation of the gene. However, 
APC inactivation is not required in all instances of 
neoplastic initiation and evolution of colorectal cancers. 
KRAS and p53 mutations are strongly associated with 
advanced adenomas; synchronous mutations of APC, 
KRAS and p53 are only around 10%, which shows the 
sizeable gap in our knowledge of molecular pathways. 

Nowadays, it is also well known that different types of 
sporadic adenomas are related to different molecular 
events. It has became evident from the carcinogenesis 
studies that the earliest event of colorectal carcino-
genesis is the appearance of minute focal lesions so cold 
“aberrant crypt foci”. The serrated hyperplastic aberrant 
crypt foci usually have BRAF mutation, while their 
minimally serrated counterparts usually have KRAS 
mutation [2]. KRAS mutation is very strongly associated 
with a villous architecture [3] and both hyperplastic 
polyps and serrated adenomas show frequent mutation 
of the oncogene BRAF as well as extensive DNA 
methylation [4], which is much more a feature of tumors 
showing chromosomal stability. The association between 
BRAF mutation and methylation, so called CIMP (CpG 
island methylator phenotype), has been shown to be 
extremely strong in CRCs. In serrated adenomas without 
mutation of BRAF, the most frequent mutation is 
mutation of KRAS. However, KRAS mutation is very 
rarely associated with DNA hypermethylation. 

Tumors showing chromosomal stability evolve 
through the so-called microsatellite instability pathway 
[5]. It is caused by loss of expression of a DNA 
mismatch repair protein (usually MSH2 and MLH1) and 
display the accumulation of numerous mutations, which 
specifically target repetitive sequences (microsatellite 
regions) of DNA. By definition, microsatellites are short 
repeated segments of DNA that are interspersed 
randomly across the human genome. Repeating units 
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vary in size between one (mononucleotide repeat) and 
six nucleotides and contain 10–50 identical repeats per 
microsatellite locus. Microsatellites are susceptible to 
instability due to slippage of the DNA polymerase 
complex during the DNA replication. Postreplicative 
DNA mismatch repair (MMR) is a highly conserved 
molecular mechanism to ensure genomic integrity by 
repairing mismatched base-pairs that are incorporated 
into the genetic code during cellular replication. 
Disruption of this function results random accumulation 
of mutations and due to it, microsatellites are extended 
or shortened. HNPCC is associated with defective 
MMR due to germ line mutation in an MMR gene.  
15–20% of all colorectal carcinomas exhibit defective 
MMR in the form of high level of microsatellite 
instability (MSI-H) and of these about 10% show 
germline mutation in an MMR gene [6]. The majority of 
cases are explained by somatic hypermethylation and 
loss of heterozygosity (LOH) of the hMLH1 gene 
promoter [7]. Microsatellite instability within colon 
tumors have been formally adopted as follows: MSI-H 
(high level of microsatellite instability), MSI-L (low 
level of microsatellite instability) and MSS (micro-
satellite stable). MSI-H tumors are characterized by 
instability detected at 30% or greater of the micro-
satellite markers analyzed. MSI-L describes tumors that 
demonstrate instability at less than 30% of markers 
tested, and MSS tumors are characterized by stability of 
all markers tested. The five markers recommended by 
the National Cancer Institute are two mononucleotide 
microsatellite markers (BAT25, BAT26) and three 
dinucleotid markers (D5S346, D2S123, and D17S250). 
BAT25 and BAT26 markers accurately detect 98% of 
MSI-H tumors alone [8, 9]. 

Microsatellite sequences are present both in introns 
and also in coding exons of different genes. It was 
described first in colorectal cancer cell lines. Micro-
satellite instability inactivate TGF β-receptor in MSI-H 
tumors [10–12] resulting uncontrolled cell proliferation. 
Not all the effects of MSI are known. However, MSI-H 
tumors have different clinicopathological features 
compared to MSS tumors. On the base of the literature, 
it seems that MSI-L tumors not differ significantly from 
MSS tumors. MSI-H tumors are associated with a 
relatively favorable prognosis. There is evidence to 
suggest that these patients respond differently to  
5-fluorouracil (FU)-based chemotherapy. These patients 
do not benefit from FU-based adjuvant therapy [13]. 
Nowadays anti-epidermal growth factor receptor 
(EGFR) therapy became important part of colorectal 
cancer’s therapeutic regimens. It is well known that 
patients whose tumor shows KRAS mutation do not 
respond to this therapy [14]. Because of the above-
mentioned features, it is very important to differentiate 
MSI-H and MSS colorectal tumors. 

Nowadays the role of the histopathologist is no 
longer limited to issuing an accurate tissue diagnosis but 
also to provide relevant prognostic information. It is 
well known that many histomorphological features are 
related to specific genetic changes, for instance specific 
gene fusions in soft tissue sarcomas and lymphomas 
[15], amplification of MYCN in undifferentiated neuro-

blastomas [16]. It was also shown previously that  
MSI-H colorectal tumors have specific histomorphology. 
The majority of them are undifferentiated, show 
expansive infiltrative pattern and prominent tumor 
infiltrating lymphocytes are also present [17–19]. 

Our aim was to collect and analyze those clinical 
and histomorphological features which help to recognize 
the different genetic types of colorectal tumors as it is 
very important from the point of the management of 
colorectal patient after surgery. 

 Patients and Methods 

Clinical and pathological data of 324 colorectal 
cancer patient treated in the National Institute of 
Oncology were analyzed. One hundred and twenty-four 
patient’s age at the time of diagnosis, localization, 
clinical stage, microsatellite, KRAS and BRAF status 
were taken into consideration. Forty-eight of them 
proved to be MSI-H tumors with MLH1 and MSH2 
immunohistochemistry and it was also confirmed by 
microsatellite genetic tests. Twenty-six cases of them 
were HNPCC and 22 of them sporadic MSI-H tumors. 
Beside these 124 cases another 200 colorectal tumor 
were categorized blindly on the base of morphology as 
probably MSI-H or MSS-MSI-L. 

We analyzed those histomorphological features, 
which have significance in detecting MSI-H tumors on 
the base of literature and partially of our experience. 
These are: (1) glandular differentiation; (2) mucinous 
differentiation; (3) type of necrosis; (4) features of 
nuclei; (5) presence of lymphocytic infiltration; (6) 
pattern of infiltration. 

Table 1 shows the categories we used for histological 
analysis of our cases. 

Table 1 – Parameters used for histological analysis 
of colorectal tumors 

1. Glandular 
differentiation 

1. Medullary type, no gland formation, solid or 
trabecular pattern. 
2. Dominant pattern glandular. 
3. Mixed glandular and medullary pattern. 

2. Mucinous 
differentiation 

1. Large mucin pools containing signet ring 
cells. 
2. Diffuse infiltration of signet ring cells without 
extracellular mucin. 
3. Large mucin pools containing glands,  
no signet ring cell differentiation. 

3. Type of 
necrosis 

1. Dirty necrosis involving a single gland. 
2. Large diffuse necrotic areas. 

4. Features of 
nuclei 

1. Clear, monomorphic nuclei with prominent 
nucleoli and sharp nucleus membrane. 
2. Hyperchromatic nuclei containing small 
nucleoli. 

5. Presence of 
lymphocytic 
infiltration 

1. Intratumoral tumor infiltrating lymphocytes 
(i-TIL), minimum 2 lymphocytes/HPF. 
2. Prominent lymphocytic infiltration of the 
tumor stroma (SIL – stroma infiltrating 
lymphocyte), minimum three aggregate of 
lymphocytes. 

6. Pattern of 
infiltration at the 
invasive front of 
the tumor 

1. Expansive, forming solid nest, so-called 
pushingoid margin. 
2. Infiltrative, infiltrate in trabecular pattern. 

Intratumoral tumor infiltrating lymphocytes (i-TIL) 
were detected inside the basal membrane of the glands. 
The cut off value was 2 lymphocytes/HPF. In case of 
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stroma infiltrating lymphocyte (SIL), lymphocytes 
showed a diffuse or focal peritumoral infiltration mainly 
at the infiltrative margin of the tumors. When 
leukocytes were intermixed, we called it Crohn-like 
lymphoid infiltrate. The cut off value was 3 lymphoid 
aggregate/HPF. Presence of polyps in the surrounding 
large bowel mucosa was also evaluated. Polyps were 
classified as tubulovillous adenoma, hyperplastic polyp 
and serrated adenoma.  

In the first part of the study, we analyzed 124 cases 
on the base of the parameters in Table 1 than in the 
second part other 200 tumor were analyzed. We tried to 
guess at molecular type of the tumors on the base of 
morphology and after it, we correlated our grouping 
with the results of genetic tests. 

Genetic tests 
After macrodissection of the tumors 10–20 µm thick 

sections were cut. Genomic DNA from tumor tissue was 
isolated using High Pure PCR Template Preparation Kit 
(Roche, Germany). Isolation was performed in MagNA 
Pure Compact Instrument (Roche). The MSI test was 
performed according to the method of Dietmaier W and 
Hofstädter F [20]. BAT25, BAT26 primers were used 
for PCR amplification followed by melting point 
analysis. BAT25 recognizes the microsatellite sequence 
in exon 16 of c-kit gene while BAT26 recognizes  
the microsatellite sequence in exon 5 of MSH2 gene. 
KRAS and BRAF mutation analysis were performed as 
previously described [21]. 

Statistical analysis 
Microsoft Excel table was created containing all the 

clinical, morphological and genetic data of tumors. 
Frequency distributions were calculated by Excel 
functions. All the further statistical analysis, contingency 
table and χ2-test, were performed using the BMDP90 
statistical software [22]. 

 Results 

The three different genetic types of tumors showed 
different age distribution. HNPCC was most frequent 

between age of 35 and 55 years with a bimodal peak at 
age of 35–39 and 45–49 years. Sporadic MSI-H tumors 
occurred in older patients most frequently between age 
of 60 and 80 years.  

Clinical stage, localization and mutational status of 
KRAS, BRAF and the microsatellite status of the 
tumors are shown in Table 2. 

Table 2 – Clinical stage, localization (right side: 
coecum, ascending colon; left side: transverse and 
descending colon and sigma; rectum: rectosigmoid 
colon, rectum) and molecular features (KRAS, 
BRAF, microsatellite status) of 124 colorectal cancer 
patients. P-value was calculated by Pearson χ2-test 

Molecular and clinical 
features 

MSS  
(n=76) [%] 

HNPCC 
(n=26) [%] 

MSI-H 
(n=22) [%]

KRAS status ▪ Wild type 
▪ Mutant 

61.8 
38.2 

54.85 
46.15 

100 
– 

BRAF status ▪ Wild type 
▪ Mutant 

94.8 
5.2 

100 
– 

32 
68 

Clinical stage 
(p=0.0009) 

▪ I 
▪ II 
▪ III 
▪ IV 

12.5 
31.8 
36.3 
19.3 

16.7 
57.1 
26.2 

– 

6.5 
54.8 
38.2 
6.5 

Localization 
(p=0.0000) 

▪ Multifocal 
▪ Right side 
colon 
▪ Left side 
colon 
▪ Rectum 

3.2 
25.4 

 
30.9 

 
40.5 

19.1 
47.6 

 
26.2 

 
7.1 

12.9 
71.0 

 
9.7 

 
6.5 

MSS tumors showed mutant KRAS and BRAF gene 
in 38.2% and 5.2% of cases, respectively. While sporadic 
MSI-H tumors contained wild type KRAS until HNPCC 
tumors showed mutant KRAS in 46.15%. BRAF 
mutation was detected in 68% of sporadic MSI-H 
tumors, but none of them showed KRAS mutation. 
Contrarily BRAF mutation was not detected in HNPCC 
tumors. 

There was significant difference in clinical stage of 
the tumors. MSS tumors were mainly in stage III while 
the majority of MSI-H and HNPCC cases were stage II 
tumors. There were no stage IV HNPCC cases. Tumors 
of the left side colon were mainly MSS tumors. HNPCC 
and MSI-H tumors located in the right side colon. 

Table 3 shows the results of histological analysis 
based on the parameters showed in Table 1. 

Table 3 – Results of analysis of histomorphology of 124 colorectal adenocarcinomas, 76 microsatellite stable (MSS), 
26 of hereditary non-polypous colorectal cancers (HNPCC) and 22 sporadic microsatellite instable high (MSI-H) 
carcinomas among them. On the base of histomorphological parameters, these three different genetic types of tumors 
showed highly significant differences with Pearson χ2-test 

Probability of occurrence [%] Morphological features 
MSS HNPCC Sporadic MSI-H 

Glandular differentiation: 
▪ Medullary type, no gland formation, solid or trabecular pattern 
▪ Dominant pattern glandular 
▪ Mixed glandular and medullary pattern 

 
3.9 

72.4 
23.7 

 
3.8 

15.4 
80.8 

 
63.9 
9.1 

27.3 
Mucinous differentiation: 
▪ Large mucin pools containing signet ring cells 
▪ Diffuse infiltration of signet ring cells without extracellular mucin 
▪ Large mucin pools containing glands, no signet ring cell 
differentiation 

 
9.2 
3.9 

21.6 
 

 
38.5 
3.8 

30.8 
 

 
36.4 

0 
9.1 

 
Type of necrosis: 
▪ Dirty necrosis involving a single gland 
▪ Large diffuse necrotic areas 

 
22.4 

0 

 
0 
0 

 
0 

4.5 
Features of nuclei: 
▪ Clear, monomorphic nuclei with prominent nucleoli and sharp 
nucleus membrane 
▪ Hyperchromatic nuclei containing small nucleoli 

 
10.5 

 
89.5 

 
80.8 

 
19.2 

 
68.2 

 
31.8 
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Probability of occurrence [%] Morphological features 
MSS HNPCC Sporadic MSI-H 

Presence of lymphocytic infiltration: 
▪ Intratumoral tumor infiltrating lymphocytes (i-TIL) 
▪ Prominent lymphocytic infiltration of the tumor stroma (SIL – stroma 
infiltrating lymphocyte) 

 
19.7 
21.1 

 

 
88.5 
57.7 

 

 
54.4 
29.1 

 
Pattern of infiltration at the invasive front of the tumor: 
▪ Expansive, forming solid nest, so called pushingoid margin 
▪ Infiltrative, infiltrate in trabecular pattern 

 
32.9 
67.1 

 
92.3 
7.7 

 
86.4 
18.2 

Presence of polyp in the surrounding mucosa: 
▪ Tubular adenoma 
▪ Hyperplastic polyp 
▪ Serrated adenoma 

 
11.8 
2.6 
0 

 
0 
0 
0 

 
0 

4.5 
4.5 

 

The analysis of the histomorphological parameters 
showed significant differences between the different 
genetic subgroups. MSS tumors showed glandular 

pattern with dirty necrosis. Nuclei were hyperchromatic 
and pleomorphic. The pattern of invasion was mainly 
infiltrative (Figure 1). 

 

(A)  (B)

(C) 

Figure 1 – Sporadic microsatellite stable colon cancer: (A) 
Tumor glands show dirty necrosis. Hyperchromatic nuclei 
have thick nuclear membrane and contain multiple small 
nucleoli (HE stain, 200×); (B) There are no signet ring cells 
in extracellular mucin of mucinous tumors (HE stain, 100×); 
(C) Typical infiltrative pattern at the invasive front of the 
tumor (HE stain, 100×). 

 

We have found tubular adenomas in the surrounding 
mucosa in nine cases (11.8%) and hyperplastic polyps 
in two cases (2.6%). HNPCC cases showed mixed 
glandular and medullary pattern. In mucinous areas, 
large mucin pools can be detected containing signet ring 
cells. Nuclei are monotonous, vesicular, containing 
prominent, generally single nucleolus. Membranes of 
the nuclei are thickened. Presence of lymphocytic 
infiltration is a prominent feature. Intratumoral tumor 
infiltrating lymphocytes (i-TIL) or prominent lympho-
cytic infiltration of the tumor stroma (SIL – stroma 
infiltrating lymphocyte) in Crohn-like pattern can be 
detected. HNPCC cases showed expansive margin at the 
invasive front and dirty necrosis was not a feature of 
these tumors at al (Figure 2). 

Sporadic MSI-H tumors have some morphological 
resemblance of HNPCC but there are many different 
features of it. Almost all the sporadic MSI-H tumors 
showed undifferentiated medullary pattern and the 

stroma of these tumors showed prominent mixed 
lymphocytic and leukocytic inflammatory infiltrate. 
Their cytoplasm is eosinophilic, the nuclei are vesicular, 
lobulated with thick nuclear membrane and contain 
prominent eosinophilic nucleoli. There was large mucin 
containing areas in the medullary areas containing 
signet ring cells. Signet ring cells have small compact 
nucleus. Mucin pools without signet ring cells are rare 
and dirty necrosis is also not a feature of these tumors 
(Figure 3). The majority of the MSI-H cases showed 
expansive growth pattern. 

In the surrounding mucosa of MSS tumors, typical 
adenomas were detected while in case of sporadic  
MSI-H tumors hyperplastic polyps and serrated 
adenomas were seen. There were no adenomatous 
lesions surrounding HNPCC tumors. 

In Table 4, we summarized the main clinico-
pathological features of the specific molecular sub-
groups. 
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(A)  (B)
Figure 2 – Hereditary non-polypous colon cancer (HNPCC): (A) Typical medullary pattern with vesicular nuclei and 
prominent nucleoli (HE stain, 400×); (B) Expansive, so-called pushing border at the invasive front of the tumor. 
Numerous tumor stroma-infiltrating lymphocytes are present (HE stain, 200×). 

 

(A)  (B)
Figure 3 – Sporadic microsatellite instable high tumor: (A) Tumors show the same medullary pattern like HNPCC 
cases. Vesicular nuclei with prominent nucleoli. Prominent tumor infiltrating lymphocytes intermixed with many 
leukocytes (HE stain, 400×); (B) Mucinous part of the tumor shows prominent signet ring cell differentiation (HE 
stain, 200×). 

Table 4 – The main clinicopathological features of different molecular subtypes of colorectal cancer (MSS: 
microsatellite stable, MSI-L: microsatellite instability-low, HNPCC: hereditary non-polypous cancer, MSI-H: 
microsatellite instability-high, TIL: tumor infiltrating lymphocyte, SIL: stroma infiltrating lymphocyte) 

Clinicopathological 
features MSS/MSI-L HNPCC Sporadic MSI-H 

Mean age [years] 57.2 41.9 69.4 
Localization Left side colon Right side colon Right side colon 
Stage III–IV I–II II–III 
Histological pattern Glandular Mixed medullar and glandular Medullar 
Mucin Extracellular, no signet ring cells Extracellular with signet ring cells Extracellular with signet ring cells
Dirty necrosis Present No No 
Pattern of invasion Infiltrative Expansive Expansive 

Nucleus Pleomorph, hyperchromatic Uniform, large clear with  
prominent nucleolus 

Vesicular, lobulated with  
prominent nucleolus 

TIL Not present Prominent Frequent 
SIL Rare Frequent Rare 
Polyps in the surrounding 
mucosa Tubular adenoma No adenomas Serrated adenoma,  

hyperplastic polyp 
 

On the base of the clinicopathological features 
summarized in Table 4, we analyzed 200 CRCs with 
unknown genetic status. We evaluate 60 cases as 
chromosomally stable probably MSI-H tumor on the 
base of it. Thirty of the 60 tumors proved to be sporadic 
MSI-H tumor after genetic tests, which mean that  
we could predict the genetic status within 50% 
confidence. 

 Discussion 

Colorectal cancers evolve mainly in three different 
genetic pathways; however, they can be divided into 
two main groups on the base of microsatellite 
instability. There is a smaller group of MSI-H tumors 
showing chromosomal stability. These are sporadic or 
hereditary (HNPCC) MSI-H tumors. The majority of 
colorectal cancers show chromosomal instability and 
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microsatellite stability (MSS) or only low level of 
microsatellite instability (MSI-L). 

Results of the literature showed that differences 
between MSS and MSI-L tumors are only quantitative 
and most probably there are no great differences in the 
evolution of them [23]. There are no phenotypic or 
genotypic markers suitable for differentiation of these 
tumors [24]. Therefore, we did not separate these 
tumors in our study. Tumors with high level of micro-
satellite instability can be sporadic or hereditary. 3–5% 
of all MSI-H tumors are HNPCC cases. Evolution of 
HNPCC tumors related to MLH1, MSH2, MSH3, 
MSH6, PMS1 or PMS2 mismatch repair genes’ germ-
line mutation. The most frequent mutations are mutation 
of MLH1 and MSH2 gene. Collective mutation of these 
genes can be detected in 90% of HNPCC cases. The 
frequency of MSH6 gene mutation is about 10%, while 
hereditary mutation of the other genes is very rare.  
The first step of the carcinogenesis is evolution of 
adenoma but the progression for carcinoma is rapid and 
remnants of adenomas generally cannot be detected in 
HNPCC cases. According to it, we have not seen any 
adenomatous lesion in the surrounding mucosa or 
remnants of adenoma in the tumor in our HNPCC cases. 
Occurrence of sporadic MSI-H tumors is 15% and they 
evolve from serrated adenomas. They frequently show 
mutation of BRAF gene and methylation of the 
promoter region of MLH1 gene. MSH2 gene is never 
involved in the evolution of these tumors [25, 26]. 

In our study, we demonstrated that MSS/MSI-L, 
sporadic MSI-H and HNPCC tumors could be 
differentiated by clinical, morphological parameters.  
On the base of the clinicopathological features showed 
in Table 4, we can predict the molecular features of a 
given colorectal adenocarcinoma. 

HNPCCs occur in younger age group and it is 
localized to the proximal colon. These tumors are 
frequently multifocal and they are in clinical stage I  
and II at the time of diagnosis. Organ metastases are 
rare; there was no metastatic tumor among our cases 
[27]. Sporadic MSI-H tumors occur in older age group, 
after 55 years, the majority of them between 65 and  
80 years and similarly to HNPCCs they show early 
clinical stage. They are localized to the right colon too 
but organ metastases are more frequent. The peak 
incidence of MSS/MSI-L tumors is around 60-year-old. 
They localized mainly to the distal colon and rectum 
and they are detected in advanced stages. Chromosomal 
stability explains the better prognosis of MSI-H tumors 
[28, 29]. Genetic features explain the occurrence of 
sporadic MSI-H tumors in older age group as the 
irreversible promoter methylation of the MLH1 gene is 
a late event [30]. At the same time in HNPCC cases loss 
of the involved MMR gene normal allele by LOH is an 
early event and the mutated allele became dominant.  

Histomorphology was also specific for the different 
genetic groups. While HNPCC cases showed mixed 
glandular and medullar pattern, until MSS/MSI-L 
tumors showed glandular and sporadic MSI-H tumors 
more medullar pattern. Extracellular mucin in both 
types of MSI-H tumors was always associated with 
presence of signet ring cells. Diffuse infiltration of 

signet ring cells without extracellular mucin and also 
extracellular mucin without signet ring cells was a 
feature of MSS/MSI-L tumors. Generally cell nuclei of 
MSI-H tumors are large, vesicular contain prominent 
nucleoli. In HNPCC smaller while sporadic MSI-H 
tumors, larger nuclei are present. Contrarily in 
MSS/MSI-L tumors, nuclei are hyperchromatic and 
pleomorphic. The explanation of these differences is the 
DNA content. MSS tumors are aneuploid, show 
chromosomal instability while MSI-H tumors are 
generally diploid, they show chromosomal stability. 

On the base of literature, the best predictive factor of 
microsatellite instability is the presence of TILs [18]. 
We found that TIL and Crohn-like inflammatory stroma 
reaction was more frequent in HNPCC cases than 
sporadic MSI-H tumors but it was more frequent in 
these types of tumors than in MSS cases. The best 
predictive morphological parameters are type of 
inflammatory infiltrate, nuclear features and pattern of 
infiltration. On the base of these morphological features 
and the clinical data, we can predict microsatellite 
instability with 50% confidence. 

 Conclusions 

Nowadays it is well known that the molecular 
correlates of existing morphological classifications in 
case of many different tumors. Our results similarly to 
others’ showed that there is correlation of morphological 
features with molecular subtypes of colorectal cancers 
in which genetic instability have been shown to be 
fundamental classification criteria. This correlative 
process incorporates clinical, morphological and biolo-
gical components. Furthermore, since genetic instability 
and CIMP are acquired at the precancerous stage, the 
suggested typing of CRCs has a strong basis in 
pathogenesis. It is very important that the synthesis of 
clinical, pathological and molecular features can help 
selecting patients for appropriate therapies at the time of 
pathological diagnosis. In the era of targeted therapies 
pathologist can predict molecular features and indicate 
molecular genetic tests on the base of morphology, 
which is the base of the selection of patients in different 
therapeutic regimens. The recognition of the hetero-
geneous nature of CRC means that pathology has now 
become integral to both CRC therapy and research. 

Acknowledgements 
This paper is partially supported by the Sectoral 

Operational Programme Human Resources Development, 
financed from the European Social Fund and by the 
Romanian Government under the contract number 
POSDRU/89/1.5/S/60782. 

References 
[1] Schneikert J, Behrens J, The canonical Wnt signalling 

pathway and its APC partner in colon cancer development, 
Gut, 2007, 56(3):417–425. 

[2] Rosenberg DW, Yang S, Pleau DC, Greenspan EJ, 
Stevens RG, Rajan TV, Heinen CD, Levine J, Zhou Y, 
O’Brien MJ, Mutations in BRAF and KRAS differentially 
distinguish serrated versus non-serrated hyperplastic 
aberrant crypt foci in humans, Cancer Res, 2007, 
67(8):3551–3554. 



Molecular pathways and pathomorphology of colorectal cancers 

 

773
[3] Jass JR, Baker K, Zlobec I, Higuchi T, Barker M,  

Buchanan D, Young J, Advanced colorectal polyps with the 
molecular and morphological features of serrated polyps 
and adenomas: concept of a ‘fusion’ pathway to colorectal 
cancer, Histopathology, 2006, 49(2):121–131. 

[4] Jass JR, Serrated adenoma of the colorectum and the 
DNA-methylator phenotype, Nat Clin Pract Oncol, 2005, 
2(8):398–405. 

[5] Whitehall VL, Walsh MD, Young J, Leggett BA, Jass JR, 
Methylation of O-6-methylguanine DNA methyltransferase 
characterizes a subset of colorectal cancer with low-level 
DNA microsatellite instability, Cancer Res, 2001, 61(3):827–
830. 

[6] Cunningham JM, Kim CY, Christensen ER, Tester DJ,  
Parc Y, Burgart LJ, Halling KC, McDonnell SK, Schaid DJ, 
Walsh Vockley C, Kubly V, Nelson H, Michels VV, 
Thibodeau SN, The frequency of hereditary defective mis-
match repair in a prospective series of unselected colo-
rectal carcinomas, Am J Hum Genet, 2001, 69(4):780–790. 

[7] Cunningham JM, Christensen ER, Tester DJ, Kim CY, 
Roche PC, Burgart LJ, Thibodeau SN, Hypermethylation of 
the hMLH1 promoter in colon cancer with microsatellite 
instability, Cancer Res, 1998, 58(15):3455–3460. 

[8] Hoang JM, Cottu PH, Thuille B, Salmon RJ, Thomas G, 
Hamelin R, BAT-26, an indicator of the replication error 
phenotype in colorectal cancers and cell lines, Cancer Res, 
1997, 57(2):300–303. 

[9] Ichikawa A, Sugano K, Fujita S, DNA variants of BAT-25 in 
Japanese, a locus frequently used for analysis of micro-
satellite instability, Jpn J Clin Oncol, 2001, 31(7):346–348. 

[10] Markowitz S, Wang J, Myeroff L, Parsons R, Sun L, 
Lutterbaugh J, Fan RS, Zborowska E, Kinzler KW, 
Vogelstein B, Inactivation of the type II TGF-β receptor in 
colon cancer cells with microsatellite instability, Science, 
1995, 268(5215):1336–1338. 

[11] Myeroff LL, Parsons R, Kim SJ, Hedrick L, Cho KR, Orth K, 
Mathis M, Kinzler KW, Lutterbaugh J, Park K et al.,  
A transforming growth factor β type II gene mutation 
common in colon and gastric but rare in endometrial 
cancers with microsatellite instability, Cancer Res, 1995, 
55(23):5545–5547. 

[12] Ogino S, Kawasaki T, Kirkner GJ, Suemoto Y,  
Meyerhardt JA, Fuchs CS, Molecular correlates with MGMT 
promoter methylation and silencing support CpG island 
methylator phenotype-low (CIMP-low) in colorectal cancer, 
Gut, 2007, 56(11):1564–1571. 

[13] Sargent DJ, Marsoni S, Monges G, Thibodeau SN, 
Labianca R, Hamilton SR, French AJ, Kabat B, Foster NR, 
Torri V, Ribic C, Grothey A, Moore M, Zaniboni A, Seitz JF, 
Sinicrope F, Gallinger S, Defective mismatch repair as a 
predictive marker for lack of efficacy of fluorouracil-based 
adjuvant therapy in colon cancer, J Clin Oncol, 2010, 
28(20):3219–3226. 

[14] Karapetis CS, Khambata-Ford S, Jonker DJ,  
O’Callaghan CJ, Tu D, Tebbutt NC, Simes RJ, Chalchal H, 
Shapiro JD, Robitaille S, Price TJ, Shepherd L, Au HJ, 
Langer C, Moore MJ, Zalcberg JR, K-ras mutations and 
benefit from cetuximab in advanced colorectal cancer,  
N Engl J Med, 2008, 359(17):1757–1765. 

[15] Miettinen M, From morphological to molecular diagnosis of 
soft tissue tumors, Adv Exp Med Biol, 2006, 587:99–113. 

[16] Tornóczky T, Semjén D, Shimada H, Ambros IM, Pathology 
of peripheral neuroblastic tumors: significance of prominent 
nucleoli in undifferentiated/poorly differentiated neuro-
blastoma, Pathol Oncol Res, 2007, 13(4):269–275. 

[17] Alexander J, Watanabe T, Wu TT, Rashid A, Li S,  
Hamilton SR, Histopathologic identification of colon cancer 
with microsatellite instability, Am J Pathol, 2001, 158(2):527–
535. 

[18] Jass JR, HNPCC and sporadic MSI-H colorectal cancer:  
a review of the morphological similarities and differences, 
Fam Cancer, 2004, 3(2):93–100. 

[19] Jass JR, Classification of colorectal cancer based on 
correlation of clinical, morphological and molecular features, 
Histopathology, 2007, 50(1):113–130. 

[20] Dietmaier W, Hofstädter F, Detection of microsatellite 
instability by real time PCR and hybridization probe melting 
point analysis, Lab Invest, 2001, 81(10):1453–1456. 

[21] Vereczkey I, Serester O, Dobos J, Gallai M, Szakács O, 
Szentirmay Z, Tóth E, Molecular characterization of 103 
ovarian serous and mucinous tumors, Pathol Oncol Res, 
2010, Dec 7. 

[22] Dixon WJ, BMDP Statistical Software, Inc. Release 7, 
University of California Press, Berkeley, Los Angeles, 
Oxford, 1992. 

[23] Tomlinson I, Halford S, Aaltonen L, Hawkins N, Ward R, 
Does MSI-low exist? J Pathol, 2002, 197(1):6–13. 

[24] Ogino S, Goel A, Molecular classification and correlates in 
colorectal cancer, J Mol Diagn, 2008, 10(1):13–27. 

[25] Arai T, Esaki Y, Sawabe M, Honma N, Nakamura K, 
Takubo K, Hypermethylation of the hMLH1 promoter with 
absent hMLH1 expression in medullary-type poorly 
differentiated colorectal adenocarcinoma in the elderly,  
Mod Pathol, 2004, 17(2):172–179. 

[26] Gafà R, Maestri I, Matteuzzi M, Santini A, Ferretti S, 
Cavazzini L, Lanza G, Sporadic colorectal adeno-
carcinomas with high-frequency microsatellite instability. 
Pathobiologic features, hMLH1 and hMSH2 expression, 
and clinical outcome, Cancer, 2000, 89(10):2025–2037. 

[27] Goecke T, Schulmann K, Engel C, Holinski-Feder E, 
Pagenstecher C, Schackert HK, Kloor M, Kunstmann E, 
Vogelsang H, Keller G, Dietmaier W, Mangold E,  
Friedrichs N, Propping P, Krüger S, Gebert J, Schmiegel W, 
Rueschoff J, Loeffler M, Moeslein G; German HNPCC 
Consortium, Genotype-phenotype comparison of German 
MLH1 and MSH2 mutation carriers clinically affected with 
Lynch syndrome: a report by the German HNPCC 
Consortium, J Clin Oncol, 2006, 24(26):4285–4292. 

[28] Lanza G, Gafà R, Matteuzzi M, Santini A, Medullary-type 
poorly differentiated adenocarcinoma of the large bowel:  
a distinct clinicopathologic entity characterized by micro-
satellite instability and improved survival, J Clin Oncol, 
1999, 17(8):2429–2438. 

[29] Rüschoff J, Dietmaier W, Lüttges J, Seitz G, Bocker T, 
Zirngibl H, Schlegel J, Schackert HK, Jauch KW, 
Hofstaedter F, Poorly differentiated colonic adenocarcinoma, 
medullary type: clinical, phenotypic, and molecular 
characteristics, Am J Pathol, 1997, 150(5):1815–1825. 

[30] Kuismanen SA, Holmberg MT, Salovaara R, Schweizer P, 
Aaltonen LA, de La Chapelle A, Nyström-Lahti M,  
Peltomäki P, Epigenetic phenotypes distinguish micro-
satellite-stable and -unstable colorectal cancers, Proc Natl 
Acad Sci U S A, 1999, 96(22):12661–12666. 
 
 
 
 
 

 
 
Corresponding author 
Erika Tóth, MD, PhD, Centre of Surgical and Molecular Tumor Pathology, National Institute of Oncology, 1122 
Budapest Ráth Gy u 7–9, Hungary; Phone +36 224–8671, Fax +36 224–8671, e-mail: erika66toth@gmail.com 
 
 

Received: April 14th, 2011 

Accepted: July 8th, 2011 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


