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Abstract: 
Neuroendocrine differentiation has been mentioned in many cancers of non-neuroendocrinal organs, 

involving the gastrointestinal tract. In contrast, the correlation of focally diffused neuroendocrine 

differentiation in colorectal adenocarcinoma with neuroendocrine cell hyperplasia has not been somewhat 

reported. The objective of this research is to study the relationship between neuroendocrine cell hyperplasia 

and neuroendocrine differentiation in colorectal adenocarcinoma and to find the correlation of 

neuroendocrine differentiation and VEGF expression with clinicopathological parameters of colorectal 

adenocarcinoma. Methods employed in the current study were including eighty-one patients with colorectal 

cancer. Formalin fixed paraffin embedded blocks were sectioned and stained with immunohistochemical 

markers; Chromogranin A and VEGF; and processed automatically according to protocols supplied by the 

antibody manufacturer. Results show that neuroendocrine cell hyperplasia in the mucosa nearby tumor 

comprised (42%) and it was associated with neuroendocrine differentiation. Neuroendocrine differentiation 

and vascular endothelial growth factor were positive in 48.1% and 63% respectively. Neuroendocrine 

differentiation did not show a relation with clinicopathological parameters with the exception of tumor that 

metastasizes to other tissues and organs. The association of VEGF with the same factors had significant 

impact with tumor stage, degree of local invasion and lymph node metastasis. Other histological changes 

revealed that only desmoplastic reaction had significant difference in relation to neuroendocrine 

differentiation. This study reached the conclusion that neuroendocrine cell hyperplasia is positively 

correlated with neuroendocrine differentiation and it has strong linkage in pathogenesis of colorectal 

adenocarcinoma. Neuroendocrine differentiation and VEGF expression are greatly correlated with 

progression and invasion of tumor to other tissues and organs, and this can be represented as an important 

parameter for poor prognosis of colorectal adenocarcinoma. 

 

Key words: Colorectal adenocarcinoma, Neuroendocrine cell hyperplasia, Neuroendocrine differentiation, 

Vascular endothelial growth factor (VEGF). 

 

Introduction:  
Colorectal cancer (CRC) is the third most 

popular cancer and occupies the fourth death rate 

related to cancer (1). The majority of patients with 

CRC are detected in Western countries and they are 

increasing in the incidence annually. Few 

percentages near about 4%–5% of people may be 

suffering from CRC. The risk factors to develop the 

disease are related to personal features or habits 

such as age, lifestyle and chronic disease history 

(1).  

Neuroendocrine cells are located in several 

organs of the body such as the gastrointestinal tract, 

pancreas, adrenal gland, thyroid, and lung. The 

gastrointestinal tract occupies the major part of 

neuroendocrine cells. These cells produce peptides 

or amines and were previously referred to as amino-

precursor-uptake-decarboxylation (APUD) cells. 

They are diffusely distributed throughout the body 

tissues and belong to the diffuse neuroendocrine 

system (DNES). The functions of neuroendocrine 

system in the normal gastrointestinal tract is 
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controlling the proliferation and the growth of 

epithelial and mesenchymal cells and probably 

sense the person feeling of hunger during fasting 

and food-intake (2).  

Neuroendocrine cells are well-documented 

to play a role in the proliferative compartments of 

gut and gastrointestinal adenocarcinomas (AD) (3, 

4). Neuroendocrine differentiation (NED) has been 

mentioned in many cancers of non-neuroendocrinal 

organs, involving the gastrointestinal tract (3, 5). 

Several studies have been conducted in CRC to 

assess the NED for years ago, but the clinical effect 

is controversial (3).  

The neuroendocrine cell (NE cell) 

hyperplasia is considered the precursor’s lesion in 

the gastrointestinal and pancreatic neuroendocrine 

tumors (GEP-NETs). In the large bowel, this 

condition is described as an inflammatory bowel 

disease in which it has neither a genetic nor a 

definite hormonal background (6).  

Hyperplasia of the endocrine cell is defined 

when more than 5 cells are found per gland, at least 

2 linear chains/ mm or one micronodule less than 

150 µm/mm (1 micronodule per millimeter length 

of mucosa). Basically, it starts as a proliferative 

growth with linear arrangement and then a 

micronodular arrangement which results in extra-

glandular nodular growth leading to multiple NETs 

(6, 7). 

Mixed adenoneuroendocrine carcinomas 

were described in gastrointestinal neoplasm 

according to recent World Health Organization 

(WHO) classification (8). High-grade NET may be 

noticed in the large bowel with conventional cancer 

(adenoma/ adenocarcinomas or squamous cell 

carcinoma in the anal canal) (9). However, a 

possible link between NE cell hyperplasia to the 

focal diffused NED and transition from adenoma to 

carcinoma has not been somewhat reported. 

One of the growth factors in gastrointestinal 

cancer is VEGF, the pro-angiogenic factor that has 

been identified to regulate angiogenesis (10). 

Growth factors production such as VEGF, TGF-a, 

PDGF, HGF, TGF-b1, and CTGF, has been well 

defined in NE-cell NETs. These growth factors 

provide the structural framework for the 

desmoplastic reaction mentioned in the mesentery, 

the blood vessels, which lead to the symptoms 

observation (11, 12). Evidence from preclinical and 

clinical studies demonstrates that VEGF is 

considered the prominent factor that participates in 

CRC angiogenesis and it has a great correlation 

with NED and progression of disease (13, 14). 

Vascular endothelial growth factor A 

(VEGF-A) which is considered the most prominent 

member of the VEGF family, is a heparin-binding 

glycoprotein that has a potent mediator for 

angiogenesis. It promotes vascular permeability of 

endothelial cells for neoplastic cells (15). 

This study is conducted to: 

1. Study the relationship between neuroendocrine 

cell hyperplasia and neuroendocrine differentiation 

in colorectal AD. 

2. Find the correlation of neuroendocrine 

differentiation and VEGF expression with 

clinicopathological and different histological 

parameters in colorectal AD. 

 

Materials and Methods: 

Sampling: 

Eighty one formalin fixed paraffin 

embedded blocks of CRC tissues were collected 

during the period from January 2015 to December 

2017 from the histopathology department of Central 

Public Health Laboratory and other private 

laboratories in Duhok Governorate. The study was 

conducted after approval of the research ethics 

committee in Duhok Directorate General of Health. 

The age and gender of the patients, grading and 

staging of the tumor and histopathological findings 

were recorded for each case. No patient received 

chemotherapy. Classification of tumor was done 

according to WHO classifications (7). 

Histopathology and Immunohistochemistry 

(IHC): 

Tissues sections 4 microns were mounted 

on salinized slides (Dako, Denmark) then 

deparaffinized, after that they were rehydrated in 

ethanol through descending concentrations. 

Chromogranin A (CGA) was used as a 

neuroendocrine differentiation marker (16), and 

VEGF as angiogenic factor. IHC staining was 

performed with anti-CGA antibody (Polyclonal 

Rabbit Anti-Human Chromogranin A) (Code No: A 

0430; Dilution 1/400; DakoCytomation, USA) and 

anti-VEGF antibody (Monoclonal Mouse Antibody; 

Code No: MA5-13182; clone JH121, dilution 1/50; 

Thermo Fisher Scientific, USA). The pre-treatment 

with heat-induced epitope retrieval (HIER) was 

done using EnVision FLEX Target Retrieval 

Solution and Dako PT Link (Code PT100/PT101).   

Slides were processed automatically 

(Autostainer link 48; Dako, Denmark) according to 

the protocols supplied by the antibody 

manufacturers with the following reagents: 

EnVision FLEX Peroxidase Blocking reagent, 

primary antibody, secondary antibody for both 

markers (anti-CGA antibody and anti-VEGF 

antibody) and 3,30- Diaminobenzidine (DAB+) 

chromogen then hematoxylin and eosin. The 

staining steps and incubation times were pre-

programmed into the Autostainer Link software. 
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The recommended reagent application volume was 

1 x 200 μL per slide. 

When the staining procedure was 

completed, the slides were dehydrated, cleared then 

mounted. The immuno-reactive evaluation for both 

markers was assessed. The antibody of CGA labels 

chromogranin A found in secretory granules in the 

cytoplasm of NE cells; VEGF antibody labels 

mainly the cytoplasm of tumor cells; therefore, the 

presence of a brown cytoplasmic reaction indicated 

positive reaction for both immunostaining markers, 

and otherwise the reaction was considered negative. 

Scoring: 

Tumor regions containing CGA positive 

cells were identified with low power (100x and 

400x) microscopy. Normal mucosal cells of the 

colon containing neuroendocrine cells were used as 

positive internal controls for CGA reactivity as well 

as for detection neuroendocrine cells hyperplasia. 

Scoring of CGA immuno-reactivity in 

tumor tissue was done according to a modified 

three-tier system determined by Shia et al. (17) 

including score 0: no staining in tumor cells; score 

1+: > 0 and < 30% of tumor cells stained, and score 

2+: ≥ 30% of tumor cells stained. Sections with 

score 1 and score 2 were estimated as positive 

expression for CGA and they behaved as positive 

NED, and score 0 was considered negative for CGA 

expression.  

Expression of VEGF was based on the 

staining intensity of the malignant epithelial cells. 

Endothelial cell, fibroblastic or other stromal cells 

staining were not considered during the assessment. 

Smooth muscle cells were used as positive internal 

controls for VEGF immuno-reactivity. The degree 

of VEGF expression was grouped into three 

categorizations according to the percentage of 

immuno-reactive cells, the positive staining cells 

over the total number of counted cells, as follows; 

score 0: the staining intensity of malignant 

epithelial cells were less than the staining intensity 

of normal smooth muscle; score 1: <30% of 

malignant epithelial cells were stained with similar 

intensity to that of normal smooth muscle, and score 

2: ≥30% of malignant epithelial cells were stained 

more intensely than normal smooth muscle. The 

final two scores were considered positive 

expression (18). 

Statistical Analysis: 

Results were analyzed using the Social 

Sciences Statistical Package, version 16 (SPSS 

Software, SPSS Inc., Chicago, USA). Descriptive 

analysis of data was carried out using the 

frequencies of the relevant data.  

Possible relation between NE cell 

hyperplasia and NED; clinicopathological 

parameters relation with NED, and VEGF were 

investigated using Chi square or Fisher’s exact 

probability test. 

Statistical significant was regarded a p-

value of less than 0.05. Pearson Correlation (2-

tailed) test has been used to correlate the 

histological changes with NED and VEGF. 

Results: 

Eighty one patients (52 males and 29 

females) were diagnosed with CRC. The mean age 

was 53.65 years (range: 18–83 years). Regarding 

the grading of CRC, well and poor differentiated 

AD were the less common comprising 2 (2.5%) and 

8 (9.9%) respectively, the remaining 71 cases (87.7) 

were moderately differentiated. The histological 

findings revealed that 65 cases (80.2%) of 

conventional type while the remaining types 

included mucinous with 11 cases (13.6%) and 

signet ring cell 5 cases only (6.2%). The majority of 

patients 44 cases (54.3%) had stage III, and those 

with stage IV were the least comprising 4 cases 

(4.9%). Nearly half of cases 41 (50.6%) were 

recorded with colon cancer whereas rectal cancer 

represented the other half number of cases 40 

(49.4%) (Table 1). 

 

Table 1. Frequency and percentage of 

clinicopathological factors for CRC patients 
Parameter Findings Frequency (%) 

Gender 

 

Male 52 (64.2) 

Female 29 (35.8) 

Age ˂ 60 41 (50.6) 

≥ 60 40 (49.4) 

Tumor site Colon 41 (50.6) 

Rectum 40 (49.4) 

Histological 

type of 

tumor 

Conventional  65 (80.2) 

Mucinous  11 (13.6) 

Signet ring cell  5 (6.2) 

Grade Well 2 (2.5) 

Moderate 71 (87.7) 

Poor 8 (9.9) 

 

TNM Stage 

I 9 (11.1) 

II 24 (29.6) 

III 44 (54.3) 

IV 4 (4.9) 

Local 

Invasive 

Depth 

T2 12 (14.8) 

T3 64 (79.0) 

T4 5 (6.2) 

Lymph 

Nodes 

N0 34 (42.0) 

N1 & N2 47 (58.0) 

Distant 

Metastasis 

M0 77 (95.1) 

M1 4 (4.9) 

Total 81 (100.0) 
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Immunohistochemistry findings: 

The expression of IHC marker CGA was 

used for NED and NE cell hyperplasia. From the 

total number (81) of patients about half of them 39 

cases (48.1%) showed positive NED in tumor cells 

(Fig. 1). The other cases 42 (51.9%) had negative 

expression of NED. 

 
Figure 1. Frequency and percentage of NED 

using IHC marker (CGA) in CRC patients. 
 

The frequency of positive NE cell 

hyperplasia was found in 34 cases (42%). The other 

cases had the normal percentage of enteroendocrine 

cells; i.e. they were negative for NE cell hyperplasia 

in 47 cases (58%)  (Fig. 2).  

 
Figure 2. Frequency and percentage of NE cell 

hyperplasia using IHC marker (CGA) in CRC 

patients. 
 

The expression of NED appears in all 

histological types of CRC (Fig. 3). In conventional 

AD, the NED was observed in the cytoplasm of 

glandular tumor cells (Fig.3 A, B, C & D). Signet 

ring cell and mucinous AD also had positive NED 

(Fig.3 E & F). 

 
Figure 3. Colorectal AD with positive NED in histological types: conventional AD with scale bar 100 

µm (A & C), conventional AD with scale bar 50 µm observing NE cells within glands of tumor (arrow) 

(B & D), in mucinous AD with scale bar 100 µm, the NE cells also found in glandular tumor (E) signet 

ring cell AD (arrow) with scale bar 50 µm (F), these cells had positive CGA stain. 
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The colorectal mucosa nearby the tumor 

revealed negative NE cell hyperplasia. Negative NE 

cell hyperplasias have the same behavior as the 

normal mucosal samples with the normal 

percentage (1%) of enteroendocrine cells within 

glandular epithelium of the normal colon as shown 

in (Fig. 4 A). The increasing numbers of NE cells in 

normal mucosal layer nearby the tumors 

(hyperplasia) were found in (Fig. 4 B, C & D). 

These cells containing more than 5 cells per gland, 

or at least two linear chains / mm or one 

micronodule. 

 
Figure 4. NE cell (arrow) in normal colonic mucosa nearby carcinoma with scale bar 50 µm (A).  

Colonic mucosa with NE cell hyperplasia with scale bar 100 µm (B),  NE cell hyperplasia; (double 

head arrow) are these cells containing more than 5 cells per gland, or at least 2 linear chains/mm or 

one micronodule, scale bar 50 µm (C & D).  

 

Table 2 demonstrates the relationship of NE 

cell hyperplasia with NED. Thirty seven out of 47 

cases revealed negative expression of CGA in 

normal and tumor cells.  By contrast, 29 cases from 

34 had positive CGA expression in both normal and 

tumor cells. The increasing number of NE cells in 

normal mucosal layer nearby the tumors 

(hyperplasia) seemed to have a significant 

relationship (P< 0.001**) with NED in CRC.  

 

 

Table 2. Relation of NE cell hyperplasia with NED 

NE cell Hyperplasia 

NED 
Total  

P-value 
Positive Negative 

No. % No. % No. % 

Negative 10 12.3 37 45.7 47 58.0 
< 0.001* 

Positive 29 35.8 5 6.2 34 42.0 

Total 39 48.1 42 51.9 81 100  

* Chi square. P-value is significant, P≤0.05 

 

Table 3 shows the absence of correlation 

between clinicopathological factors and NED, with 

the exception of tumor that metastasizes to other 

tissues and organs (distant metastasis) (P= 0.049). 

Also, there is relative correlation between local 

invasion beyond the mucosal wall, lymph node 

invasion and increasing CGA expression, but this 

increase was statistically non-significant. Among 65 

cases from conventional AD, 31 cases (79.5%) had 

positive NED. In mucinous and signet ring cell AD 

half of cases showed positive NED.  Regarding the 

grade of tumor, it did not show any correlation with 

the NED. 
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Table 3. Association the clinicopathological findings with NED in CRC. 
 

Histopathological Finding 

NED  

Total 

 

P-value Positive Negative 

No. % No. % No. % 

 

Gender 

Male 23 59.0 29 69.0 52 64.2 0.345* 

Female 16 41.0 13 31.0 29 35.8 

Age 

 

<60 24 61.5 17 40.5 41 50.6 0.058* 

≥60 15 38.5 25 59.5 40 49.4 

 

Tumor site 

Colon 20 51.3 21 50.0 41 50.6 0.908* 

Rectum 19 48.7 21 50.0 40 49.4 

 

Histological 

Types 

Conventional AD 31 79.5 34 81.0 65 80.2 0.918** 

Mucinous AD 6 15.4 5 11.9 11 13.6 

Signet ring cell AD 2 5.1 3 7.1 5 6.2 

 

Grade 

Well 1 2.6 1 2.4 2 2.5  

0.733** Moderate 33 84.6 38 90.5 71 87.7 

Poor 5 12.8 3 7.1 8 9.9 

 

TNM Stage 

I 2 5.1 7 16.7 9 11.1 0.062** 

II 10 25.6 14 33.3 24 29.6 

III 23 59.0 21 50.0 44 54.3 

IV 4 10.3 0 0 4 4.9 

Local Invasive 

Depth 

T2 4 10.3 8 19.0 12 14.8 0.239** 

T3 31 79.5 33 78.6 64 79.0 

T4 4 10.3 1 2.4 5 6.2 

Lymph Nodes Non involved 13 33.3 21 50.0 34 42.0 0.129* 

Involved 26 66.7 21 50.0 47 58.0 

Distant 

Metastasis 

M0 35 89.7 42 100 77 95.1 0.049** 

M1 4 10.3 0 0 4 4.9 

Total 39 100 42 100 81 100  
* Chi square, **Fisher exact test. P-value is significant, P≤0.05 

 

Expression of VEGF in CRC was positive in 51 

cases (63 %), whereas the other 30 cases (37%) 

displayed negative expression (Fig. 5).  

                

 
Figure 5. Frequency and percentage of VEGF 

expression in CRC patients. 

 

VEGF showed negative expression in the 

cytoplasm of tumor cells in conventional AD (Fig. 6 

A). Positive expression of VEGF was found in the 

cytoplasm of tumor cells in conventional AD (Fig. 6 

B & C) and in signet ring cell AD (Fig. 6 D).  
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Figure 6. Colorectal AD with VEGF expression in: Conventional AD had negative expression, scale 

bar 50 µm (A), conventional AD with strong expression, scale bar 100 µm (B), conventional AD with 

positive expression in cytoplasmic granules within tumor cells, scale bar 50 µm (C), signet ring cell AD 

with strong expression of VEGF, scale bar 50 µm (D). 
 

The clinicopathological findings association 

with VEGF expression is manifested in Table 4. 

None of the gender, age, and tumor site has a 

relation with VEGF expression. All cases of signet 

ring cell 5 cases (9.8%) revealed positive VEGF 

expression. About two third of mucinous AD cases 

(8 out of 11) had positive expression for the VEGF. 

Conventional AD of CRC revealed high positivity 

rate of VEGF 38 cases with the percentage of 

(74.5%). The variation in expression of VEGF 

among histological type did not show any 

significant effect. VEGF is highly expressed within 

each group of tumor grade without any statistical 

significant. Expression of VEGF showed great 

relationship with TNM stage, it increased toward 

the progression of tumor stage (P= 0.006). This 

means that only one case in stage I had positive 

expression of VEGF, whereas in stage II and III the 

expression of VEGF increased as 16 (31.4%) and 

31(60.8%) respectively. The majority, 3 cases out of 

4 of stage IV were positive for VEGF. Local 

invasion to the colorectal wall (P=0.001) as well as 

lymph node invasion (P= 0.040) were expressed 

VEGF with statistical significant.  
             

  Table 4. Association the clinicopathological findings with VEGF expression in CRC. 

Histopathological Finding 

VEGF 
Total 

P-value Positive Negative 

No. % No. % No. % 

Gender 
Male 33 64.7 19 63.3 52 64.2 

0.901* 
Female 18 35.3 11 36.7 29 35.8 

Age 
<60 26 51.0 15 50.0 41 50.6 

0.932* 
≥60 25 49.0 15 50.0 40 49.4 

Tumor site 
Colon 28 54.9 13 43.3 41 50.6 

0.315* 
Rectum 23 45.1 17 56.7 40 49.4 

Histological Types 

Conventional AD 38 74.5 27 90.0 65 80.2 
 

0.182** 
Mucinous AD 8 15.7 3 10.0 11 13.6 

Signet ring cell AD 5 9.8 0 0 5 6.2 

Grade 

Well 2 3.9 0 0 2 2.5 

0.174** Moderate 42 82.4 29 96.7 71 87.7 

Poor 7 13.7 1 3.3 8 9.9 

TNM Stage 

I 1 2.0 8 26.7 9 11.1 

0.006** 
II 16 31.4 8 26.7 24 29.6 

III 31 60.8 13 43.3 44 54.3 

IV 3 5.9 1 3.3 4 4.9 

Local Invasive 

Depth 

T2 2 3.9 10 33.3 12 14.8 

0.001** T3 46 90.2 18 60.0 64 79.0 

T4 3 5.9 2 6.7 5 6.2 

Lymph Nodes 
Non involved 17 33.3 17 56.7 34 42.0 

0.040* 
Involved 34 66.7 13 43.3 27 58.0 

Distant Metastasis 
M0 48 94.1 29 96.7 77 95.1 

1.000** 
M1 3 5.9 1 3.3 4 4.9 

Total 51 100 30 100 81 100  

* Chi square, **Fisher exact test. P-value is significant P≤0.05 
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Other histological findings like 

desmoplastic reaction, lymphocytic, and 

macrophages infiltration in correlation with CGA 

and VEGF expression are illustrated in Table 5. 

Desmoplastic reaction had significant difference 

(P= 0.003) with NED only. Other histological 

changes did not contribute to the expression of both 

CGA and VEGF in the tumor cells. 

                

Table 5. Correlation of histological changes with 

neuroendocrine differentiation in CRC 

Histological changes 
CGA 

Expression 

VEGF 

Expression 

Desmoplastic 

reaction 

Pearson 

Correlation 

Sig. (2-

tailed) 

0.323
** 

0.003 

-0.125 

0.266 

Lymphocytic 

infiltration 

Pearson 

Correlation 

Sig. (2-

tailed) 

-0.023 

0.840 

0.112 

0.321 

Foamy 

macrophages 

Pearson 

Correlation 

Sig. (2-

tailed) 

-0.017 

0.877 

0.057 

0.615 

*: Correlation is significant at the 0.05 level (2-tailed), **: 

Correlation is significant at the 0.01 level (2-tailed). 

 

The relationship between NED and VEGF 

is shown in Table 6. About 26 cases (32.1%) 

revealed positive expression of both NED and 

VEGF, whereas 17 cases (21.0%) had negative 

cytoplasmic staining for both IHC markers. This 

means that concomitant correlation is 65% and the 

positive staining in both NED and VEGF increases 

about 11.1% than the negative expression, but this 

increasing; statistically did not have any impact (P= 

0.506).           

 

Table 6. Association of NED with VEGF in CRC 
VEGF NED  

Total 

 

P-

value 
Positive Negative 

No. % No. % No. % 

Positive 26 32.1 25 30.9 51 63  

0.506* 
Negative 13 16.0 17 21.0 30 37 

Total 39 48.1 42 5.1.9 81 100 

*Chi square. P-value is significant P≤0.05 

 

Discussion: 
           There are many IHC markers used to 

demonstrate the expression of NED, like CGA, 

neuron specific enolase and synaptophysin (16). 

NED is not common finding in CRC; it can be used 

as a helpful marker for prognosis, especially after 

the surgical therapy (18). This study assessed the 

frequency of NED in tumor tissues, 42 cases were 

negative NED, while NED was expressed in 39 

(48.1%) cases. Gulubova and Vlaykova (19); Chen 

et al. (20) have detected NED differentiation in 

approximately 34.3%, 51.4% of colorectal cancer.  

The study also assessed the frequency of 

NE cell hyperplasia in normal colonic mucosa 

nearby tumor, 34 cases were positive NE cell 

hyperplasia and 42 cases were negative.  

In the present study the increasing number of NE 

cells in untransformed glands has marked 

correlation with the NED in colorectal AD. The NE 

cell hyperplasia in the normal glands may be the 

result from either observing or diffusing these 

granules in hyperplastic cells to the tumor cells, or 

from diffusing these granules from tumor cells 

toward the normal cells. 

A number of hypotheses were proposed to 

detect the ancestry of NE cell hyperplasia and NE 

differentiation in CRC (21). They assumed that NE 

differentiation arises from cells containing 

neurosecretory granules known as ‘amine precursor 

uptake decarboxylase’ (22), which resulted from 

neural crest cells. La Rosa et al. (11) have 

mentioned that NE cells in the tumor are 

responsible for production of some growth factors. 

The NE cells in the tumor tissue exhibits some 

behaviors unlike those in the normal colon (19). 

According to abnormal behavior in tumor cells, NE 

cells are organized as adjacent to each other. Losing 

the ‘Notch’, which is the signal pathway of the cell 

surface protein, prevents adjacent cells from 

differentiating into NE cells by lateral inhibition in 

normal colonic cells (23).  

Other studies attributed that this 

neuroendocrinal differentiation in CRC are 

produced as a result of final dedifferentiation of 

typical AD, on the basis of ‘divergent 

differentiation’ model (24). This model postulates 

that AD cells give rise to neuroendocrinal 

differentiation in response to changes in the 

hormonal and growth factor of micro-environmental 

milieu by the process of trans-differentiation (25).  

The restriction of NE cell hyperplasia with 

the inflammatory bowel disease and the long-

standing inflammation probably represent 

prompting for endocrine cell growth (25). 

In an antecedent study, the polypeptide 

hormones and biogenic amines that were produced 

in NE cell vesicles played a critical role in the 

growth regulation of intestinal epithelia in both 

normal and neoplastic tissues (26). El-Salhy et al. 

(27) proposed that in irritable bowel syndrome 

associated with inflammation, the immune cells will 

produce cytokines and other substances that make 

modulation in mature endocrine cell behavior and 

even in the stem cells of the gastrointestinal tract. 

As a result, this will affect the differentiation and 

colonogenic activities of these stem cells. 
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Furthermore, the expression of certain hormones in 

mature endocrine cells will switch off and other 

unfavorable hormone productions will switch on. 

These changes will affect the proportion of different 

types of endocrine cells and the total density of NE 

cells. 

The restriction of NE cell hyperplasia with 

the inflammatory bowel disease and the long-

standing inflammation probably represent 

prompting for endocrine cell growth (28). Increased 

releasing of NE cells secretion is usually associated 

with inflammation of colonic mucosa. Also patients 

with inflammatory bowel disease are at increased 

risk of CRC (29). This situation has been mentioned 

by Wang et al. (30) in which they demonstrated that 

mice induced with colitis could result in 

neuroendocrine cell hyperplasia. Conversely NE 

cell hyperplasia could result from tumor cells that 

secret some growth factors, these growth factors 

liberated from tumor cells may enhance 

desmoplastic reaction and angiogenesis, and 

subsequently leading to symptoms appearance (11).  

  Many studies utilized the conceivable 

relation between the existence of NE changes 

(hyperplasia and differentiation) in colorectal 

carcinomas and the prognosis. In the present study 

tumor with distant metastasis correlated to poor 

prognosis (P= 0.049), these findings are 

conformable with data of many authors like Chen et 

al. (20); Volante et al. (31); Liu et al. (32), in which 

they found that NED correlated to stage of tumor. 

Volante et al. (31) found that distant metastasis in 

CRC have more percentage of NED when 

compared to primary tumor.  

Other findings haven’t manifested a 

significant relationship between the presence of 

NED and the appearances of carcinoma and 

prognosis (33, 34). The number of cases used in this 

study played an important role, even the distribution 

number; as more than two thirds (87.7%) of the 

patients had grade II tumor.   

The biological mechanisms depended on 

poorly differentiated CRC from NED and 

metastasis remained inconspicuous. Theoretically, 

NED could induce the growth and the metastatic 

ability via the neurohormonal material secretion 

(20).  

VEGF was positive in 63 % in the current study. 

High expression of VEGF in colorectal carcinoma 

was recorded by Kamel et al. (14) with a percentage 

of 94.7. While Zlobec et al. (35) and Ismail (36) 

found that 47% and 61.81% had positive expression 

of VEGF in CRC, respectively.  

Expression of VEGF relationships do not 

have any effects on clinicopathological factors like 

gender, age, location and the histological types of 

tumor, as well as tumor grade. However, there is 

correlation between VEGF with the TNM stage and 

the local and lymph node invasion. This situation is 

identical to what some authors have reached (14).  

The VEGF is a positive regulator of 

angiogenesis; therefore, it plays a key role in tumor 

angiogenesis. This marker has been expressed with 

high percentages in several types of tumors 

including CRC (14, 37).   

Furthermore, the relationship of histological 

changes with NED and VEGF in CRC was 

investigated. It was revealed that only desmoplastic 

reaction has an association with NED. This, 

perhaps, interprets the stimulation capacity via 

providing ground for the NED to grow and 

metastasize to other tissues of the body. The 

expression of VEGF was high 26 (32.1%) in cases 

that showed NED, but this increasing was non-

significant statistically (P = 0.506). Tumors with 

positive expression for VEGF containing VEGF-

positive NE cells have elevated ratio of 

vascularization, which perhaps participates to the 

unfavorable prognosis of patients (19). Ismail (36) 

cited that there was highly significant correlation 

between matrix metalloproteinases (MMPs) and 

VEGF expression in patients with CRC. The 

(MMPs) is a proteolytic enzyme of extracellular 

matrix which plays a role in degradation of various 

proteins of extracellular matrix selectively. This 

event could be supported by collagenases found in 

extracellular matrix component, especially 

interstitial collagenase matrix metalloproteinase -1 

(MMP-1) (12, 38). Therefore, degradation in 

extracellular matrix proteins might assist for the 

easy transference of these growth factors. 

 

Conclusions: 
1. Neuroendocrine cell hyperplasia and 

neuroendocrine differentiation are frequently 

expressed in colorectal adenocarcinoma.   

2. Hyperplasia of neuroendocrine cells may have 

strong linkage in pathogenesis of colorectal 

adenocarcinoma. It needs further study. 

3. Neuroendocrine differentiation and vascular 

endothelial growth factor expression correlate with 

advancing stage of tumor and it can be used as an 

important parameter for poor prognosis of the 

colorectal adenocarcinoma. 
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وعامل نمو بطانة الاوعية الدموية في الخلايا  كلتل يالنسيج طمع الفر العصبية الصم تمايز الغدد ةمقارن

 لقولون والمستقيمسرطان ا

 
خيسار حسين خليل

1
بشار عبدالجبار الحساوي                               

1
جاسم محمد عبدو                           

2
         

 
 .، كلية الطب ، جامعة دهوك ، دهوك، العراقالانسجة علم و حياءلاعلم اوالتشريح قسم  1
 .، العراق ، جامعة دهوك ، دهوك لصيدلة، كلية االصيدلة السريريةقسم  2

 

 الخلاصة:
التي تشمل الجهاز الهضمي. في وتم ذكر تمايز الغدد الصم العصبية في العديد من سرطانات الأعضاء غير الغدد الصماء العصبية ، 

لقولون والمستقيم مع تضخم خلايا الغدد ا سرطانفي بؤريا عن وجود علاقة بين تمايز الغدد الصم العصبية المنتشر  تطرقالمقابل ، لم يتم ال

تمايز  ةولايجاد علاق العصبية. تهدف هذه الدراسة إلى إيجاد العلاقة بين تمايز الغدد الصم العصبية وتضخم خلايا الغدد الصم العصبية ،الصم 

قولون والمستقيم. كانت سرطان ال عامل نمو بطانة الأوعية الدموية مع العوامل الإكلينيكية والنسيجية في عن الغدد الصم العصبية والتعبير

ة المضمنة من النسيجي الكتل يعط. تم تقلقولون والمستقيما طانا بسرضمري واحدة وثمانون تضمنت طرق المستخدمة في الدراسة الحاليةال

معالجتها تلقائياً  ت. وتمVEGF و Chromogranin Aكيميائية ؛ المناعية العلامات كل من البوتم تصبيغها  بالفورمالين لمثبتةاوالبارافين 

ها الشركة المصنعة للجسم المضاد. أظهرت النتائج أن تضخم خلايا الغدد الصم العصبية في الغشاء المخاطي تروتوكولات التي وفروفقاً للب

مع تمايز الغدد الصم العصبية. كانت تمايز الغدد الصم العصبية وعامل نمو بطانة الأوعية  كانت لها علاقةو ٪ 42 من الورم يتألفمن  القريب

الورم  مرحلة ٪ على التوالي. لم تظهر تمايز الغدد الصم العصبية علاقة مع المعلمات الإكلينيكية باستثناء 63٪ و  48.1ابية في الدموية إيج

 تأثير كبير مع مرحلةذو ارتباط عامل نمو بطانة الأوعية الدموية مع نفس العوامل  ةعلاق تإلى الأنسجة والأعضاء الأخرى. وكان تغزو تيال

رد فعل دسموبلاستيك فقط اظهرت ان  الأخرى العقد الليمفاوية. التغيرات النسيجيةالقريبە وانتشاره فی الأنسجة انتشار الورم فی  ةجدر،  الورم

کان  كبير في العلاقة مع التمايز العصبي. توصلت هذه الدراسة إلى استنتاج مفاده أن تضخم خلايا الغدد الصم العصبية معنوي كان لە فرق

 عنترتبط تمايز الغدد الصم العصبية ، والتعبير قولون والمستقيم.سرطان الة يضامرا لە علاقة قوية معوتمايز الغدد الصم العصبية ب اطمرتب

ور طل عامل غير جيد للتنبۆ بتمثي ا يمکن انذواعضاء اخرى ، وه ةوانتشار الورم فی انسج ورطتوعائي إلى حد كبير مع ال البطانة عامل نمو

   .قولون والمستقيمرطان السفي  ضالمر

 

قولون والمستقيم، عامل نمو بطانة الأوعية سرطان التضخم خلايا الغدد الصم العصبية، تمايز الغدد الصم العصبية،  الكلمات المفتاحية:

 .الدموية

 


