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! ! ! ! !Œ
أجریѧѧت الدراسѧѧة الحالیѧѧة علѧѧى ثلاثѧѧة وأربعѧѧون مریضѧѧاً راجعѧѧوا إلѧѧى المستشѧѧفى              

إلѧى آذار   2002مѧن تشѧرین الأول    لأجراء جراحة إزالة أورام المستقیم والقولون للمѧدة 
حالѧѧھ عѧѧدم وجѧѧود الѧѧورم الخبیѧѧث عنѧѧد أجѧѧراء الفحѧѧص النسѧѧیجي        35ظھѧѧرت .  2004

المرضѧѧي بعѧѧد مقارنتھѧѧا مѧѧع الأنسѧѧجة الطبیعیѧѧة المѧѧأخوذة مѧѧن نفѧѧس المѧѧریض بوصѧѧفھا      
أظھѧѧرت النتѧѧائج أن .  IHCسѧѧیطرة لكفѧѧاءة التلѧѧوین وتقیѧѧیم الكیمیѧѧاء النسѧѧیجیة المناعیѧѧة    

لحѧالات أورام المسѧتقیم والقولѧѧون لѧم تتجѧاوز نسѧѧبتھا      P16IN4aي للجѧѧین الفحѧص المنѧاع  
حالѧة إیجابیѧة للجѧѧین    43حالѧة مѧن اصѧѧل   32والتѧي عѧدت سѧѧلبیة فѧي حѧین أظھѧѧرت     % 5

P16IN4a .

Abstract
       This study carried out on Forty-three patients attending 

hospitals for elective surgical resection of colorectal cancer 
(CRC) from October 2002 to March 2004. Thirty-five resection 
margins that histopathologically proved free of malignancy taken 
from the normal tissue of the same patients used as controls of 
staining efficiency and evaluation for immunohistochemistry 
(IHC). p16INK4a immunoexpression in the CRN are less than 5% 
and regarded as negative  while  32 of 43 CRC patients had 
positive reaction for p16INK4a.

Introduction

The cyclin-dependent kinases (CDK) activity is regulated by 
a number of small proteins that physically associate with cyclins, 
CDKs, or their complexes, these are CDK inhibitors and they are 
exist at least in two distinct families of CDK inhibitors in 
mammalian cells: the p21Cip1/ p27Kip1 family and the p16 INK4a /p18
family.The p16INK4a family of CDK inhibitors specifically 
interacts with the D-type cyclin-dependent kinases 4 and 6 
(CDK4 and CDK6). Unregulated phosphorylation of pRb by 



86

QMJ  VOL. 4 No.5  JUNE 2008

CDK4/6 due to loss of functional p16INK4a could lead to 
uncontrolled cellular proliferation (Vassilis et al., 1998).

Materials and methods

Selection of patients and controls

          Patients attending hospitals for elective surgical resection of 
colorectal cancer from October 2002 to March 2004 were suitable 
for this study.From these patients were The Gastroenterology and 
Hepatology Diseases Center, Baghdad Teaching Hospital as well 
as private hospitals. Ethical permission to conduct the research 
was obtained from these hospitals and from all participants in this 
study. Selections of the patients were accomplished with the 
assistance of surgeons in the above mentioned hospitals. This 
study carried out on 43 patients with colorectal carcinomas, 22 
men (51.2%) and 21 women (48.8%) with an average age of 54 
years and a range of 21 to 82 years. Those patients were 29 
(67.4%) above 50 years old and 14(32.6%) patients below   50 
years old. Clinical information were collected through direct 
interview with the patients, and by seeking his /her hospital record 
as well as previous medical history.In addition,Thirty-five 
resection margins that histopathologically proved free of 
malignancy taken from the normal tissue of the same patients 
used as controls of staining efficiency and evaluation for IHC. 
Specialized consultant histopathologist examined the   sections 
with heamatoxylin and eosin (H & E). All these cases were 
subjected to immunohistochemical (IHC) staining protocols were 
carried out for p16INK4a protein immunoexpression. 

Principles of the test

       (Shi et al., 1988; Rainer et al., 1997; George et al., 1998;
Angela et al., 2000): This technique is based on the detection of 
the product of gene expression (protein) in malignant and normal 
cells using specific monoclonal antibodies, i.e. primary antibody 
for specific epitope,  (mouse anti-human monoclonal antibody). 
That then binds to cytoplasmic or nuclear-targeted protein. The 
bound primary antibody then detected by secondary antibody 
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(goat anti-mouse), which contain specific label (Peroxidase 
labeled polymer conjugated to goat anti-mouse 
immunoglobulins). The secondary antibody is then detected by a 
detection system specific for the label 3, 3`-diaminobenzidine 
(DAB) in a chromogen solution. A positive reaction will result in 
a brown-colored precipitate at the antigen site in the tested tissue.

Immunohistochemistry procedures 

       Paraffin embedded sections for the patients and positive 
control were cut into 5 μm thickness, then placed on positively 
charged slides and left overnight to dry at room temperature. The 
slides of the patients and the positive controls placed in a vertical 
position in a drying incubator (hot air incubator) at 65ºC over 
night.Then the slides immersed sequentially in the following 
solutions at room temperature for 5 minutes for each of the 
following: Xylene, Absolute ethanol, 95% ethanol, 70% ethanol 
and Double distilled water (Baukelien et al., 2000).

       The slides were autoclave for 2 minutes at 121º Co in Epitope 
Retrieval Solution. Then the slides removed and placed in diluted 
Washing Buffer jar for 5 minutes after cooling (Bartek et al., 
1999). Two to three drops of peroxidase block were applied to 
cover the whole specimen, and then the slides were placed in a 
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humid chamber and incubated at room temperature for 30 
minutes. 100 µl of the diluted primary antibody or negative 
control reagent applied onto the sections at the time the slides 
placed in a humid chamber and incubated at 37ºC for 1 hour. 
After that, the slides rinsed gently with washing buffer and placed 
in fresh washing buffer bath for 1 minute. One to two drops of 
biotinylated link secondary antibody applied onto the sections 
then the slides placed in the humid chamber and incubated at 
37ºC for 30 minutes. One to two drops of the Streptavidin-HRP 
reagent applied which placed in the humid chamber and incubated 
at 37ºC for 30 minutes. After rinsing of slides DAB-substrate 
chromogen solution was applied to the slides which then 
incubated in darkness at room temperature for 20 minutes. 
Counter-stained with Mayer’s heamatoxylin stain for 1 minute. 
The sections dehydrated by immersing the slides sequentially in 
ethanol and xylene containing jars. 1-2 drops of DPX applied onto 
the xylene-wet sections, and the sections quickly covered with 
coverslips and left to dry overnight (Angela et al., 2000).

Evaluation of the immunostaining

(Judith et al. 2000; Zhao et al., 2003; Sarkis et al., 2001)

We count the stained cells with the assistance of   histopathologist 
who has experienced in order to avoid non-tumorous areas in the 
sections. For each set of test conditions we included two types of 
control specimens: Positive tissue control and negative control 
(containing monoclonal mouse IgG2a anti Aspergillus niger 
glucose oxidase) contains an antibody that exhibits no any 
specific reactivity with human tissues. Scoring: reactivity was 
evaluated by counting the number of positive and negative cell 
nuclei in several randomly selected fields in each section. Tumor
reactivity was expressed as the marker percent (i.e., the number of 
stained tumor cells per 1000 cells in each section). More than 
1000 cells evaluated under 40 X high power field and the 
percentage of positive cells was calculated (Nakamura et al., 
1998).
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The p16INK4a intensity of positivity scored as (Zhao et al., 2003):
Less than 5 % expression as negative (cutoff value), 5-25 % 
expression as (+), 26-50 % expression as (++), 51-75 % 
expression as (+++) and More than 75 % expression as (++++)

Results
       The immunoexpression of p16INK4a in the thirty-five normal 

colorectal sections were below the used cutoff value (< 5%) and 
they regarded as negative (Zhao et al., 2003). The descriptive 
statistic of the normal colorectal tissue immunoexpression for 
p16INK4a is shown in table 1 & Figure 1.

       Thirty-two of 43 CRC patients (Table 2 & Figure 2) had 
positive reaction for p16INK4a, Mann-Whitney test was used (table 
3 & figure 3) to detect the degree of significance in 
immunoexpression of p16INK4a in CRN and CRC, their expression 
in CRC more than in CRN tissue by means of p value <0.001

Table 1: The Descriptive Statistic of The Immunoexpression of 
           p16INK4a Expression in The Colorectal Normal Tissue
         (CRN) and Colorectal Cancer (CRC) .

Descriptive data for p16INK4a

Markers CRN n = 35
CRC n = 46

Mean
1.91 31.93

Std. Error of Mean 0.24 4.50

Std. Deviation 1.42 29.53

Table 2: The Percentages of The Immunoexpression of p16INK4a

              InThe Colorectal Cancer (CRC) Patients. 

p16INK4a

Immunoexpression

Pos. % Neg. %
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Table 3: The Mean Ranks of the Immunoexpression of p16INK4a       
in the Colorectal Normal Tissue (CRN) and Colorectal 
Cancer (CRC) According to Mann-Whitney Test.

Marker CR group No. Mean 
ranks

P value

p16INK4a CRN 35 27.13 <0.001
CRC 43 49.57

Figure 1: The Distribution of p16INK4a Immunoexpression in The 
Colorectal Normal (CRN) Specimens.

Total

(n=43)

32 74.4 11 25.6
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Figure 2: The Distribution of p16INK4a Immunoexpression in The 
Colorectal Cancer (CRC) Patients.
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Figure 3: The Mean Ranks of p16INK4a Immunoexpression in 
Colorectal Normal (CRN) and Colorectal Cancer 
Tissue According to Mann-Whitney Test.

Discussion

       Haber in 1997 and Al-Mohanna et al. in 2004 understood that 
p16INK4a consists of 156 amino acids, a major cyclin dependent
kinase (CDK) inhibitor, and it is the product of a tumor-
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suppressor gene that has been found inactivated in different 
cancer types. The p16INK4a gene has been found homozygously 
deleted, mutated, or transcriptionally inhibited by methylation in a 
large number of different human tumor types.

We showed that 14.3 % of the normal colorectal tissue had no 
immunoexpression and the other slides have < 5 percentage 
immunoexpression and regarded as negative. All the p16INK4a -
positive cells have nuclear immunoexpression of p16INK4a while in 
some of the tumor cells showed residual p16INK4a 

immunoexpression in the cytoplasm of cells, whereas the rest of 
the cells (that regarded negative) showed only minimal or no 
staining at all. This finding goes with other study done by Richard 
et al. in 2000 that did immunohistochemistry (IHC) for colorectal 
tissue and revealed that all normal samples were essentially 
p16INK4a negative, with only few scattered positive cells along the 
crypt axis with no specificity. The absence of staining was not due 
to methodological problems, since Jung et al. in 2001 who studies 
p16INK4a immunoexpression in colorectal cancer patients observed 
the same results.        In study of CRC patients Tomlinson et al., in
1998 and Ahuja et al., in 1997 have observed loss of 
heterozygosity in the p16INK4a locus in 38% of CRCs and 
hypermethylation of the p16INK4a gene in 34% of cases.

       The p16INK4a methylation causes gene silencing and loss of 
p16INK4 tumor suppressor function in colorectal tumors was 
associated with proximal location in the gut. Thus, reflect the 
difference in the loss of p16INK4a protein expression by promoter 
methylation between left- and right-sided primary colorectal 
carcinomas (Regine et al., 2003).

       When we compared this result with the CRC, this study find 
74.4% have positive reaction after IHC staining, most of them 
with high immunoexpression score. In other studies Nadir et al.,
in 1999 found that the most common alteration involved an 
increase in the p16INK4a protein immunoexpression in 92% of the 
adenomas and 91% of the adenocarcinoma.This can be discussed 
if we know that p16INK4a is a tumor-suppressor protein and 
increased in relation to increase of proliferation rate in attempt to 
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over come this increasing cell cycle rate in colorectal tissue, and 
presence of p16INK4a genetic alterations was associated with 
shorter survival in CRC patients (Esteller et al., 2001; Isrid et al., 
2001). In addition, The CDKN2/ p16INK4a gene product has been 
found to them nonfunctional in a high percentage of cell lines 
(75%) and various malignancies (Cairns et al., 1994).

Richard et al. in 2000 suppose that decrease in the proliferation 
rate was correlated with a p16INK4a up-regulation and CRC lacking 
p16INK4a immunoexpression or tumors with other aberrations in 
the p16INK4a /cyclin D1/pRb pathway had a less pronounced 
decrease in proliferationThis study was verified the p16INK4a

immunoexpression in human colorectal tissue including, 
colorectal normal (CRN) and colorectal cancer (CRC). An 
interesting point found that p16INK4a significantly have high 
immunoexpression in CRC than in normal colon (CRN) by means 
of p value <0.001. 

       Toyota et al., in 2000 subdivided colorectal cancer into two 
major groups that generate molecular diversity using different 
pathways (genetic or epigenetic). The molecular progression 
pathway to colorectal cancer starts with a single cell that has 
acquired a genomic alteration, which provides a growth and 
survival advantage to that cell and its progenitors. A typical 
genomic alteration would be the somatic mutation of a gene 
critical to the control of cell growth or death. Somatic gene 
mutations are the consequence of DNA point mutations, DNA 
rearrangements, amplifications, or deletions. Ahuja et al.
concerned in 1997 that the mutation, whatever the form, might 
result in the inappropriate activation or deactivation of the gene.    
    Critical gene functions also may be deregulated by mechanisms 
other than mutation, such as inappropriate gene promoter 
methylation. This epigenetic gene regulation is essential to normal 
cell growth and differentiation. Abnormal DNA methylation, both 
hypomethylation and hypermethylation, is common in colorectal 
cancer. Chen et al. in 1998 detected that hypomethylation of a 
gene promoter will lead to inappropriate over transcription of the 
gene or elevated mutation rates. Whereas Thiagalingam et al. in 
1996 found that aberrant, hypermethylation of the promoter will 
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lead to the silencing of the transcription. Thiagalingam et al.
noticed in 1996 that microsatellite instability (MSI) positive 
cancer is linked to DNA hypermethylation. Therefore, 
hypermethylation of the promoter will lead to transcriptional 
silencing.
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