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colorectal cancer, colorectal adenocarcinomas were assessed by immunohistochemistry
Immunohistochemistry, Prognostic and flow cytometry. Statistical analysis evaluated the correlation of
factor, S phase fraction, DNA ploidy. marker expression with clinicopathological variables and with the

expression of other markers. Results:- Survivin and COX-2
cytoplasmic immunoreactivity was detected in 65% and 73%
respectively of the studied adenocarcinomas. Flow cytometry revealed
that 62% of carcinomas were aneupliod and 47% had high SPF. COX-
2, DNA aneuploidy and high SPF showed significantly association with
lymph nodes (LN) involvement and Dukes’ stage (P = 0.04, P = 0.02
and 0.03, respectively for LN and P = 0.03, P = 0.01 and 0.04,
respectively for Dukes’ stage). DNA aneuploidy was positively
associated with histological grade (P = 0.03). High SPF and DNA
aneuploidy were positively associated with tumor localization (P = 0.03
for both). COX-2 displayed positive association with survivin
expression and with recurrence (P = 0.04 and P = 0.02 respectively).
High SPF significantly associated with survivin, COX-2 and DNA
ploidy (P = 0.005, P = 0.004 and 0.02, respectively). The expression of
more markers by each carcinoma was positively correlated with LN
involvement (P = 0.04) and advanced stage (P = 0.001). Conclusions:
Our analysis demonstrate that the score of markers co-expression
correlates significantly with the poor prognosis of patients with
colorectal adenocarcinomas.
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Introduction:-
Colorectal malignancy is included as one from the most common malignancy around the world, and is regarded as
one of the major reasons of cancer related mortality [1]. The growth and development of colorectal carcinoma
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proceeds via sequences of multistep genetic alterations including the stimulation of caner causing genes and damage
of tumor suppressor genes. The majority of colorectal carcinomas develop on top of dysplasia of benign adenomas
that progressively enlarge and transform into a villous adenomas. The continuous gathering of genetic changes (e.g.,
DCC, ras ,p53, and DCC) drive the evolution of normal colonic and rectal epithelium to adenoma as well as the
transformation to dysplasia and malignant adenocarcinoma [2].

Despite the progresses in surgical techniques and adjuvant chemotherapeutic regimens have decreased the earlier
elevated local recurrence rates of colorectal cancer and have provided patients with better survival [3], many patients
presented with local recurrences or distant metastasis following seemingly curative surgical operations resulting in
low survival [4]. Evaluation of prognostic molecular factors that is linked to a certain prognostic outcome would as a
result, be helpful for detection of cases who are probable to improve with adjuvant treatments, resulting in better
prognosis [5].

Survivin is considered to be one of the members of the group of inhibitor of apoptosis protein (IAP). It is involved in
controlling the physiological development of embryonic cells and monitoring the cycle of the cell, with double jobs
that block apoptosis and stimulates cellular multiplying. Overexpression of survivin stops apoptosis via several
mechanisms, which is favorable to the divisions of abnormal cell and promotes neoplastic transformation [6-8].

The fetal tissues and majority of neoplastic tissues show expression of survivin while; negative expression is
detected in normal mature tissues. Survivin displays highly discriminating positive expression in malignant
neoplasms, and its expression is associated with the high cellular proliferative activity, the resistance of neoplasms
to cancer therapy, high metastatic capability of tumors, high recurrence potential, and the unfavorable outcome of
patients. As a result, survivin had considered to be an important diagnostic marker for wide variety of tumors and a
molecular target for successful cancer therapy [9-11].

Cyclooxygenases are important enzymes that catalyze the cellular alteration of arachidonic acid to prostaglandins. In
humans, two types of cyclooxygenase enzymes have been detected, the constitutive form COX-1 and the inducible
form COX-2 [12]. The upregulation of COX-2 in transformed tissues and in several types of malignancy is proved
by epidemiological and experimental studies, and as a result, it is essential in neoplastic transformations. It is
approved that expression of COX-2 is implicated in differentiation, angiogenesis and apoptosis of the neoplasms.
[12, 13] Many researches have revealed that the expression of COX- 2 occurs at high levels in 80-90% of the
adenocarcinomas of colon and rectum. [14, 15], and selective suppression of COX-2 decrease tumourigenesis of the
colon and rectum in various carcinogenesis models [16].

DNA ploidy and S-phase fraction (SPF) measured flow cytometry, are significant and independent prognostic
factors in patients suffering from colorectal carcinoma [17]. Most investigators [18-20] agree that there is
association between the presences of aneuploid cell populations by flow cytometry and unfavorable outcome.

We aimed to study the co-expression of immunohistochemical staining of survivin and COX-2 proteins, DNA
ploidy and the proliferative activity using SPF in colorectal carcinomas and their correlation with patient’s
clinicopathological characteristics to assess their prognostic value.

Materials and Methods:-

Patients and Tissue Samples:-

Our research was done at the Departments of Pathology and Surgery, Faculty of Medicine, University of Zagazig in
the period from January 2012 to May 2016. One hundred neoplasms were obtained from patients with primary
sporadic colorectal carcinoma. The age, the sex, the location of the tumor, Dukes’ stage and other
clinicopathological variables were gotten from surgical and pathological sheets. All of the cases had no history of
hereditary colon cancer syndromes. There was no chemotherapy or radiation given to the cases before the operation;
but after surgery, patients with stage 111 tumor and stage IV tumor received chemotherapy without any radiation for
both colon and rectal cancer. The committee of ethics of Zagazig University approved this research and all patients
gave a consent of agreement prior to their inclusion in the research. All samples were fixed with formalin and
implanted into paraffin, the blocks were sectioned at 3- microns and stained with ordinary H&E stain to confirm the
diagnosis and grade the neoplasms.
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Immunohistochemical Staining:-

The Sections of 3-um thick were cut from paraffin blocks of the collected colorectal neoplasms. Sections were
deparaffinized and rehydrated and deposited in 0.5% hydrogen peroxide in methanol for 10 min to stop endogenous
peroxidase activity. Antigen retrieval was achieved by keeping in 0.01 M citrate buffer (pH 6.0) for 5 minutes in a
pressure cooker. The primary antibodies were added to the sections at room temperature for 60 min. The strept
avidin-biotin-peroxidase complex technique was applied for antibodies aganist survivin (monoclonal anti-survivin
antibody, Clone 12C4, Code M3624, Santa Cruz Biotechnology, Santa Cruz, California, USA, Dilution 1:100) and
aganist COX-2 (rabbit polyclonal Anti- COX-2, RB-9072-R1; Lab Vision corporation, Neo Markers, Dilution
1:200), by utilizing diaminobenzidine (DAB) as the chromogen. Negative control slides in the lack of primary
antibody were considered for each staining. A colon carcinoma, which intensely expressed survivin mRNA by RT-
PCR [21], was considered as a positive control. As a positive control for COX-2, we used a normal Kidney tissue or
an intestinal metaplasia.

Scoring Criteria for survivin:-

According to previously described reports [22,23], the mean proportion of positive carcinoma cells in at least five
fields using high power was established and allocated to one of five groups: (1) 0, <5%; (2) 1, 5% to 25%; (3) 2,
25% to 50%; (4) 3, 50% to 75%; and (5) 4, >75%. The intensity of survivin immunostaining was recorded as (1)
weak, 1+, (2) moderate, 2+; and (3) intense, 3+. The proportion of positive tumor cells and staining intensity were
multiplied to get a final score for each neoplasm. In neoplasm showing heterogeneous immunostaining, the
predominant staining pattern was evaluated for scoring. Neoplasms having final scores < 1 were described as
negative; the rest of neoplasms were stated as positive.

Scoring Criteria for COX-2:-

For COX-2 evaluation [24], intensity of immunostaining was scored as 0 (negative), 1 (weak), 2 (medium), and 3
(strong). Extent of immunostaining was assessed as 0 (0%), 1 (1-25%), 2 (26— 50%), 3 (51-75%), and 4 (76—-100%)
depending on the proportions of areas with positive immunostaining in relation to the entire tumor area. The sum of
the intensity and extent score was used as the final staining score (0 —7) for COX-2. Neoplasms were recorded as
positive when having a final immunostaining score > 2.

For flow cytometry:-

Two to four 50 um sections for DNA FCM were located into glass tubes. The neoplastic tissue for FCM was first
deparaffinized by using two bathes of toluene (10 minutes, each), Rehydration in gradually decreasing
concentrations of alcohols for 10 minutes in each grade. At the end, the tissue was washed in refined water. The
tissue was then milled with blades and yielded to 0.5% pepsin digestion for half an hour. Then, the cells were taken
with a syringe and filtered with using a 50-pum filter mesh and put on a two layer sucrose cushion to remove the
debris. ANAse and propidium iodide were put for half an hour prior to the process. The sample then analyzed with a
flow cytometer equipped with an argon laser light beam (wavelength 488 nm.) [25].

DNA Quantitation and S- phase fraction Estimation:-

The machine computes the DNA index (DI), coefficient of variation (CV) and cell cycle indices including S-phase
fraction (SPF). For each slide, 20 lymphocytes were used as an internal diploid DNA content standard for that slide.
At least 200 nuclei which is non-overlapping from each slide were then measured. Peak statistics are depended on
employer distinction of the histogram. The CV of each peak is measured in the standard deviation of demarcated
peak divided by the mean. Histograms were considered as uninterpretable for ploidy if the CV for the DNA diploid
GO/G1 peak was > 8. The histograms were regarded as diploid when a solitary peak present at the diploid position
(DI range 0.90- 1.10) and less than 15% of cells were present at the tetraploid position. If an extra distinct peak was
detected, the lesion will be categorized into one of the 5 non-diploid groups based on DI. Thus the lesion will be
regarded as DNA hypodiploid for DI1<0.9, hyperdiploid for DI in the range of 1.1-1.90 tetraploid for the DI in the
range of 1.9-2.10 and hypertetraploid for DI more than 2.10 .If more than one non-diploid peak was detected, the
lesion will be categorized as multiploid. For tetraploid lesion, the extra peak should be detected in the teraploid
region and should have >15% of cells in the presence of identifiable G2/M peak. The aneuploidy term is used to
designate hypodiploid, hyperdiploid and hypertetraploid subgroups of nondiploid tumors as single category.
According to Taylor and associates (26), S-phase >5 % was considered hyperproliferative and <5% was considered
as normoproliferative.
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Statistical Analysis:-

Analysis of the result was done by using SPSS, version 10.0 (SPSS, Inc., Chicago, IL, USA). Categorical data were
expressed as frequencies (and percentages) and continuous data were expressed as the mean * standard deviation.
The chi-square test was used to assess any possible association among survivin immunoexpression, COX- 2
immunoexpression, ploidy of DNA and the fraction of S phase and the clinicopathological variables. Statistical
significance was reflected for P values < 0.05.

Results:-

Clinicopathological results:-

The mean age of the studied 100 colorectal adenocarcinomas patients at initial surgery was 59 +10 years, rang (40-
75years), 70% were males and 30% were female, 31% were proximal tumors and 69% were distal tumors. All
colorectal carcinoma patients’ clinicpathological variables are outlined in Table 1.

Table 1:- Clinicopathological characteristics of 100 patients with colorectal cancer.

Characteristic No. of patients (%)
Age (years)
Mean £ SD 59 +10
Median (Range) 58 (40-75)
Age
<65years 49 (49%)
>65 years 51 (51%)
Sex
Male 70 (70%)
Female 30 (30%)
LN involvement
No 55 (55%)
Yes 45 (45%)
Histolopathological grade
11l 71 (71%)
1] 29 (29%)
Distant metastasis
No 68 (68%)
Yes 32 (32%)
Dukes’ stage
AB 47 (47%)
C,D 53 (53%)
Localization
Proximal tumors 31 (31%)
Distal tumors 69 (69%)
Recurrence
Yes 36 (36%)
No 49 (49%)
Unknown 15 (15%)

Immunohistichemical Expression of Survivin in Colorectal Carcinomas:-

Survivin immunoreactivity was expressed mainly in the cytoplasm of adenocarcinomas cells but minimal nuclear
reactivity was also seen in a few cases. In contrast, no survivin expression was identified in either the tumor stromal
cells or in the nearby normal mucosa (Fig.1). Based on final scores, 65 (65%) colorectal carcinomas were
considered as Survivin positive and 35(35%) colorectal carcinomas were described as Survivin-negative (Table 2).
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Immunohistichemical Expression of COX-2 in Colorectal Carcinomas:-

Immunohistochemical staining of the colorectal cancer specimens revealed that COX-2 expression was restricted to
the carcinoma cells and was not demonstrable in the stromal compartment of the cancers. Immunostaining pattern of
COX-2 within the tumors was mainly in the cytoplasm, adjacent non neoplastic colonic mucosa was negative for for
COX-2 immunoexpression (Fig. 2). 73 of 100 (73%) colorectal carcinomas analyzed, revealed expression of COX-2
immunoreactivity (Table 2).

© BC)

Fig. 1:- Representative samples of survivin immunoexpression in colorectal carcinoma. (a) Normal colonic
mucosa displayed no expression of survivin. (x 200) (b) Colorectal carcinoma Gl-1lI showed diffuse moderate
survivin immunoreactivity (x 200). (c) Colorectal carcinoma G Il showed diffuse intense survivin
immunoreactivity (x 400). (d) Colorectal carcinoma GlII showed diffuse intense survivin immunoreactivity (x
400).
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Fig. 2:- Representative samples of COX2 immunoexpression in colorectal carcinoma. (a) Normal colonic
mucosa exhibited negative expression of COX-2. (d) Colorectal carcinoma GIl displayed weak
immunohistochemical staining for COX-2. (d) Colorectal carcinoma GlI displayed strong immunohistochemical
staining for COX-2. (d) Colorectal carcinoma GlII displayed moderate to strong immunohistochemical staining for
COX-2. (X400)

Flow cytometric analysis:-

Of the 100 carcinomas examined, 38 (38%) were designated as DNA diploid and 62 (62%) as DNA aneuploidy
(Table 2). Aneuploid tumors had mean DI of 1.75 (range, 0.93-3.21). These colorectal cancers had SPF ranged from
7.5% to 45.6%. The median SPF was assessed to be 18.3%. There was a significantly higher SPF in DNA-aneuploid
tumors when compared with DNA-diploid tumors (29.3%, 16.6%, respectively, P = 0.001) (Fig. 3). Depending on
the median value of SPF as point of cut-off, neoplasms were consequently separated into high (>18.3) and low (<
18.3) SPF neoplasms (Table 2).

446



ISSN: 2320-5407 Int. J. Adv. Res. 5(2), 441-453

I
]
a | b
| =
o | &
1 N_
T |
{ i
i i
k- o
o '%_—
i =
s 2 ]
=2 | E
E ] E
zg | .g__
V| -
ot i
i i
4 i
i g_
] <4
4 B\ 7
7 A b, ]
1= '*;'*—'?—"‘r“—‘t""r'_g—rn"’x*r”|'{“(|lx111} LI T T LI S B I B S B N B B
0 50 10 150 20 25 1} 5D 100 150 200 25
Che . Channels (FL2-A)

Fig. 3:- Flow cytometry DNA histogram of colorectal cancer showing diploid peak (D1=1.01) and the SPF was
(9.98) (a) and diploid & aneuploid peaks (DI=1.01&1.77) and the SPF was (19.86) (b).

Table 2:- Patients Distribution depending on the result of immunohistochemical expressions and flow cytometry.

Marker No of patients (%)

Survivin

Negative 35 (35%)

Positive 65 (65%)

COX-2

Negative 27 (27%)

Positive 73 (73%)
DNA ploidy

Diploid 38 (38%)
Aneuploid 62 (62%)

SPF
<18.3% 53 (53%)
> 18.3% 47 (47%)

Association of survivin expression, COX-2 expression, DNA aneuploidy and high SPF with tumor
clinicopathological variables and markers expressions:-

The result of markers expression was investigated in associations with the following variables: patient’s gender, age,
lymph nodes involvement, distant metastasis, Dukes’stage, histological grade, localization and recurrence as well as
expression with the other markers examined (Table 3). COX-2, DNA aneuploidy and high SPF showed statistically
significant association with lymph nodes involvement and Dukes’ stage (P = 0.04, P = 0.02 and 0.03, respectively
for LN involvement and P = 0.03, P = 0.01 and 0.04, respectively for Dukes’ stage). DNA aneuploidy was positively
associated with histological grade (P = 0.03). High S phase and DNA aneuploidy were also positively associated
with tumor localization (P = 0.031 and P = 0.036, respectively). COX-2 displayed also positive association with
tumor recurrence (P = 0.021). No association was observed with other clinicopathological variables. Between
marker expressing tissues, high S phase showed statistically significant association with survivin, COX-2 and DNA
ploidy (P = 0.005, P = 0.004 and 0.02, respectively). In addition, there was association between survivin expression
with COX-2 (P = 0.04).
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Table 3:- Marker expressing colorectal carcinomas in associations with clinicopathological variables and co-
expression with other markers

Number of positive carcinomas for survivin, COX-2, DNA aneuploidy and high SPF (% of each category see Tables
1 and 2)

Survivin COX-2 DNA aneuploidy High SPF
(> 18.3%)
Gender
Male 45(64.2%) 52(74.2%) 44(62.8%) 31(44.2%)
Female 20(66.6%) 21(70%) 18(60%) 16(53.3%)
P=0.9 P=0.8 P=0.8 P=0.6
Age
<65 years 36(73.4%) 35(71.4%) 28(57.1%) 20(40.8%)
>65 years 29(56.8) 38(74.5%) 34(66.6%) 27(52.9%)
P=0.4 P=0.8 P=0.6 P=0.4
LN involvement
No 30(54.5%) 51(92.7%) 45(81.8%) 17(30.9%)
Yes 35(77.7%) 22(48.8%) 17(37.7%) 30(66.6%)
P=0.2 P=0.04 P=0.02 P=0.03
Distant metastasis
No 46(67.6%) 51(75%) 38(55.8%) 29(42.6%)
Yes 19(59.3%) 22(68.7%) 24(75%) 18(56.2%)
P=0.7 P=0.7 P=0.3 P=0.4
Dukes’ stage
A B 29(61.7%) 46(97.8%) 17(36.1%) 14(29.7%)
C,D 36(67.9%) 27(50.9%) 45(84.9%) 33(62.2%)
P=0.7 P=0.03 P=0.01 P=0.04
Histological grade
1,1l 47(66.1%) 53(74.6%) 53(74.3%) 32(45%)
I 18(62%) 20(68.9%) 9 (31%) 15(51.7%)
P=0.8 P=0.8 P=0.03 P=0.7
Localization
Proximal tumors 20(64.5%) 21(67.7%) 10(32.2%) 7(22.5%)
Distal tumors 45(65.2%) 52(75.3%) 52(75.3%) 40(57.9%)
P=0.9 P=0.7 P=0.03 P=0.03
Recurrence
Yes 22(61.1%) 32(88.8%) 25(69.4%) 16(44.4%)
No 39(79.5%) 39(79.5%) 32(65.3%) 28(57.1%)
Unknown 4(26.6%) 2(13.3%) 5(33.3%) 3(20%)
P=0.1 P=0.02 P=0.4 P=0.2
Survivin
Negative 0(0%) 34(97.1%) 25(71.4%) 6(17.1%)
Positive 65(100%) 39(60%) 37(56.9%) 41(63%)
P=0.04 P=0.4 P=0.005
COX-2
Negative 26(96.2%) 0(0%) 13(48.1%) 24(88.8%)
Positive 39(53.4%) 73(100%) 49(67.1%) 23(31.5%)
P=0.04 P=0.3 P=0.004
DNA ploidy
Diploid 28(90.3%) 24(77.4%) 0(0%) 7(22.5%)
Aneuploid 37(59.6%) 49(79%) 62(100%) 40(64.5%)
P=0.2 P=0.9 P=0.02
SPF
<18.3% 24(45.2%) 50(94.3%) 22(41.5%) 0(0%)
> 18.3% 41(87.2%) 23(48.9%) 40(85.1%) 47(100%)
P=0.04 P=0.04 P=0.02
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There was also associations between the clinicopathological variables and the number of markers expressed by each
carcinoma (Table 4). The expression of more markers was positively correlated with lymph nodes involvement (P =
0.04) and advanced stage disease (P = 0.001).

Table 4:- Number of tumor markers expressed by colorectal carcinomas in relation to clinicopathological variables.

Expression of survivin, COX-2, DNA aneuploidy and high SFP
Number of tissues (percentage %)

Variable 4 () 1(+) 2o0r3or4(+) P value

Gender
Male 10(14.3) 20(28.6) 40(57.1) 0.09
Female 9(30) 10(33.3) 11(36.7)

Age
<65 years 11(22.4) 17(34.7) 21(42.9) 0.2
>65 years 8(15.7) 13(25.5) 30(58.8)

LN involvement
No 12(21.8) 21(38.2) 22(40) 0.04
Yes 7(15.6) 9(20) 29(64.4)

Distant metastasis
No 14(20.6) 18(26.5) 36(52.9) 0.5
Yes 5(15.6) 12(37.5) 15(46.9)

Dukes’ stage
A B 13(27.7) 19(40.4) 15(31.9) 0.001
C,D 6(11.3) 11(20.8) 36(67.9)

Histological grade
(] 12(16.9) 22(30.9) 37(52.2) 0.7
Il 7(24.1) 8(27.6) 14(48.3)

Localization
Proximal tumors 9(29) 10(32.3) 12(38.7) 0.1
Distal tumors 10(14.5) 20(28.9) 39(56.6)

Recurrence 0.1
Yes 9(25) 13(36.1) 14(38.9)
No 8(16.3) 10(20.4) 31(63.3)
Unknown 2(13.3) 7(46.7) 6(40)

Discussion:-

In the present research, the prognostic significance of the result of immunohistochemical staining of survivin and
COX-2, DNA ploidy and SPF in colorectal cancer tissues was studied by associations with the clinicopathological
variables of colorectal cancer patients. Our analysis revealed that: (1) Expression of three of the four markers
(expression of COX-2 with DNA aneuploidy and high SPF) was independently associated with lymph nodes
involvement and Dukes’ stage whereas one or two markers were also associated with histological grade, tumor
recurrence and tumor localization. Furthermore, some of the clinicopathological variables were also associated with
the number of the expressed markers by each neoplasm, the more expression of markers associated with lymph
nodes involvement and advanced Dukes’ stage. (II) There was association between high SPF and survivin, COX-2
and DNA aneuploidy. In addition, there was also association among the immunoexpression of survivin and COX-2,
probably indicating that they might have a common molecular pathway in the carcinogenetic process.

The prognostic value of survivin, COX-2, DNA ploidy and SPF in colorectal adenocarcinomas patients had been

presented in many previous researches. However, in this study we attempted to evaluate the prognostic value of their
Co-expression score.
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In our analysis, Survivin expression was detected in 65% of the colorectal carcinomas, mainly cytoplasmic within
the tumors with no staining in normal colonic epithelium, which is generally in agreement with previous reports,
Kawasaki et al. [27], Suga et al.[28] and Sarela et al.[29] stated that survivin staining was observed in the majority
of colorectal carcinomas included in their studies. Survivin immnunoexpression was non correlated with any of the
examined histopathological variables of colorectal carcinomas, and this result is in concordance with previous
related studies [27, 29]. In contrast to our finding, others found that survivin expression is significantly associated
with the histological differentiation of colorectal carcinoma [30, 31]. This different reports may be explained by
using different primary antibody clone, different immunohistochemical technique and different method in
assessments of marker staining.

In our series, 73% of the colorectal carcinoma expressed COX-2 with immunostaining pattern, predominantly
cytoplasmic within the cells of the tumors. The non-neoplastic colonic mucosa nearby to the carcinomas displayed
no immunostaining for COX2, which is in alignment with previous studies [32-34]. We found that COX-2
overexpression, though not correlated with the other clinicopathological features, was significantly associated with
Dukes’ stage (P=0.03), lymph node positivity (P=0.04), and recurrence (P=0.02). These observations are in
concordance with previous studies [35, 36].

In our study, we found that 62% (62/100) of carcinomas had an aneuploid DNA content, this is in agreement with
others [37-39]. In both our study and some previous studies [39, 40], a significant association between DNA ploidy
and lymph nodes involvement (P=0.02), Dukes’ stage (P=0.01), histological grade (P=0.03), and tumor localization
(P=0.03), were found. Finally, similar to previous reports [38, 40], DNA ploidy in our series was not related to other
clinicopathologic parameters.

In our study, we found the median SPF of the whole series to be 18.3%, which is similar to findings of others [39].
We also detected a statistically significant correlation among SPF and lymph nodes involvement (P=0.03), Dukes’
stage (P=0.04), and tumor location (P=0.03), which is in agreement with others [40].

Regarding the markers co-expression in our investigations, high SPF showed statistically significant association
with DNA ploidy (P=0.02), that is similar previous reports [39, 40]. In addition, there is highly significant
association between survivin and high SPF (P=0.005), a result that agree with Ito et al., [41] who reported that
survivin expression strongly associated with the proliferation index and overexpression of survivin lead to an
increase in the SPF in human hepatocellular carcinoma. In addition, Kawasaki et al., [42], found that survivin
immunoexpression was positively associated with the labelling index of Ki-67 in colorectal cancer. Moreover,
Sarela et al., [43], reported that there was positive significant linear correlation among survivin final scores and
proliferative index (P=0.001) in pancreatic cancers.

Regarding COX-2 expression in our series, we found statistically significant association among COX-2 and high
SPF (P=0.004), a result that come to an agreement with Mrena et al., [44] who informed that the expression of
COX-2 was associated with the labelling index of Ki-67 (p=0.013) and SPF (p<0.0001) in gastric cancer.
Moreover, Yamagishi et al., [45], told that the expression of COX-2 was correlated with the labelling index of Ki-
67 in human advanced gastric cancer.

There was also association between survivin expressing with COX-2 (P = 0.04) in our study. Similar finding in
gastric cancer have been published by Yu et al., [46], where association between survivin and COX-2
overexpression was detected at both mRNA (P=0.001) and protein levels (P=0.041). Also, our analysis were in
agreement with findings of Barnes et al., [47], indicating that the presence of cytoplasmic survivin correlates with
the expression of COX-2 in mammary adenocarcinoma. Yang et al., [48], stated that COX-2 expression showed
significantly strong correlation with Survivin (r = 0.659, P<0.001) in hepatocellular carcinoma.

In conclusion, we displayed that the co-expression score of survivin, COX-2, DNA aneuploidy and high SPF in
colorectal cancer tissues correlates significantly with the poor prognosis of patients with colorectal adenocarcinomas
and might be of clinical routine. These results may help in understanding the carcinogenesis of colorectal
carcinomas and help the advance of therapeutic strategies like suppression of COX-2 or survivin silencing.
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