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Abstract

Original Article

Introduction

Septins are GTP‑binding proteins that form filamentous 
structures, which function primarily in the spatial organization of 
membrane and cytoplasmic proteins and categorization of many 
cellular functions.[1] They belong to the same class of GTPases as 
the RAS oncogenes.[2] In human cells, septins encompass a family 
of 13 genes, which encode 13 types of septins (SEPT1‑SEPT12, 
SEPT14) with multiple isoform variants.[3]

Mutations and abnormal expression of septins have been 
observed in many hematological malignancies as well as 
solid tumors; the most frequent mutations have been reported 
in cancers of the skin, large intestine, endometrium, and 
stomach.[4] Alterations in expression of septin have been 
observed in glioblastoma, cutaneous squamous cell carcinoma 
and melanoma, renal cell carcinoma, colorectal carcinoma, 
lung cancer, prostatic carcinoma, cancer breast, ovarian, and 

endometrial carcinoma. In most of these cancers, septins are 
overexpressed but occasional downregulation has been also 
reported.[5‑7]

Carcinoma of the colon or rectum (colorectal cancer [CRC]) is 
a common and lethal disease. Approximately 148 thousand new 
cases are diagnosed each year in the United States, of which 
colon cancers are much more common than rectal cancers.[8]

CRC develops slowly and starts as polyp which with time 
acquires more mutations giving rise to carcinoma.[9] Hence, 
the presence of adenomas is considered a marker of CRC risk, 
especially with microscopic high‑grade dysplasia.

In colon, SEPT9 is highly expressed in normal surface and 
glandular epithelia, and the expression is markedly reduced 
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in adenoma and completely diminished in CRC indicating its 
progressive decrease in tumorigenesis.[10] SEPT4 also showed 
abnormal expression when studied in CRC.[11]

SEPT2 may promote tumor angiogenesis and growth through 
cancer‑associated fibroblasts.[12] Its overexpression results in 
cytokinesis failure, aneuploidy, centrosome amplification, and 
multipolar mitoses, which are all frequent events in cancer 
cells.[13]

HER2 protein (also known as HER2/neu, ErbB‑2) is a 185‑kDa 
transmembrane receptor tyrosine kinase that belongs to the 
four‑member family of epidermal growth factor receptors.[14] 
Aberrant expression of HER2/neu leads to abnormal activation 
of multiple downstream signal transduction pathways, 
resulting in increased cellular proliferation and differentiation, 
decreased apoptosis, and enhanced tumor cell motility and 
angiogenesis.[15]

HER2/neu is involved in the tumor genesis and progression of 
various types of solid tumors, such as breast cancer, pulmonary 
adenocarcinoma, gastric cancer, and CRC.[16‑18]

Several studies observed a questionable role for HER2/neu 
protein in CRC.[19,20] Whoever some studies suggested that 
HER2/neu is a potential therapeutic target and a biomarker 
in CRC.[21,22]

Few recent studies examined the expression of septin 2 in 
CRC and no one examined it in colonic adenoma with no 
one done on Egyptian population; also, to the best of our 
knowledge, no previous study has conducted to examine in 
a single study the immunohistochemical staining character 
of both septin 2 and Her2/neu in CRC, so it was the aim of 
this study.

Materials and Methods

Study sample and data collection
The study was conducted on 2 groups; the first group 
consisted of 70 paraffin blocks for patients diagnosed as 
colorectal carcinoma for which a variable colonic resection 
procedure was performed and the second group was formed 
of 24 blocks from patients diagnosed as colorectal adenoma. 
All cases were diagnosed in Cairo university hospital from 
2016 to 2019. The relevant patients’ data were retrieved 
from the files. The study attained approval by the ethical 
committee for the release of the archival medical records and 
the utilization of the patient samples for scientific research. 
Due to the retrospective nature of the study, no written 
informed consent was obtained.

Inclusion criteria
Samples with fulfilled data, resection specimens (for the first 
group).

Exclusion criteria
Insufficient data, colonoscopic biopsies (for the first group), 
necrosis, poorly fixed biopsies, and history of neoadjuvant 
therapy.

Histopathological evaluation
Re‑evaluation of H and E stained sections was performed by 
3 independent pathologists as follows:
1.	 The tumors histopathological features were assessed 

according to the WHO 2019 classification for the tumors 
of the gastrointestinal tract[23]

2.	 Categorization of the tumors was done: the adenomas 
were classified according to the histological pattern and 
to the grade of dysplasia. The carcinomas were classified 
according to the tumor subtype, with emphasis on the 
presence of perineural invasion and lymphovascular tumor 
emboli. For each carcinoma case, a peritumoral budding 
score was performed according to the recommendations 
adopted by the International tumor budding consensus 
conference 2016  (ITBCC): tumor budding was defined 
by the presence of a single tumor cell or a tumor cell 
cluster formed of up to 4 tumor cells, detected by H and E 
stain at the advancing border of the tumor. Counting of 
the tumor budding was done at a single tumor hot spot, 
using ×20 objective lens. The eyepiece diameter of the 
used microscope was 22 mm, so dividing the number of the 
tumor buds on a correction factor (1.210) from a conversion 
table was done. This conversion table was proposed by the 
ITBCC to get the number of tumor buds in the equivalent 
of a 0.785‑mm2 field. Tumor budding score was estimated 
using a 3‑tiered system based on the number of tumor buds 
in a 0.785‑mm2 field (low, 0–5 tumor buds; intermediate, 
6–9 tumor buds; high, 10, or more tumor buds).[24]

Finally, the tumor was staged according to the American Joint 
Committee on Cancer 8th edition.[25]

Immunohistochemical procedures
For each adenoma and carcinoma case, a section of formalin‑fixed, 
paraffin‑embedded tissue was immunohistochemically stained 
using antihuman SEPT2 polyclonal antibody (clone Q15019, 
Rabbit Ig G) prediluted at 1:50, manufactured by Abbexa LLC. 
Houston, TX, USA. For each carcinoma case, another section 
was immunostained using monoclonal anti‑HER2/neu (4B5) 
rabbit monoclonal antibody (Roch, USA). The staining was 
done by Ventana Benchmark automated stainer, following the 
manufacturer protocol, and the reaction was carried out using 
the avidin‑biotin immunoperoxidase system.

Immunohistochemical evaluation
1.	 Septin immunoreactivity: positive septin reaction 

was identif ied by brownish cytoplasmic staining 
within the tumor cells. Septin immunoreactivity was 
assessed according to the immunoreactivity score 
intensity (IRS), which was calculated by multiplication 
of the score and percentage of staining. Tissue staining 
intensity was graded as follows:  (0; no staining), (1; 
weak staining), (2; moderate staining), and  (3; strong 
staining). The percentage of the tissue staining was 
graded as follows:  (0; no positive cell staining),  (1; 
<25% positive cell staining),  (2; 25%–50% positive 
cell staining), (3; 50%–75% positive cell staining), and 
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(4; >75% positive cell staining). IRS values were stratified 
as negative (−, 0 scores), weakly positive (+, 1–4 score), 
moderately positive (++, 5–8 score), or strongly positive 
(+++, 9–12 score).[26] For adenoma cases and when 
comparing CRC to adenoma, the staining was considered 
as positive (+, ++ and +++) or negative

2.	 HER2‑neu immunoreactivity: HER2‑neu interpretation was 
performed guided by the HERACLES diagnostic criteria; 
the HER2 status of immunohistochemistry (IHC) staining 
was defined as follows: positive, intense (3+) in >10% of 
the tumor cells; equivocal, moderate (2+) in ≥50% of the 
tumor cells; and negative, intense (3+) ≤10% of the tumor 
cells, moderate (2+) in <50%, faint (1+) in any cellularity, 
or no staining.[27] The following considerations were taken 
into accounts: Complete membranous staining was not 
essential for positivity scoring and only luminal surface 
staining in the absence of lateral and basal staining was 
considered negative.

HER2/neu IHC scores of 2+ (equivocal) were further evaluated 
using fluorescence in situ hybridization (FISH) technique for 
detection of amplification of CEP17.

The technique for  (fluorescence in  situ hybridization) 
procedure
Paraffin‑embedded tissue sections were mounted on 
Superfrost/plus microscope slides, deparaffinized through 
Xylene immersion, then dehydrated through immersion 
in graded ethanol, and then preheated with a pretreatment 
solution for 15 min then allowed for enzymatic digestion for 
10 min. Serial washes followed by dehydration were applied, 
then hybridized with HER2‑neu probe mixture (Vysis, FDA 
approved PathVysion probe kit) at 37°C at hybridization 
chamber overnight. After hybridization, a series of washes 
were performed to remove unbound probes, followed by serial 
ethanol solutions, 10 μl of DAPI were applied. Slides were 
then incubated in the dark for 15 min before visualization.

Fluorescence microscope evaluation and interpretation 
of fluorescence in situ hybridization
The slides were visualized using a Zeiss Axioscope fluorescent 
microscope using orange, green, DAPI, and dual orange 
and green filters. Zeiss imaging software system was used. 
We evaluated Her‑2 gene copy number through counting 
orange signals and CEP17 copy number through counting 
green signals. The scoring was performed in at least 
20 nonoverlapping nuclei. A ratio of HER2 signal to CEP17 
signal of ≥2 was considered as amplification of HER2 and 
hence HER2 positive.[28]

Statistical analysis
Microsoft Excel 2016 was used for data entry, and the statistical 
package for the social science  (SPSS) version  24  (SPSS, 
Armonk, New York, USA: International Business Machines 
Corporation) was used for data analysis. Simple descriptive 
statistics (arithmetic mean and standard deviation) used for 
the summary of quantitative data and frequencies used for 

qualitative data. Bivariate relationship was displayed in cross 
tabulations, and comparison of proportions was performed 
using the Chi‑square test or Fisher exact whenever appropriate. 
T‑independent, one‑way analysis of variance, and post hoc 
tests were used to compare normally distributed quantitative 
data. The level of significance was set at probability P < 0.05.

Results

Relevant CRC patients’ data and tumor characteristics are shown 
in Table 1, and representative figures of septin 2 [Figure 1] and 
Her2/neu [Figure 2] IHC are also shown. For Her2/neu IHC 

Table 1: Data and tumor characteristics in 70 colorectal 
cancer patients

Tumor characteristics n (%)
Age (meam±SD) 57.9±13.8
Gender

Male 35 (50)
Female 35 (50)

Tumor location
Colon 58 (82.9)
Rectum 12 (17.1)

Histologic type
Adenocarcinoma 60 (85.7)
Mucinous carcinoma 10 (14.3)

Histologic grade
Grade II 51 (72.9)
Grade III 19 (27.1)

T stage
T2 9 (12.9)
T3 49 (70)
T4 12 (17.1)

N stage
N0 33 (47.1)
N1 19 (27.1)
N2 18 (25.7)

LVI
Present 33 (47.1)
Absent 37 (52.9)

PNI
Present 15 (21.4)
Absent 55 (78.6)

Budding score
Low 35 (50)
Intermediate 24 (34.3)
High 11 (15.7)

Septin score
0 (negative) 5 (7.1)
+ (weakly positive) 16 (22.9)
++ (moderately positive) 26 (37.1)
+++ (strongly positive) 23 (32.9)

Her2/neu
Positive 24 (34.3)
Negative 46 (65.7)

SD: Standard deviation, LVI: Lymphovascular invasion, PNI: Perineural 
invasion
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9 cases showed equivocal, moderate (2+) immunoreactivity so 
were further evaluated using (FISH) technique for detection 
of amplification of CEP17 (as mentioned in the methodology 
section) that revealed 5 positive and 4 negative cases included 
in the total cases shown in Table 1.

Association between SEPT2 staining intensity and 
clinicopathological data of CRC patients used in this 
study revealed a significant association with histologic 
type (P = 0.001) and grade (P ˂  0.001), tumor T (P = 0.001) and 
N (P = 0.011) categories, and the presence of lymphovascular 
invasion (P ˂ 0.001) [Table 2].

Association of Her2/neu IRSs and clinicopathological data 
of CRC patients used in this study revealed a significant 
association with histologic grade  (P  =  0.048), tumor T 
(P ˂ 0.001) and N (P = 0.019) categories, and the presence 
of perineural  (P  =  0.004) and lymphovascular  (P  =  0.003) 
invasion [Table 3].

For the second group of patients diagnosed with colonic 
adenoma [Figure 3], there was a significant relation between 
septin 2 IRSs and the grade of dysplasia in the adenoma 
(P ˂ 0.001) [Table 4].

For statistical reasons (due to small group of colonic adenoma 
patients), the study considered cases as positive or negative 
when detecting the relation between the cancer group and the 

adenoma group regarding septin 2 expression [Table 5] and 
the relation was statistically significant (P ˂ 0.001).

Discussion

The exact pathogenesis of CRC is unknown, but our recent 

Table 2: Association of septins 2 immunoreactivity scores 
and clinicopathological parameters of 70 colorectal 
cancer patients

Variable Septin score

0 + ++ +++ P
Gender

Male 5 5 12 13 0.05
Female 0 11 14 10

Tumor location
Colon 5 14 20 19 0.589
Rectum 0 2 6 4

Histologic type
Adenocarcinoma 5 16 25 14 0.001*
Mucinous carcinoma 0 0 1 9

Histologic grade
Grade II 4 16 24 7 ˂0.001*
Grade III 1 0 2 16

T category
T2 2 5 1 1 0.001*
T3 3 11 22 13
T4 0 0 3 9

N category
N0 3 13 12 5 0.011*
N1 1 3 8 7
N2 1 0 6 11

LVI
Present 2 2 9 20 ˂0.001*
Absent 3 14 17 3

PNI
Present 0 0 8 7 0.042
Absent 5 16 18 16

Budding score
Low 3 12 10 10 0.313
Intermediate 1 3 10 10
High 1 1 6 3

*The level of significance was set at probability (P) value <0.05. LVI: 
Lymphovascular invasion, PNI: Perineural invasion

Figure 2: Her2/neu positive expression in colorectal cancer (×40)

Figure 1: Septin 2 expression in colorectal cancer (×40): strongly positive (a), moderately positive (b), and weakly positive (c)

cba
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knowledge suggested that the development of CRC needs 
a complex interaction between environmental carcinogens, 
genetic alterations, and the host immune system.[29]

Since the early 2000s, when mammalian septins began to 
emerge as a new field of research, there have been major 
advances in our knowledge of the cellular functions of 
septins. In parallel, clear evidence has indicated that septin 
levels of expression are altered in a variety of cancers. 
A cause‑and‑effect relationship between these alterations and 
tumorigenesis is yet to be confirmed.[4]

It has been reported that SEPT2 influences the invasion and 
metastasis of many types of tumor cells.[30‑32] In addition, 
it has been proved that overexpression of SEPT2 results in 
cytokinesis failure, aneuploidy, centrosome amplification and 
multipolar mitoses, which are all frequent in cancer cells.[13]

Although many reports have focused on the function of 
septin 2 in tumors, its role in CRC remains unclear. Only 

one study was carried to examine the immunohistochemical 
expression of septin 2 in CRC by He et al.[26] that found that 
higher SEPT2 staining was more frequent in CRC samples 
with lymph node metastasis compared with samples with 
no metastasis  (P < 0.05). In addition, the staining intensity 
of SEPT2 was associated with the differentiation degree 
of tumor tissue  (P < 0.001) and also associated with TNM 
staging (P < 0.05) and concluded that SEPT2 may be a potential 
prognostic marker and therapeutic target for patients with CRC. 
This study had nearly the same relations with different studied 
variables in patients with CRC.

The proto‑oncogene HER‑2/neu is a member of the growth factor 
receptor family with intrinsic protein tyrosine kinase activity[33] 
that plays a vital role in normal cell proliferation and tissue 
growth, as well as in the development of carcinoma through 
influencing cell migration, proliferation and differentiation, 
and apoptosis.[34] It has been shown to be an effective target for 
adjuvant therapy for especially breast cancer.[35]

The prognostic role ofHER2/neu in CRC remains controversial. 
A negative prognostic impact of HER2/neu overexpression was 
proposed by some studies,[36‑38] but other trials have found no 
association between HER2/neu amplification and outcome.[39‑43] 
Despite this controversy, Her2/neu has been investigated as a 
therapeutic target in metastatic CRC in several small studies 
during the last decade, but with differing outcomes.[44,45]

The significant association found in this study between most of 
the studied prognostic clinicopathologic features and Her2/neu 
expression is additional to the reports that suggested a role of 
Her2/neu in CRC.

It was clearly outlined from this study the significant 
differences in septin 2 protein expression between colorectal 

Table 3: Association of Her 2/neu immunoreactivity 
scores and clinicopathological parameters of 70 
colorectal cancer patients

Variable Her2/neu score

Positive Negative P
Gender

Male 12 23 1
Female 12 23

Tumor location
Colon 19 39 0.554
Rectum 5 7

Histologic type
Adenocarcinoma 21 39 0.76
Mucinous carcinoma 3 7

Histologic grade
Grade II 14 37 0.048*
Grade III 10 9

T category
T2 1 8 ˂0.001*
T3 13 36
T4 10 2

N category
N0 6 27 0.019*
N1 8 11
N2 10 8

LVI
Present 17 16 0.004*
Absent 7 30

PNI
Present 10 5 0.003*
Absent 14 41

Budding score
Low 10 25 0.284
Intermediate 8 16
High 6 5

*The level of significance was set at probability (P) value <0.05. LVI: 
Lymphovascular invasion, PNI: Perineural invasion

Table 4: Association of septin 2 immunoreactivity scores 
and clinicopathological parameters of 24 patients 
diagnosed with colonic adenoma

Variable Septin score Total, 
n (%)

P

Positive 
(+, 

++, 
+++)

Negative (0)

Gender
Male 11 8 19 (79.2) 0.317
Female 1 4 5 (20.8)

Site
Colon 11 10 21 (87.5) 1
Rectum 1 2 3 (12.5)

Type
Tubular 2 4 6 (25) 0.64
Tubulovellous 10 8 18 (75)

Grade of dysplasia
Low grade 0 10 10 (41.7) ˂0.001*
High grade 12 2 14 (58.3)

*The level of significance was set at probability (P) value <0.05.
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adenomatous polyps and CRC (P ˂ 0.001) [Table 5]. It was 
clear that expression of such protein was present in benign 
and malignant cases as 50% and 92.9%, respectively, and 
in adenomatous polyps, the expression was limited to the 
cases with high‑grade dysplasia. However, the present study 
did not investigate what pathways are altered by septin 
2 expression in CRC; this finding refers to a possible role of 
this protein in early neoplastic transformation of such tumor 
especially in progression from adenoma to carcinoma with 
acquisition of further mutation as a part of multistep theory 
for malignant transformation.

Conclusion

Septin 2 and Her2/neu expressions were associated with many 
important prognostic clinicopathologic variables in patients 
of CRC, and septin 2 was also expressed in colonic adenoma 
with only high‑grade dysplasia referring to a possible role in 
tumor progression that needs further exploration in subsequent 
researches. This may point to a potential prognostic role and 
therapeutic target of both markers for patients with CRC.
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