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Abstract
BACKGROUND: Colorectal cancer (CRC) is the fourth most common cancer comprising nearly 10% of all cancer 
cases worldwide. Many tumor markers have been used to expect the prognosis of CRC. Transforming acidic coiled-
coil-containing protein 3 (TACC3) is one of the TACC family proteins. Physiologically, TACC3 is an important protein 
in the process of cellular division as it plays a key role in the formation of the mitotic spindle. Pathologically, TACC3 
expression was studied in CRC, being found to be a poor prognostic factor.

AIM: The aim of the study was to study the expression of TACC3 and its relationship with other clinical and 
histopathological prognostic factors in patients with CRC.

METHODS: This is an observational and immunohistochemical study on 45 resection specimens from 45 CRC 
cases. This study was conducted at the pathology departments of the Faculty of Medicine, Cairo University, and 
Faculty of Medicine, Fayoum University from July 2019 to February 2020 Tumor tissues were prepared as formalin-
fixed and paraffin-embedded specimens. The paraffin blocks were sectioned at the 5 microns thickness. Then, the 
collected sections were stained with hematoxylin & eosin for histopathological revision and immune-histochemical 
staining for TACC3 proteins.

RESULTS: The mean immunoreactivity score (IRS) for the TACC3 expression in our sample was 70 ± 89.91. TACC3 
IRS score was significantly higher in those tumors with N2 stage (IRS = 175 ± 107.1; p = 0.02), and with Stage III tumors 
(IRS = 136.4 ± 93.5; p = 0.04). The other parameters showed no statistically significant relationship with IRS scores.

CONCLUSION: Immunohistochemical expression of TACC3 would be valuable as a prognostic marker in cases of 
colorectal adenocarcinoma, where the expression was found to show stronger and more widespread expression in 
cases with higher stages. Furthermore, TACC3 should therefore be considered as a potential candidate for targeted 
therapy, where its blockade may hinder the tumor’s ability to proliferate and progress.
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Introduction

Colorectal cancer (CRC) is the fourth 
commonest cancer comprising nearly 10% of all cancer 
cases worldwide with males’ predominance over 
females [1], [2]. Although CRC occurs predominantly 
in old aged population, rates have been increasing 
among young adults in different countries [1], [2]. 
Developed countries have the highest rates globally, 
with an incidence as much as 8 times higher than some 
developing countries [3]. The figures in Egypt go parallel 
to the international ones, even though it is relatively less 
common compared to the rest of the world. CRC ranks 
ninth among the commonest malignancies in Egyptian 
people [4].

Many tumor markers have been used to 
expect the prognosis of CRC. Many of these markers 
were related to BRAF and KRAS pathways which are 
affected in only less than half of CRC. However, up to 
now, no markers can predict the prognosis accurately 

enough. We still need to find new biomarkers for a 
better understanding of the behavior and management 
of this type of cancer [5], [6]. Transforming acidic 
coiled-coil-containing protein 3 (TACC3) is one of 
the TACC family proteins; its gene is located on the 
short arm of chromosome no. 4 [7]. Physiologically, 
TACC3 is a target of the Aurora A kinase [8]. It is 
essential for the growth and stability of microtubules 
while localizing to the centrosome during mitotic 
division. This process is important for the formation of 
the mitotic spindle which is responsible for the final 
segregation of the chromosomes. Abnormalities of 
microtubules and centrosomes would result in the 
defective formation of the mitotic spindle and correlate 
with tumorigenesis and tumor progression [7]. This 
explains the involvement of TACC3 reported in various 
cancers. Expression of TACC3 was found to be a 
marker of tumor progression in the ovaries [9], lungs 
[10] CNS [11], esophagus [12], stomach [13], liver 
[14], and sarcomas as well [15]. TACC3 can therefore 
be considered as a potential candidate for targeted 
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therapy, where its blockade may hinder the tumor’s 
ability to proliferate and progress.

Hence, in this study, we aim to study the 
expression of TACC3 and its relationship with other 
clinical and histopathological prognostic factors in 
patients with CRC.

Methods

Study design and settings

This is an observational and immunohistochemical 
study on 45 resection specimens from 45 CRC cases. 
This study was conducted at the pathology departments 
of the Faculty of Medicine, Cairo University, and Faculty of 
Medicine, Fayoum University from July 2019 to February 
2020.

Inclusion and exclusion criteria

Patients with CRC at the previously mentioned 
pathology departments department(s) during our 
study period were included in the study. Patients 
who received pre-operative chemotherapy and/or 
radiotherapy with complete or near-complete response 
were excluded from the study. This is due to the loss of 
major components of the tumor, which would negatively 
affect the immunohistochemical analysis. A total of five 
cases that met our exclusion criteria were excluded. 
There were only 45 cases were eligible for our study.

Clinical data of included patients

Demographic and clinical data of the included 
patients were collected from the pathology reports. This 
included sex, age, anatomical site of the tumor, and 
pre-operative therapy.

Histopathological data of the specimens

The pathology reports were reviewed for 
histological data and these data were confirmed by 
hematoxylin & eosin (H&E) slides. Data included 
histological variant and grade, the presence of mucinous 
activity perineural invasion, lymphovascular invasion, T 
and N staging, and the respective stage group (tumor 
regression score according to the 8th edition of AJCC 
staging system for those who received pre-operative 
therapy.

Specimens’ preparation

Tumor tissues were prepared as formalin-
fixed and paraffin-embedded specimens. The paraffin 

blocks were sectioned at the 5 microns thickness. 
Then, the collected sections were stained with H&E for 
histopathological revision and immune-histochemical 
staining for TACC3 proteins.

Immunohistochemical staining technique 
and analysis

The sections were baked at 60°, deparaffinized 
in xylene, then rehydrated through a series of 
decreasingly graded concentrations of alcohol 
(95–70%) ended with distilled water. After 20 min of 
cooling, the endogenous peroxidase activity was 
inhibited by incubation in 3% hydrogen peroxide (H2O2) 
for 5 min. The sections were then boiled for 5 min in 
citrate solution, with a pH of 6, for antigen retrieval. 
The sections were incubated with the respective 
primary antibody for 1 h at room temperature and 
a dilution of 1:50. The primary antibody used for 
TACC3 detection was a rabbit polyclonal anti-TACC3 
antibody manufactured by Chongqing Biopsies, 
China. Subsequently, the sections were stained for 
protein detection in 3, 3-diaminobenzidine for 2 min. 
Afterward, the sections were rinsed well in tap water 
and then counterstained with hematoxylin to stain the 
nuclei. Finally, the slides were cleared in xylene and 
the coverslips were applied. The positive control for 
TACC3 was human testicular tissue where it shows 
cytoplasmic staining in the germ cells of seminiferous 
tubules.

For immunohistochemical analysis of TACC3 
expression, we adopted the methodology described 
and used by Huang and his colleagues [12]. you 
should mention the paper’s author The expression was 
evaluated considering both the staining intensity and 
the extent of staining. The staining intensity was scored 
as (0: negative staining; 1: weak staining; 2: moderate 
staining; and 3: strong staining). The extent of staining 
was scored as the percentage of positive cells. The 
final immunoreactivity score (IRS) is the product of the 
intensity score and the extent score.

Statistical analysis

The Microsoft Excel 2010 software and SPSS 
software (Statistical Package for the Social Science) 
version 25 were used for the data entry and statistical 
analysis, respectively. Simple descriptive statistics 
were used to describe the distribution of various 
demographic, clinical, and histologic variables as 
well as the immunohistochemical findings. Inferential 
statistics were used to determine the existence 
of a statistically significant relationship between 
immunohistochemical expression of TACC3 and 
other variables in the study. The one-way ANOVA test 
was used for the analysis of TACC3 expression. The 
level of statistical significance was set at a probability 
p < 0.05.
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Ethical consideration

This study was reviewed and approved by 
the ethical committee, Faculty of Medicine, Fayoum 
University, Fayoum, Egypt.

Results

General characteristics of the included 
patients

In this study, we included 45 specimens of 
colorectal adenocarcinoma from 45 CRC patients. The 
mean age of our study population was 57.02 ± 12.25. 
Most of them were females (%) with a male to female 
ratio of 2:3. Most of our specimens (60%) were obtained 
from the rectosigmoid anatomical region. Among the 45 
included patients, only 7 patients (16%) received pre-
operative therapy; Table 1.

Table 1: General, clinical, and histopathological characteristics 
of the study population. Remove P value from this table, it is 
not the tabe of relations (DONE)
Parameters TACC3 sections, (n=45) (%)
Age, median (Range), years 60 (29–83)
Sex, n (%)

Males 18 (40)
Females 27 (60)

Anatomical site, n (%)
Right colon 12 (27)
Transverse colon 3 (6)
Left colon 30 (67)

Pre-operative therapy
Received 7 (16)
Not received 38 (84)

Histological variant
Conventional 38 (84)
Mucinous 5 (11)
Signet ring 2 (4)

Mucinous activity
Present 30 (67)
Absent 15 (33)

Histologic grade
Low grade 38 (84)
High grade 7 (16)

Perineural invasion
Present 17 (38)
Absent 28 (62)

Vascular invasion
Present 31 (69)
Absent 14 (31)

T Stage
T2 5 (11)
T3 28 (62)
T4 12 (27)

N Stage
N0 20 (44)
N1 18 (40)
N2 7 (16)

Clinical stage group
I 4 (9)
II 16 (36)
III 25 (55)

Histological findings

Most of our cases (84%) showed the morphology 
of conventional colorectal adenocarcinoma. In addition, 
most of our cases (84%) were classified as low-grade 
carcinoma according to the two-tier grading system 
accepted by the WHO [16] Regarding tumor invasion, 
perineural and vascular invasion was seen in 38% and 

69% of cases. As for the grading of the tumors, 72% of 
cases were classified as T3 and T4 stages. Moreover, 
most of the specimens were of Stage III (55%).

Immunohistochemical expression of 
TACC3

The mean IRS for the TACC3 expression in 
our sample was 70 ± 89.91. TACC3 IRS score was 
significantly higher in those tumors with N2 stage (IRS 
= 175 ± 107.1; p = 0.02), and with Stage III tumors 
(IRS= 136.4 ± 93.5; p = 0.04). The other parameters 
showed no statistically significant relationship with IRS 
scores; Table 2.

Table 2: Relationship between TACC3 Expression general, 
clinical, and histopathological data of the study population
Parameters TACC3 expression p-value
Sex

Male 112.2 ± 102.4 0.77
Female 103.9 ± 82.5

Age
20–29 140 0.75
30–39 138.8 ± 135.5
40–49 125 ± 94.4
50–59 118 ± 92.4
60–69 93 ± 89.7
70–79 69.3 ± 68.6
80–89 195

Anatomical site
Cecum & Ascending 91.25 ± 100.6 0.53
Transverse 53.33 ± 37.9
Descending 101.67 ± 106.8
Sigmoid 107.78 ± 90.6
Rectum 147.22 ± 81.25

Preoperative therapy
No therapy 100 ± 91.3 0.21
Received 146.4 ± 76.3

Histologic variant
Conventional 111.7 ± 90.1 0.31
Mucinous 54 ± 48.8
Signet ring 155 ± 162.6

Mucinous activity
Present 82 ± 79.3 0.19
Absent 119 ± 93.5

Histologic grade
Low grade 105.1 ± 89 0.72
High grade 118.6 ± 101.4

Perineural invasion
Present 135.3 ± 89.6 0.1
Absent 90.2 ± 87.3

Vascular invasion
Present 121.8 ± 92.7 0.11
Absent 75 ± 76.8

T Stage
T2 126 ± 118.9 0.87
T3 132.5 ± 86.1
T4 154.17 ± 104.1

N stage
N0 70.8 ± 71.9 0.02*
N1 121.4 ± 86.2
N2 175 ± 107.08

Clinical stage group
I 42.5 ± 51.9 0.04*
II 77.81 ± 75.8
III 136.4 ± 93.5

TACC3: Transforming acidic coiled-coil-containing protein 3, *Statistically significant difference

Discussion

This study was designed to assess the suitability 
of using the immunohistochemical expression of TACC3 
as a prognostic factor in colorectal carcinoma by 
comparing it to other clinicopathologic findings. We found 
that the mean IRS score of 45 CRC specimens was 
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70 ± 89.91, with significantly higher scores in those tumors 
with N2 stage and Stage III tumors. On the other hand, 
IRS showed no statistically significant relationship with 
the remaining clinical and histopathological parameters.

Physiologically, TACC3 is an important protein 
in the process of cellular division as it plays a key role in 
the formation of the mitotic spindle [17]. Pathologically, 
TACC3 expression was studied in a variety of tumors, 
being found to be an independent poor prognostic 
factor [18].

To the best of our knowledge, two studies 
considered TACC3 in CRC. One of them discussed its 
value as a poor prognostic factor [19]. The other was 
more specific, relating it to poor therapy response in 
rectal cancer [20]. The IRS was the accepted method 
for assessing TACC3 expression in both studies which 
is the same score used in our study. The method of 
calculation, however, was different. While the intensity 
of staining was assessed similarly in all studies, the 
amount of staining in our study was assessed as a 
percent of all tumor tissue with 5% increments. In Du’s 
and Ma’s studies, the amount of staining was given 
a score from 0 to 4. Moreover, the percentage of the 
amount of staining was multiplied by the intensity score. 
In their study or your study???. This is different from 
what we did in our study. In our study, we did not use 
a (0–4) score; we used the percent of stained cells 
(0–100). They added the amount score to the intensity 
score to give the final IRS. Subsequently, they classified 
tumors with IRS more than 5 as tumors with “high” 
expression and those with IRS of 5 or less as tumors 
with “low” expression. Why you use different method 
from them? We adopted the methodology, we believed 
to be more accurate in assessing immunohistochemical 
staining.

As in most studies, males were the dominant 
group in Du’s and Ma’s studies. They represented 
56% and 64% out of 161 and 152 studied individuals, 
respectively. This was different from the sex distribution 
in our study, in which the females were more than males 
representing 60% of the study’s population. The small 
size of our sample may be a reasonable explanation of 
this difference. Regardless of this difference, sex was not 
significantly related to TACC3 expression in all studies.

As for the age of the patients, our sample 
was similar to that of Du et al. and Ma et al. They 
included patients with a mean age of 53–55 years old, 
respectively, which is nearly similar to our mean age 
group (60 years old). This represents a similar age 
distribution across the different study groups. Moreover, 
they found no statistically significant correlation between 
TACC3 expression and age group. The anatomical 
distribution of CRC s in our study was different from that 
of Du et al. study [19]. Rectal tumors formed 20% of all 
cases in our study, while they formed nearly 40% in Du’s 
study and in Ma’s study [19], [20], which included only 
patients with rectal tumors. This may be explained by the 
different epidemiologic factors in each study population. 

In addition, the small sample size of our study may 
influence those results. However, the specific site of the 
tumor was found to be unrelated to TACC3 expression.

In our study, 16% of our included that patients 
were subjected to chemotherapy and/or radiotherapy 
preoperatively. On the other hand, all of the patients in 
Ma et al. [20] study received chemoradiotherapy before 
undergoing surgical excision. This may account for the 
differences between both studies’ results. However, the 
question of our study regarding this point is completely 
different from that of Ma et al. [20]. We analyzed data to 
test whether TACC3 expression was different between 
those who received pre-operative therapy and those 
who did not, regardless of their response. On the 
other hand, Ma et al. wanted to know if the response 
to therapy can be reliably predicted using TACC3 
expression. They found that those who had a stronger 
expression of TACC3 showed poorer responses to 
therapy. Although In Du et al. study [19], none of the 
study population received any form of pre-operative 
therapy, they recommended giving more aggressive 
therapy to those who have high TACC3 expression due 
to its correlation with poorer prognosis. Hence, TACC3 
may be used as a prognostic factor to determine the 
response to therapy.

The adopted grading system differed between 
our study and the other studies. We adopted the simple 
and recently recognized two-tier system, where 84% 
of the cases were low grade and the other 7% were 
high grade. Du et al. [19] adopted the more traditional 
three-tier system with quite sufficiently similar findings, 
as 95% of his cases proved to be well or moderately 
differentiated, that is, low grade, while the rest of the 
cases were poorly differentiated, that is, high grade. 
Ma et al. [20] followed an even more complex four-
tier system adding the undifferentiated category. Yet, 
the results were again similar; 85% of the cases here 
were well and moderately differentiated. In the three 
studies, regardless of the used grading, the differences 
in TACC3 expression between different tumor grades 
were not statistically significant.

The T3 stage was the most common stage 
among the cases in our study (62%)., A lesser number 
of cases were staged as T4 (27%), while T2 tumors 
were the least common (11%). None of our cases were 
excised at the T1 stage. In Du et al. study [19], T4 tumors 
were much more common forming more than half of the 
study population (55%). The T3 and T2 tumors were 
found in 25% and 20% of cases. The paucity of T1 and 
T2 tumors reflect the problem of early detection of CRCs.

Limitations

The sample size of each trial represents the major 
limitation. It was relatively small; which makes it difficult 
to give a representative result. Therefore, this should be 
considered in the upcoming trials. We recommend further 
studies on a larger number of patients of different ages, 
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and ethnic groups to confirm the prognostic role of TACC3 
in CRC such as recurrence rates and survival rates.

Conclusion

Immunohistochemical expression of TACC3 
would be valuable as a prognostic marker in cases 
of colorectal adenocarcinoma, where the expression 
was found to show stronger and more widespread 
expression in cases with higher stages. Furthermore, 
TACC3 should therefore be considered as a potential 
candidate for targeted therapy, where its blockade may 
hinder the tumor’s ability to proliferate and progress.

References

1. Rawla P, Sunkara T, Barsouk A. Epidemiology of colorectal cancer: 
Incidence, mortality, survival, and risk factors. Prz Gastroenterol. 
2019;14(2):89-103. http://doi.org/10.5114/pg.2018.81072 

 PMid:31616522
2. Haggar FA, Boushey RP. Colorectal cancer epidemiology: 

Incidence, mortality, survival, and risk factors. Clin Colon Rectal 
Surg. 2009;22(4):191-7. http://doi.org/10.1055/s-0029-1242458

 PMid:21037809
3. Sung H, Ferlay J, Siegel RL, Laversanne M, 

Soerjomataram I, Jemal A, et al. Global Cancer Statistics 
2020: GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 
2021;71(3):209-49. https://doi.org/10.3322/caac.21660

 PMid:33538338
4. World Health Organization. Egypt Source: GLOBOCAN 2020 

Number. Vol. 895. Lyon, France: International Agency for 
Research on Cancer; 2020. p. 1-2.

5. Ogino S, Nosho K, Kirkner GJ, Kawasaki T, Meyerhardt JA, 
Loda M, et al. CpG island methylator phenotype, microsatellite 
instability, BRAF mutation and clinical outcome in colon cancer. 
Gut. 2009;58(1):90-6. https://doi.org/10.1136/gut.2008.155473

 PMid:18832519
6. Phipps AI, Buchanan DD, Makar KW, Win AK, Baron JA, 

Lindor NM, et al. KRAS-mutation status in relation to colorectal 
cancer survival: The joint impact of correlated tumour markers. Br J 
Cancer. 2013;108(8):1757-64. http://doi.org/10.1038/bjc.2013.118

 PMid:23511557
7. Still IH, Vettaikkorumakankauv AK, DiMatteo A, Liang P. Structure-

function evolution of the transforming acidic coiled coil genes 
revealed by analysis of phylogenetically diverse organisms. BMC 
Evol Biol. 2004;4:16. http://doi.org/10.1186/1471-2148-4-16

 PMid:15207008
8. Ulisse S, Baldini E, Toller M, Delcros JG, Guého A, Curcio F, 

et al. Transforming acidic coiled-coil 3 and Aurora-A interact in 
human thyrocytes and their expression is deregulated in thyroid 
cancer tissues. Endocr Relat Cancer. 2007;14(3):827-37. http://
doi.org/10.1677/ERC-07-0053

 PMid:17914111
9. Lauffart B, Vaughan MM, Eddy R, Chervinsky D, DiCioccio RA, 

Black JD, et al. Aberrations of TACC1 and TACC3 are associated 
with ovarian cancer. BMC Womens Health. 2005;5:8. http://doi.

org/10.1186/1472-6874-5-8
 PMid:15918899
10. Jung CK, Jung JH, Park GS, Lee A, Kang CS, Lee KY. 

Expression of transforming acidic coiled-coil containing 
protein 3 is a novel independent prognostic marker in non-
small cell lung cancer. Pathol Int. 2006;56(9):503-9. http://doi.
org/10.1111/j.1440-1827.2006.01998.x

 PMid:16930330
11. Duncan CG, Killela PJ, Payne CA, Lampson B, Chen WC, Liu J, 

et al. Integrated genomic analyses identify ERRFI1 and TACC3 
as glioblastoma-targeted genes. Oncotarget. 2010;1(4):265-77. 
http://doi.org/10.18632/oncotarget.137

 PMid:21113414
12. Huang ZL, Lin ZR, Xiao YR, Cao X, Zhu LC, Zeng MS, et al. High 

expression of TACC3 in esophageal squamous cell carcinoma 
correlates with poor prognosis. Oncotarget. 2015;6(9):6850-61. 
http://doi.org/10.18632/oncotarget.3190

 PMid:25760075
13. Yun M, Rong J, Lin ZR, He YL, Zhang JX, Peng ZW, et al. High 

expression of transforming acidic coiled coil-containing protein 
3 strongly correlates with aggressive characteristics and poor 
prognosis of gastric cancer. Oncol Rep. 2015;34(3):1397-405. 
http://doi.org/10.3892/or.2015.4093

 PMid:26133271
14. Nahm JH, Kim H, Lee H, Cho JY, Choi YR, Yoon YS, et al. 

Transforming acidic coiled-coil-containing protein 3 (TACC3) 
overexpression in hepatocellular carcinomas is associated 
with “stemness” and epithelial-mesenchymal transition-
related marker expression and a poor prognosis. Tumour Biol. 
2016;37(1):393-403. http://doi.org/10.1007/s13277-015-3810-7

 PMid:26219896
15. Matsuda K, Miyoshi H, Hiraoka K, Yokoyama S, Haraguchi T, 

Hashiguchi T, et al. Clinicopathological and prognostic value 
of transforming acidic coiled-coil-containing protein 3 
(TACC3) expression in soft tissue sarcomas. PLoS One. 
2017;12(11):e0188096. http://doi.org/10.1371/journal.pone.0188096

 PMid:29135996
16. Nagtegaal ID, Odze RD, Klimstra D, Paradis V, Rugge M, 

Schirmacher P, et al. The 2019 WHO classification of tumours of 
the digestive system. Histopathology. 2020;76(2):182-8. http://
doi.org/10.1111/his.13975

 PMid:31433515
17. LeRoy PJ, Hunter JJ, Hoar KM, Burke KE, Shinde V, 

Ruan J, et al. Localization of human TACC3 to mitotic spindles 
is mediated by phosphorylation on Ser558 by Aurora A: A novel 
pharmacodynamic method for measuring Aurora A activity. 
Cancer Res. 2007;67(11):5362-70. http://doi.org/10.1158/0008-
5472.CAN-07-0122

 PMid:17545617
18. Wang J, Du S, Fan W, Wang P, Yang W, Yu M. TACC3 as an 

independent prognostic marker for solid tumors: A systematic 
review and meta-analysis. Oncotarget. 2017;8(43):75516-27. 
http://doi.org/10.18632/oncotarget.20466

 PMid:29088887
19. Du Y, Liu L, Wang C, Kuang B, Yan S, Zhou A, et al. TACC3 

promotes colorectal cancer tumourigenesis and correlates with 
poor prognosis. Oncotarget. 2016;7(27):41885-97. http://doi.
org/10.18632/oncotarget.9628

 PMid:27248823
20. Ma WJ, Gu YK, Peng JH, Wang XC, Yue X, Pan ZZ, 

et al. Pretreatment TACC3 expression in locally advanced 
rectal cancer decreases the response to neoadjuvant 
chemoradiotherapy. Aging (Albany NY). 2018;10(10):2755-71. 
http://doi.org/10.18632/aging.101585

 PMid:30341253

https://oamjms.eu/index.php/mjms/index

