
1

ORIGINAL ARTICLE J Bras Patol Med Lab. 2021; 57: 1-6.

10
.5

93
5/

16
76

-2
44

4.
20

21
00

60Twist1 overexpression in primary colorectal cancer
Hiperexpressão de Twist1 no carcinoma colorretal primário
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ABSTRACT 

Introduction: The Twist-related protein 1 (Twist1) is a transcription factor of the helix-loop-helix type whose high tissue expression has 
been observed in colorectal cancer (CRC) and other different neoplasms. It plays a central role in epithelial-mesenchymal transition and 
the mechanisms of invasion, metastasis, and acquired resistance to chemotherapy. Objective: To analyze Twist1 overexpression in CRC 
and its correlation with clinical pathological parameters. Methods: Twist1 overexpression was analyzed by immunohistochemistry in paired 
samples of tumor and non-tumor tissue adjacent to the tumor of 20 patients with CRC and the normal colorectal tissue of 10 patients without 
cancer (control group). Results: We observed that the Twist1 expression was predominantly cytoplasmic, with immunostaining variations 
regarding to extent and intensity. Twist1 overexpression was evidenced in 34 (68%) of the 50 samples analyzed. Twist1 overexpression is 
significantly higher in CRC and non-tumor tissue adjacent to the tumor compared to the non-cancerous colorectal tissue in the control 
group (p < 0.001), in which Twist1 overexpression was not detected. Twist1 overexpression is significantly related to higher-grade tumors 
in TNM staging (p = 0.038), but not to patient age or gender, nor tumor location and differentiation. Conclusion: Twist1 is expressed 
differently in patients with CRC and those in more advanced stages of the disease. These data suggest that Twist1 overexpression may be 
assessed as to its use as a possible tumor marker in the future.
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RESUMO 

Introdução: A proteína 1 relacionada à Twist (Twist1) é um fator de transcrição do tipo hélice-volta-hélice cuja expressão tecidual 
elevada tem sido observada no carcinoma colorretal (CCR) e em outras diferentes neoplasias. Ela tem papel central na transição 
epitelial-mesenquimal e nos processos de invasão, metástase e aquisição de resistência aos quimioterápicos. Objetivo: Analisar 
a hiperexpressão de Twist1 no CCR e sua correlação com parâmetros clinicopatológicos. Métodos: A hiperexpressão de Twist1 foi 
analisada por imuno-histoquímica em amostras pareadas de tumor e de tecido não tumoral adjacente ao tumor de 20 pacientes 
com CCR e no tecido colorretal não maligno de 10 pacientes sem neoplasia (grupo-controle). Resultados: Observamos que a 
expressão de Twist1 foi predominantemente citoplasmática, com variações na imunocoloração quanto à extensão e à intensidade. 
A hiperexpressão de Twist1 foi evidenciada em 34 das 50 (68%) amostras analisadas; foi consideravelmente maior no CCR e no 
tecido não tumoral adjacente ao tumor em relação ao tecido colorretal não maligno do grupo-controle (p < 0,001), no qual 
não foi detectada. A hiperexpressão de Twist1 está significativamente relacionada com tumores em estágios TNM mais elevados 
(p = 0,038), porém, não com idade e sexo dos pacientes, nem com localização e diferenciação tumoral. Conclusão: Twist1 está 
diferentemente expresso nos pacientes com CCR e naqueles em estágios mais avançados da doença. Esses dados sugerem que a 
hiperexpressão de Twist1 deve ser avaliada quanto ao seu emprego como possível marcador tumoral no futuro. 

Unitermos: imuno-histoquímica; expressão gênica; neoplasias colorretais; proteína 1 relacionada à Twist.
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INTRODUCTION

Colorectal cancer (CRC) is the third most prevalent type of 
cancer in the world; it is responsible for a significant morbidity 
and mortality rate(1)

.
 Most patients remain asymptomatic for 

several years; they are commonly diagnosed at advanced stage 
of the disease. However, when diagnosed at early stage, CRC is a 
treatable and often curable cancer(2). 

Twist-related protein 1 (Twist1) was recently reported as an 
important regulator of carcinogenesis and tumor metastasis in 
different solid tumors(3). It acts as a helix-loop-helix transcription 
factor; it is encoded by the Twist1 gene(4, 5). Ectopic expression of 
the Twist1 protein results in loss of cell-cell adhesion mediated 
by E-cadherin, activation of mesenchymal markers, and 
induction of cell motility(6). The expression of Twist1 induces 
the epithelial-mesenchymal transition (EMT) – necessary for the 
metastatic process –, thus contributing to tumor development and 
progression(7, 8).

In this context, studies have shown that the participation of 
Twist1 in different stages of the tumor process is directly related to 
its tissue overexpression(7, 9-12). Twist1 overexpression has a strong 
relationship with lymph node invasion, tumor progression and 
growth(13). In addition, there may be a decrease in the survival 
rate of patients with tumors that overexpress Twist1(14). The altered 
expression of Twist1 is not only limited to the tumor, it may also 
be present in the macroscopic and microscopic normal mucosa of 

individuals with different carcinomas, a fact that possibly indicates 
an early biological role of Twist1 in neoplastic transformation(9, 12). 
Regarding CRC, it was demonstrated that Twist1 is significantly 
overexpressed in tumor samples concerning the non-tumor tissue 
adjacent to the tumor, the expression was correlated with the 
presence of lymph nodes metastasis(15) and chemoresistance(16). 
The authors propose the Twist1 overexpression as a new tumor 
marker for malignancy and as a potential therapeutic target in CRC. 

OBJECTIVE

The present study was designed to evaluate the Twist1 
overexpression in a series of patients with primary CRC when 
compared to a control group (without the neoplasm).   

METHOD

Patients and tissues

Twenty patients with a confirmed diagnosis of primary 
colorectal cancer were included in the study. From these, 12 were 
women and eight were men (mean age 63.4 years, range 33 to 
75 years). Individuals with familial adenomatous polyposis, 
hereditary nonpolyposis colorectal cancer, and inflammatory 
bowel disease were excluded. None of the patients received 
anticancer treatment before inclusion in the study. Complete 

RESUMEN 

Introducción: La proteína 1 relacionada con la torsión (Twist1) es un factor de transcripción hélice-bucle-hélice cuya alta expresión 
tisular se ha observado en cáncer colorrectal (CCR) y otras neoplasias diferentes. Desempeña un papel central en la transición 
epitelio-mesénquima y en los procesos de invasión, metástasis y adquisición de resistencia a la quimioterapia. Objetivo: Analizar 
la sobreexpresión de Twist1 en CCR y su correlación con parámetros clínico-patológicos. Métodos: La sobreexpresión de Twist1 se 
analizó mediante inmunohistoquímica en muestras pareadas de tejido tumoral y no tumoral adyacente al tumor de 20 pacientes 
con CCR y tejido colorrectal normal de 10 pacientes sin cáncer (grupo control). Resultados: Observamos que la expresión de 
Twist1 fue predominantemente citoplasmática, con variaciones en la inmunotinción en términos de extensión e intensidad. La 
sobreexpresión de Twist1 se evidenció en 34 (68%) de las 50 muestras analizadas. La sobreexpresión de Twist1 es significativamente 
mayor en el CCR y el tejido no tumoral adyacente al tumor en comparación con el tejido colorrectal no canceroso en el grupo de 
control (p < 0,001), donde Twist1 no detectó sobreexpresión. La sobreexpresión de Twist1 está significativamente relacionada con 
los tumores de alto grado en la estadificación TNM (p = 0,038), pero no con la edad o el sexo del paciente, ni con la ubicación y 
diferenciación del tumor. Conclusión: Twist1 se expresa de manera diferente en pacientes con CCR y en aquellos en estadios más 
avanzados de la enfermedad. Estos datos sugieren que la sobreexpresión de Twist1 puede evaluarse para su uso como posible 
marcador tumoral en el futuro.
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information about past medical history, physical examination, 
and laboratory test results were reported by consulting the medical 
record. 

During surgical resection, two tissue samples were collected 
from each patient with colorectal cancer: a tumor sample and 
a non-tumor colorectal tissue sample located approximately 
10 cm from the tumor. After histopathological examination of the 
specimens, the pathological stage was determined according to 
the TNM System of the AJCC(17), and were distributed as follows: three 
patients in stage I; five in stage II; eight in stage III; and four in stage 
IV. Eighteen tumors were histologically diagnosed as moderately 
differentiated cancer and two as poorly differentiated cancer. 

As a non-malignant control group, 10 patients undergoing 
surgical resection for the treatment of benign intestinal diseases 
were included. This group consisted of five women and five men 
(mean age 51.7 years, range from 25 to 73 years). Tissue samples 
were obtained from a central area of the resected specimens. 
Histological analysis of the specimens confirmed the absence of 
malignant or pre-malignant lesions in the collected samples. After 
collection, samples were immediately immersed in 10% formalin 
and sent for immunohistochemical analysis. 

The present study was approved by the Research Ethics 
Committee of the hospital where the study was carried out (Conep 
registration number: 1672000100005). Informed consent was 
obtained from all patients before inclusion in the study.

 
Immunohistochemistry

Surgical specimens were subjected to dehydration in alcohol, 
immersion in xylene, and embedding in paraffin. For the 
immunohistochemical reaction, the sections were deparaffinized 
with xylene and rehydrated with ethanol solutions. Antigen recovery 
was performed in sodium citrate pH 6.0. After blocking endogenous 
peroxidase (in peroxide buffer) and possible nonspecific binding 
sites of the primary antibody (1% bovine serum albumin), tissue 
sections were incubated overnight with primary polyclonal anti-
Twist1 antibody (H-81; Santa Cruz Biotechnology, Santa Cruz, CA), 
1/50 dilution and, after washing, incubated with the second antibody 
(Kit Super ABC, EASYPath). The third incubation was performed with 
the avidin-biotin-peroxidase complex (Kit Super ABC, EASYPath), 
followed by development with diaminobenzidine. The sections were 
counterstained with Mayer’s hematoxylin for 30 seconds, washed 
with running water, dehydrated, and finished with Entellan®.

In the immunostaining analysis, each sample was evaluated 
by a pathologist blinded as to the extension (area) and intensity, as 
previously described(12). In the extension analysis, the total area of   

the slide was observed, which presented positive immunostaining, 
classified as 0 (0%), 1 (1%-30%), 2 (31%-60%), and 3 (61%-100%). 
Regarding the intensity, it was classified as 0 (negative), 1 (weak), 
2 (medium), and 3 (strong). For the final result, a score from 
0 to 6 was calculated, obtained by the sum of the extension and 
intensity scores observed in each sample. Samples with a final 
score 0 to 4 were classified as normal expression, and scores 5 and 
6 as Twist1 overexpression.

Statistical analysis

The Twist1expression profile was described through percentage 
and absolute frequency. Comparison of Twist1 expression and 
clinicopathological parameters was investigated by chi-square test 
or Fisher’s exact test, when appropriate. A p-value lower than 0.05 
was considered statistically significant. 

RESULTS 

The positive immunostaining of Twist, predominantly 
cytoplasmic, is evidenced by the appearance of brownish-
brown granules present among the nuclei counterstained with 
hematoxylin (Figure). In the global analysis of the set of 50 samples 
included in the study, there were differences in immunostaining 
regarding the extension and intensity, as shown in Table 1. Twist1 
overexpression was evidenced in 34 (68%) of the 50 samples.     

In the cancer patients group, paired samples of tumor and 
non-tumor tissue from an area located approximately 10 cm from 
the tumor were analyzed. Twist1 overexpression was observed in 
18 of 20 tumor samples and 15 of 20 non-tumor tissue adjacent 
to the tumor samples. Although they did not differ from each 
other, both results were statistically significant when compared 
with non-malignant colorectal tissue samples from control group 
patients (p < 0.001), in which Twist1 overexpression was not 
detected (Table 2). In 14 cancer patients, Twist1 overexpression 
was detected in both tumor tissue and adjacent non-tumor tissue; 
in four, overexpression was detected only in the tumor; in one, 
only in adjacent non-tumor tissue; and in one, there was no 
overexpression in the tumor or the adjacent non-tumor tissue. 

The clinical and pathological characteristics of CRC cases 
were analyzed for their association with Twist1 overexpression 
(Table 3). Twist1 overexpression is less frequently detected in stage 
I and II tumors when compared to more advanced stage tumors 
(p < 0.05). No significant differences were observed regarding the 
age and gender of the patients, as well as the location and degree 
of tumors histological differentiation. 
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DISCUSSION

In this study, we analyzed the expression of Twist1 in tumors 
and adjacent normal tissues, as well as the relationship between 
overexpression of the Twist1 protein and clinicopathological 
parameters of patients with CRC. We observed that the Twist1 
occurrence is cytoplasmic, with or without nuclear expression, and 
the overexpression of this protein is exclusive to tumor tissues, not 
occurring in the normal colon mucosa of patients without CRC, 
indicating it as a potential tumor marker.  

New reports aim to contribute to the definition of the biological 
role of Twist1 in CRC. Previous studies have evidenced the 
contribution of this protein in tumor development and metastasis, 
as well as its influence on the prognosis of carrier patients(10, 13, 14, 18). 
It is known that Twist1 plays a central role in EMT, a process that 
leads to changes in polarity, intercellular adhesion molecules, and 
cell mobility. EMT is initiated when proteins such as N-cadherin, 
Twist1, and fibronectin are overexpressed, while EMT inhibitors 
such as E-cadherin and cytokeratins have their expression 
decreased(3). 

The present study is the first to investigate the Twist1 
overexpression in patients with CRC, comparing them to the 
control group without cancer. Our data demonstrate that 
the Twist1 expression was elevated in 18 samples from patients 
with a confirmed diagnosis of CRC but in none of the tissues in the 
non-malignant control group (p < 0.001). The absence of Twist 
overexpression in the control group suggests that this alteration 
may represent an essential cofactor in the development of CRC and 
not a merely incidental finding. 

We also observed that in patients with CRC, Twist1 overexpression 
occurs both in tumor cells and in the mucosa that still does not show 
visible macro- or microscopic changes. This finding had already 
been described in other neoplasms(7, 8, 11, 12) and other studies with 
CRC(14, 15, 18, 19). The detection of overexpression in the normal mucosa 
of patients with CRC suggests that this may be an early event in the 
process of colorectal carcinogenesis. Kyo et al. (2006)(12), when 
analyzing Twist1 in endometrial tumors, found expression in the 
margins of tumor foci and, in some cases, in the strongly stained 
histologically normal stroma. One explanation for these findings is 
that such cells, despite being morphologically similar to the normal 
stroma, could already present genetic or epigenetic changes, or be 
derived from cancer cells. Furthermore, the Twist1 overexpression, in 
the margins of tumoral foci and tissues adjacent to the tumors, may 
be a consequence of intratumoral hypoxia(6).

However, there is still controversy in the literature over how 
this expression is changed as the disease progresses. A study similar 

TABLE 3 – Association of Twist1 protein overexpression and the main 
clinicopathological characteristics

Characteristics n
CRCs Non-tumor tissue adjacent

    Overexpression p Overexpression p
All patients 20 18 15

Age (years)
  ≥ 50 16 15 0.957 13 0.369
  ≤ 50 4 3 2

Sex
  Female 12 10 0.745 9 0.802
  Male 8 8 6

Tumor location
  Right colon 3 2 0.365 2 0.477
  Left colon 7 7 5
  Rectum 10 9 8

Tumor differentiation
  Well/moderately 18 17 0.804 13 0.966

  Poorly 2 1 2
TNM

  I-II 8 6 0.038 5 0.246
  III-IV 12 12 10

Twist1: Twist-related protein 1; CRC: colorectal cancer.

TABLE 1 – Composition of final immunostaining scores of Twist1

Immunohistochemical analysis of Twist1
Extension Intensity Final score

Score n Score n n (%)
  0 0   0 0

0-4 16 (32) 
  1 0   1 15 
  2 3   2 9 

5-6 34 (68)
  3 47   3 26 

Twist1: Twist-related protein 1.

TABLE 2 – Twist1 expression in normal colorectal tissue, in CRC, 
and in non-tumor tissue adjacent to the tumor

Histology n Twist1

 
Normal expression

(%)
Overexpression 

(%) p*

Normal colorectal tissue 10 10 (100) 0 (0) < 0.001
CRC 20 2 (10) 18 (90) 0.905

Non-tumor tissue adjacent 20 5 (25) 15 (75)  
Twist1: Twist-related protein 1; CRC: colorectal cancer; *Twist1 expression in normal 
colorectal tissue versus non-tumor tissue adjacent to tumor (p = 0.006).

FIGURE – Twist1 positive cytoplasmic immunostaining in normal mucosa and colorectal 
tumor samples. From a-c, examples of carcinoma with staining intensity classified in this 
study as weak (a), medium (b), and strong (c)

Normal mucosa 
Colorectal carcinoma

(a) (b) (c)
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to ours conducted by Gomez et al. (2011)(14) revealed that the 
Twist1 overexpression was restricted to tumor tissues (86.1%), and 
normal mucosa was not found in patients with CRC. These data 
together indicate that, although Twist1 overexpression is a more 
frequent event concerning disease progression (normal mucosa > 
normal adjacent mucosa > tumor), the exact knowledge about 
the meaning of this biological finding remains unclear.

In this study, the positive reaction and interaction between 
Twist1 and the anti-Twist1 antibody with the second antibody were 
predominantly observed in the cytoplasm of epithelial cells. This 
finding is in line with that observed in the previous study(16), which 
also verified the cytoplasmic location of Twist1 in CRC. Rauof et al. 
(2021)(18) reported the cytoplasmic and nuclear localization of 
Twist1 in CRC, despite noting that this nuclear expression is 
confined to higher TNM stages tumors, as a late alteration in CRC 
carcinogenesis. This difference could be explained by our small 
sample size, deserving further confirmation.  

This work demonstrated that Twist1 overexpression in CRC 
is significantly related to higher TNM stages, as evidenced in 
previous studies(13, 15, 16, 20). Regarding Twist1 in CRC, previous 
studies have demonstrated its role in carcinogenesis, such as 
the induction of EMT in cells in vitro(16). Consistent with these 
results, we demonstrate here that the relationship between Twist1 
overexpression and high TNM stages suggests the involvement of 
Twist1 in the processes of invasion and metastasis in CRC. However, 
we did not find a clear correlation between overexpression and 
other relevant clinicopathological parameters in CRC. Our data 
do not confirm the finding that Twist1 overexpression is related 
to low tumor differentiation, as observed by some authors(18, 21). In 
addition, we also did not observe a relationship between Twist1 
overexpression and gender and age, which corroborates the results 
of previous studies(16, 20), but this is in disagreement with the study 
by Valdez-Mora et al. (2009)(15), who found significantly higher 
Twist1 expression in men. These differences can be attributed 

to the determination of the Twist1 expression level [messenger 
ribonucleic acid (mRNA)] by polymerase chain reaction (PCR) in 
real-time or to different cut-offs of the analyzed variables. 

There seems to be evidence of the relationship between 
Twist1 overexpression and reduced survival rate(13, 14, 22, 23) and 
the acquired resistance to chemotherapy(18), which interfere in the 
prognosis of patients with  CRC. However, the absence of follow-up 
data in our study did not allow us to analyze the influence of 
Twist1 overexpression on the clinical course of patients and how 
it affects the overall survival and disease-free survival of patients 
with CRC. Additional studies that assess the influence of Twist1 
overexpression on prognosis are required.  

CONCLUSION

Twist1 is frequently overexpressed in tumor tissue and the 
normal mucosa adjacent to the tumor of patients with CRC, but 
it is not found in patients without the neoplasm. This finding may 
indicate the early involvement of Twist1 in CRC, carcinogenesis, 
suggesting its possible application as a tumor marker. Twist1 is 
also associated with the clinical course of CRC, as it is significantly 
more expressed in tumors at higher TNM stages. However, it 
should be noted that these observations deserve to be confirmed in 
studies that analyze a larger number of individuals and clarify the 
molecular pathways responsible for the alterations observed here, 
aiming at the application of Twist1 as a diagnostic or prognostic 
biomarker in CRC.
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