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Abstract 

Background: Searching for new methods for breast cancer (BC) diagnosis at early stages is widely demanded. Trefoil factor-

3 (TFF3) mRNA is expressed in BCs and cell lines. We aimed in this study to evaluate TFF3 clinical value in BC development 

and progression. 

Methods: In Egyptian females with BC (n=120), benign breast disease (n=40) and healthy women (n=40), TFF3 blood levels 

were measured by ELISA. Receiver operating characteristic (ROC) curve was performed for evaluation TFF3 diagnostic 

ability. 

Results: Serum TFF3 was more significantly (P=0.027) higher in BC patients [5.3 (4.5-6.7) vs. 4.7 (4-4.8) and 3.9 (3-4.4)] 

than benign and healthy controls, respectively. TFF3 (AUC=0.759; P<0.0001) had superior diagnostic power compared to 

CEA (AUC=0.570) and CA-15.3 (AUC=0.619). TFF3 sensitivity and specificity were 75 and 60%, respectively. This good 

performance did not significantly affect in disease early stages (AUC=0.718; sensitivity=71.8%; specificity=60%). This 

diagnostic power increase when comparing BC patients to only healthy controls (AUC=0.840; sensitivity=75%; 

specificity=77.5%). Elevated TFF3 levels were associated disease progression including tumor multiple lesions (r=0.23), late 

stage (r=0.25), high grade (r=0.34), large size (r=0.28), lymph node involvement (r=0.33) and non-luminal BC molecular 

subtypes. 

Conclusions: TFF3 is inexpensive, rapid, easy to perform and reliably BC biomarker. Moreover, its association with disease 

severity may support its potential role as prognostic BC marker. 

Keywords: Breast cancer; Diagnosis; Biomarker; TFF3; Serum 

Introduction 

In women, it is like a fact that BC has the highest incidence of all tumors 

[1]. Despite a lower BC incidence in developing countries, the mortality 

rate is generally higher compared to developed countries [2]. This is likely 

due to limited access to treatment, late stage at diagnosis and delayed 

disease presentation. This shows both their lifestyles BC risk factors and 

the utility and availability of proper BC screening [3]. From another hand, 

effective treatments are suitable for patients with early stages instead of 

patients with late stages [4]. Thus, identifying easy and specific 

biomarkers associated with BC development and progression is vital for 

improving BC patients prognosis efficacy [4]. 

Trefoil factors are stable small peptides that secreted by gastrointestinal 

tract epithelial mucus secreting cells [5]. They constitute 3 peptides 

(TFF1, 2, and 3) that are broadly expressed in tissue specific manner [5]. 

Human TFF3 gene encodes small secreted protein (59 amino acids) [6]. 

Increasing evidence has suggested that TFF3 has important roles in both 

development and progression of several human tumors [6]. Indeed, TFF3 

expression was reported to be increased in prostate [7], mammary [8], 
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lung [9], hepatocellular [10], gastric [11], endometrial [12] and colorectal 

[13] carcinomas. In contrast to normal mammary gland [14], elevated 

TFF3 expression was reported in BC tissues [15] and these levels were 

positive in more than 90% of invasive ductal carcinoma [16].  

As studies evaluating TFF3 as BC diagnostic biomarker and also these 

that regarding its association with BC clinicopathological features are 

very limited, we aimed in this study to further evaluate TFF3 BC 

diagnostic value compared to established BC tumor markers (CEA and 

CA-15.3). Also, we aimed to evaluate its association with some tumor 

severity features including, number of lesions, stage, grade, size and 

lymph node invasion. 

Material and methods 

Study population 

Retrospective study was performed between February and June/2021 

involving Egyptian women with BC (n=120), with benign diseases (n=40) 

and 40 age-matched healthy females. They were recruited from Oncology 

Centre, Mansoura University, Egypt. All patients were clinically, 

radiologically and pathologically diagnosed for BC. All patients were 

hormonally healthy and patient with metastases, other tumor types or 

undergone radio-/chemo- therapy were excluded. None of healthy and 

benign controls had any malignant history. The disease was 

pathologically classified according to Tumor-Nodes-Metastasis (TNM) 

Classification of Malignant Tumours of the Union for International 

Cancer Control [17]. Study protcol was approved by Mansoura University 

Hospitals Ethics and Scientifc Committees. Written informed consent was 

obtained from all patients and controls.  

Biochemical analysis of tumor markers 

After diagnosis and according to the manufacturer’s instructions, TFF3 

was determined using ELISA commercial kit (Abcam, Cambridge, UK). 

Also, all patients and controls were screened for CEA and CA-15.3 using 

commercial ELISA kit (MyBioSource, San Diego, USA).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Differences between groups were established by a ANOVA or b Chi-squared (X2), appropriately. 

Table 1: Characteristics of included females 

Statistical analysis 

Analyses were performed using GraphPad Prism and SPSS programs. 

Variables levels was expressed as absolute numbers, mean±SD or median 

(interquartile range), appropriately. ANOVA, Chi-squared (X2) or 

Kruskal-Wallis tests were appropriately performed for differences 

assessments follwed by LSD as post-hoc test. P value <0.05 is significant. 

Sample size was determined using MedCalc (Belgium) software and it 

was according to the difference between previously reported mean TFF3 

levels [5] in breast cancer and healthy controls. Significance (α) level of 

5% and a statistical power (1-β) level of 80% were used. The highest 

sample size of 156 was required to achieve confidence range, so the 

sample size of our study (n=200) was sufficient to perform statistical 

analysis. TFF3 diagnostic ability was assessed by receiver operating-

characteristic (ROC) curves and cut-off point was determined based on 

the point closest to the (0, 1) point (the minimal (1-sensitiity)2+(1-

specifiity)2) [18]. Correlations were evaluated by Spearman’s rank 

correlation analysis.  

Results 

TFF3 and breast cancer development 

Patients and controls were age-matched (P=0.553). Most of included 

women were postmenopausal. Tumor features including stage, grade, 

size, lymph node status, hormonal status and HER-2 protein detection 

were summarized in Table 1. Despite CEA and CA-15.3, it was reported 

that serum TFF3 [5.3 (4.5-6.7) vs. 4.7 (4-4.8) and 3.9 (3-4.4)] in BC 

patients was more significantly (P=0.027) higher than benign and healthy 

controls, respectively (Figure 1). 

 

Parameter Healthy Benign 
Breast 

cancer 
P value 

Number 40 40 120 ـــ 

Age (years) 44.0 ± 8.6 46.4 ± 9.1 48.6 ± 10.9 0.553a 

Menopause (Pre-/post-menopausal)  18/22  16/24  43/77  0.455b 

Lesion (single/multiple) ـــ 96/24 ـــ ـــ 

Tumor size (<2cm/>2cm) ـــ 56/64 ـــ ـــ 

Tumor stage (T≤2/T>2) ـــ 78/42 ـــ ـــ 

Tumor grade (G1/G2-3) ـــ  ـــ 36/84 ـــ 

Lymph node (negative/positive) ـــ 60/80 ـــ ـــ 

Estrogen receptor (negative/positive) ـــ 36/84 ـــ ـــ 

Progesterone receptor (negative/ 

positive)  
 ـــ 33/87 ـــ

HER-2/neu (negative/positive) ـــ 42/78 ـــ ـــ 



International J. of Biomed Research                                                                                                                                                    Copy rights@ Mohamed A. Abdelrazek et.al. 

 

 
Auctores Publishing LLC – Volume 2(9)-089 www.auctoresonline.org  
   Page 3 of 7 

 
 

Figure 1: TFF3 levels between patients and controls. BC patients were significantly associated with elevated (A) TFF3 levels compared to (B) CEA 

and (C) CA 15-3.  

TFF3 diagnostic ability  

Regarding BC diagnosis, ROC curve analysis revealed that TFF3 

(AUC=0.759; P<0.0001; Figure 2) had superior diagnostic power 

compared to CEA and CA-15.3 (Table 2). At cut-off >4.4 ng/mL, TFF3 

sensitivity and specificity were 75 and 60%, respectively. In early stages 

detection, this good diagnostic performance did not significantly affect 

(Table 2). These values rose to AUC=0.862; sensitivity=73.3%; and 

specificity=77.5% when discriminate BC patients to only healthy 

controls. 
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Table 2: Diagnostic performance of HE4 to discriminate BC patients 

Abbreviations: CEA: carcinoembryonic antigen; CA-15.3: cancer antigen 15.3 and TFF3: trefoil factor 3. 

 

 

Figure 2: ROC curve for TFF3 to discriminate BC patients from all non-cancer controls (benign and healthy).  

Elevated TFF3 was associated with disease progression  

Elevated TFF3 blood levels were significantly (P<0.05) correlated with 

disease progression (Table 3) including tumor multiple lesions (Figure 

3A; r=0.23), late stage (Figure 3B; r=0.25), high grade (Figure 3C; 

r=0.34), large size (Figure 3D; r=0.28) and lymph node invasion (Figure 

3E; r=0.33). Moreover, TFF3 levels were greater in non-luminal 

compared to luminal BC molecular subtypes (Figure. 3F). 

 

Factor 
Spearman correlation 

r P value 

Lesions 0.23 0.039 

Tumor T stage 0.25 0.040 

Tumor grade 0.34 0.004 

Lymph node  0.33 0.045 

Marker 

 

AUC 

(95% CI) 

P value Cutoff Sensitivity (%) 
Specificity 

(%) 

BC from all non-cancer  

CEA (ng/mL) 0.570 (0.47-0.67) 0.229 2.6 61.7 50 

CA-15.3 (ng/mL) 0.619 (0.52-0.72) 0.035 14.5 65 56.3 

TFF3 (ng/mL)   4.4 75 60 

Early stages (T>2) 

from all non-cancer  
0.759 (0.69-0.85) <0.0001 

CEA (ng/mL) 0.547 (0.41-0.65) 0.434 2.6 56.4 50 

CA-15.3 (ng/mL) 0.602 (0.50-0.70) 0.087 14.5 61.5 56.3 

TFF3 (ng/mL)   4.4 71.8 60 

BC from healthy  0.729 (0.65-0.84) <0.0001 

CEA (ng/mL) 0.621 (0.50-0.74) 0.111 2.6 61.7 56.3 

CA-15.3 (ng/mL) 0.690 (0.58-0.80) 0.011 14.5 65 72.5 

TFF3 (ng/mL) 0.840 (0.75-0.93) <0.0001 4.4 75 77.5 

https://labtestsonline.org/tests/carcinoembryonic-antigen-cea
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Clinical stage  0.30 0.018 

Tumor size 0.28 0.011 

Table 3: Correlation between TFF3 and some tumor features 

 

Figure 3: TFF3 elevated levels were distributed according to tumor (A) number of lesions, (B) stage, (C) grades, (D) size, (E) lymph node invasion, 

and (F) molecular subtypes.  

Discussion 

Understanding the diagnostic modalities and complex algorithms used to 

assess prognostic, predictive and diagnostic biomarkers is central for 

quality oncology care [19]. TFF peptides are family of growth factor-like 

peptides which was first suggeted in 1988 by Thim [20]. Their gene 

expression has been detected in almost all mucus-secreting cells, e.g., 

cervical secretions, seminal plasma, prostate, respiratory tissues, salivary 

glands, ocular tissues, gastrointestinal tract and milk [21]. Among them, 

TFF3 mRNA is expressed in BCs and cell lines [8]. This mRNA 

expression is related to osteo- and cerebrospinal- metastasis. Also, its 

protein expression is associated with local metastasis and lymph node 

involvement [8]. 
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In this study, we aimed to evaluate blood TFF3 easy test in BC detection 

using two controls group (healthy females and patients with benign breast 

disorders). Our results revealed that that serum TFF3 was more 

significantly (P=0.027) higher in BC patients [5.3 (4.5-6.7) vs. 4.7 (4-4.8) 

and 3.9 (3-4.4)] than benign and healthy controls, respectively. Moreover, 

ROC curve analysis showed that TFF3 (AUC=0.759; P<0.0001) had 

superior diagnostic power compared to CEA (AUC=0.570) and CA-15.3 

(AUC=0.619). TFF3 sensitivity and specificity were 75 and 60%, 

respectively. This good performance did not significantly affect in disease 

early stages. This diagnostic power increase when comparing BC patients 

to only healthy controls (AUC=0.840; sensitivity=75%; 

specificity=77.5%). 

These results demonstrate that TFF3 may be a promising predictive BC 

biomarker. TFF3 is as an oncogene that may stimulate tumor cell 

oncogenicity, survival, proliferation, and invasion in several cancers, such 

as prostate, gastric and mammary carcinomas [22]. In both invasive BC 

and ductal carcinoma in situ, elevated TFF3 expression is observed [15, 

23]. In mammary carcinoma, it was reported that TFF3 is potent 

angiogenic factor and functions as de novo angiogenesis promoter. This 

may co-coordinate with tumor growth, metastatic actions and enhancing 

tumor progression [24]. Similar to our findings, Ishibashi et al. 

immunohistochemically found that TFF3 expression was positive in 

73.9% of BCs. They also found that serum TFF3 was significantly higher 

in BC patients and they found that TFF3 had AUC=0.72 [5].  

Another important result of this study is that elevated TFF3 levels were 

significantly (P<0.05) correlated with disease progression including 

tumor multiple lesions (r=0.23), late stage (r=0.25), high grade (r=0.34), 

large size (r=0.28) and lymph node involvement (r=0.33). Moreover, 

TFF3 levels were greater in non-luminal compared to luminal BC 

molecular subtypes. 

It is well known that this peptide is related to tumor metastasis and 

invasion which plays very important roles in tumors progression [22]. In 

BC, TFF3 participated in tumor invasion metastasis through 

CDH1repression mediated by STAT3 [25]. CDH1, tumor suppressor 

glycoprotein, is one of main cell adhesion complexes constituents and 

mediates calcium-dependent cellular interactions in epithelial cells, which 

plays important role in adherent type junctions’ establishment [26]. 

CDH1 expression dysfunction or loss associates with cell–cell interaction 

loss which promotes tumor cells to gain an invasive cell phenotype and 

metastasis [22]. Our results found that elevated levels of TFF3 were 

associated with non-luminal tumor subtypes and this is in agreement with 

other studies that found that TFF3 expression is significantly associated 

with increased resistance to chemotherapy [27]. 

In conclusion in this study compared to benign and healthy controls, 

expression levels of TFF3 were significantly elevated in BC patients. In 

contrast to other established biomarkers (CEA and CA-15.3), TFF3 had 

superior diagnostic ability in BC detection especially in early disease 

stages. This study may include some limitations like retrospective nature 

and single-center patient’s cohort. Thus, future more multicentric 

comprehensive studies are required to examine TFF3 prospective 

analysis. 
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