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ABSTRACT 

Background & objectives: Breast cancer is a major worldwide health issue. A delayed and often inadequate 
diagnosis results in the death of many women. As a result, it is beneficial to conduct research and analyze new 
markers for an early diagnosis and surveillance of the breast cancer. This study aimed to examine the following 
novel diagnostic biomarkers in the serum of women with breast cancer: Trefoil Factor 1 (TFF1), Cytokeratin 21-
1 (CYRA21-1), and matrix metalloproteinase-9 (MMP-9) to establish any relationship in between.  

Methodology: This case-control study comprised of 72 women diagnosed with breast cancer. The participants 
were distributed as follows: pretreatment group (n = 15) and a post-treatment group with chemotherapy 
composed of anthracycline, cyclophosphamide, and docetaxel (ACD) (n = 57). A total of 15 healthy women were 
included in the control group. Concentrations of TFF1, CYRA21-1, and MPP-9 were measured in all study groups.  

Results: The results revealed significant increases in TFF1, CYRA21-1, and MPP-9 levels (P< 0.000) in all patient 
groups before and after chemotherapy compared to the control group. TFF1 levels also showed a significant 
positive correlation with MPP-9 levels.  

Conclusion: This study identified TFF1, CYFRA 21-1, and MMP-9 as valuable diagnostic biomarkers for the 
diagnosis of breast cancer with differential response to chemotherapy. While CYFRA 21-1 and MMP-9 showed 
consistent diagnostic potential, TFF1 levels were partially reduced post-treatment. 
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1. INTRODUCTION 

Breast cancer is a major health issue worldwide. It is 

the most frequently diagnosed carcinoma globally and 

a primary cause of cancer-related deaths among 

women. In 2020, over 50 percent of breast cancer 

diagnoses and two-thirds of breast cancer-related 

deaths occurred in less developed regions, despite the 

disease's prior association with affluent nations.1–3 
Therefore, diagnostic and prognostic assessments 

remain the primary preventive and treatment 

approaches for the spread of breast cancer. In the 

present study, we aimed to assess the diagnostic value 

of newly discovered biomarkers (TFF1, Cytokeratin 

21-1, MMP9) to detect BC in the preliminary phase. 

Previous studies have shown their significance in the 

diagnosis of various types of cancer. Trefoil Factors 

are components of the mucus barrier and are found in 

exocrine bodily fluids, such as gastric juice, saliva, and 

breast milk. Urine and tears.4 Trefoil Factor-1 (TFF1) 

was first identified in the MCF-7 breast cancer cell line 

and is commonly found in gastric carcinomas and 

gastroduodenal mucosa. It also interacts with mucins 

and other members of the ECM, enhancing its 

protective role and playing a role in repair. Trefoil 

Factor-1 plays a crucial role in maintaining the 

structural integrity of epithelia, with anti-damage and 

repair-promoting effects on the tissue. They strengthen 
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the mucosa and contribute to cell growth and 

movement, which are crucial for tissue repair.5 It has 

been identified as a biomarker of metastatic colon 

cancer.6 TFF1 is encoded by the Trefoil Factor1 gene, 
which is located on chromosome 21 in humans. TFF1 

is predominantly expressed in the gastrointestinal 

tract, including the stomach, duodenum, and 

mammary gland. Nonetheless, TFF1 in triple-negative 

breast cancer has been investigated relatively rarely to 

date.7 TFF1 has also been implicated in gastric cancer. 

Under conditions of mucosal damage and 

inflammation, TFF1 can be induced. Thus, the 

function of TFF1 may be context-sensitive, depending 

on the type and stage of cancer.8 

Cytokeratin 21-1 (CK 21-1) is a proteolytic 

degradation product of cytokeratin 19 (CK19), a 

structural component of epithelial cell intermediate 

filaments. Specifically, CK 21-1 represents soluble 

fragments of CK19 released into the systemic 

circulation during pathological processes,9 an 

intermediate filament protein of epithelial cells. This 

fragment is mainly employed in oncology to evaluate 

the overall progression of the disease as well as the 

response to therapy, especially in cancers that sample 

strongly for cytokeratin 19,10  Elevated levels of 

CYRA21-1 in the serum or blood can result from the 

breakdown of cytokeratin 19 in response to cellular 

damage or cancerous processes. Cytokeratin 21-1 

serves as a marker for cancer diagnosis and 

monitoring. It is particularly useful for detecting the 

presence of tumor cells and tracking disease 

progression because of its release from epithelial cells 

during tumor invasion and metastasis. It is elevated in 

lung cancer,11 but is not a primary marker of prostate 

cancer.12 Cytokeratin 21-1 is useful in identifying 

epithelial cancers on a general basis because it 

originates from cytokeratin 19. However, their utility 

is cancer type- and stage-dependent. Analogously, 

according to the available studies, the utility of 

CYRA21-1 as a biomarker in gastric and colorectal 

cancers is still being assessed and is not as established 

as in breast and lung cancers.12,13  

Human matrix metalloproteinase 9 (MMP9), also 

known as Gelatinase B, belongs to the type IV 

collagenase family. It is distinguished by its zinc 

content and participates in pathological processes that 

result in massive tissue dissolution, as well as 

physiological functions that involve the degradation of 

the tissue matrix. Because of the function of the 

enzyme, it is a particularly promising target for 

studying the mechanisms by which specific diseases 

and therapies drive tissue disintegration.14 Human 

matrix metalloproteinase 9 is encoded by the MMP9 

gene, which is located on chromosome 20 in humans. 

This protein is synthesized as an inactive proenzyme 

(proMMP-9), which requires activation to become 

functionally active. Human matrix metalloproteinase 9 

is produced primarily by neutrophils but also by other 

cell types, such as macrophages, fibroblasts, and 

cancer cells. It is released into the extracellular 

environment in response to stimuli, such as 

inflammation and tissue damage. Matrix 

metalloproteinase 9 isolated from humans has been 

implicated in the final step of tissue remodeling 

through the cleavage of type IV and type V collagen, 

which forms the basis of the basement membrane and 

Extracellular Matrix (ECM). This activity is crucial for 

tissue remodeling and repair. The exception is 

breaking down ECM boundaries, in which MMP-9 

also promotes cell migration and invasion, which is 

essential for wound healing, but also for pathological 

conditions, such as cancer metastases.15 Elevated 

levels of MMP-9 are often linked to aggressive cancer 

behavior and poor prognosis in various cancers, 

including lung and prostate cancers.16,17  CYFRA 21-1 

is mainly a detection marker indicative of tumor-

induced degradation,9 whereas TFF1 is context-

dependent and capable of suppressing and supporting 

tumorigenesis7. MMP-9 is an essential factor 

involved in cancer progression via several 

mechanisms.18 These biomarkers offer complementary 

insights into cancer biology, making them promising 

components of multi-marker panels for cancer 

diagnosis, prognostic evaluation, and therapeutic 

monitoring.7,9,18 Treatment with chemotherapy in 

women with breast cancer changed some measured 

biomarkers, such as oxidative stress-related 

biomarkers.19 We believe that it is worthwhile to study 

the above markers before and after chemotherapy to 

determine whether they affect the diagnostic ability of 

these novel biomarkers. The current study aimed to 

examine Trefoil Factor 1 (TFF1), Cytokeratin 21-1 

(CYRA21-1), and matrix metalloproteinase-9 (MMP-

9) as novel diagnostic biomarkers in the serum of 

women with breast cancer and a healthy control group. 

2. METHODOLOGY 

This was a case-control study. This study included 

patients who visited the Oncology and Hematology 

Center/Tumor LAB Department of Al-Sadder 

Teaching Hospital in Basrah governorate; the sample 

was taken in the duration of December 2023 to May 

2024. Diagnosis of breast cancer is based on The TNM 

stage (Tumor, Node, Metastasis) system, a globally 

standardized framework that categorizes malignancies 

based on their anatomical extent. This system 

classifies primary tumor size and invasiveness (T), 

regional lymph node involvement (N), and distant 

metastasis (M). The American Joint Committee on 

Cancer (AJCC) delineates breast cancer staging into 

two categories: anatomic staging, which relies solely 

on TNM criteria, and prognostic staging, which 

incorporates TNM alongside histopathological tumor 

grade and biomarker profiles (e.g., hormone receptor 

and HER2 status). The study population comprised 72 

women with breast cancer divided into two categories: 

15 before therapy (group 2) and 57 post treated with 

chemotherapy, which included 18 women at stage 1 

(group 3), 32 at stage 2 (group 4), and 7 at stage 3 
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(group 5). Fifteen apparently healthy women served as 

the control group (Group 1). 

Inclusion and Exclusion criteria 

Patients with other chronic diseases (cardiovascular 

diseases, infections, and endocrine disorders) were 

excluded from the study. 

Sample collection 

Both patients and controls were dispensed in a gel tube 

and allowed to coagulate at room temperature for 10 

min. Blood samples were centrifuged at 3000 rpm for 

5 min. Subsequently, the sera were precipitated and 

stored at − 20 °C until further use. Serum evaluations 

of the three biomarkers were conducted utilizing 

ELISA (Enzyme-Linked Immunosorbent Assay 

(ELISA) with the following specific commercial kits: 

(TFF1, CYRA21-1, and MMP-9) (Elabscience, USA). 

All ELISA were performed according to the 

manufacturer's instructions.  

Statistical analysis 

T he collected data were entered into SPSS version 26 
for tabulation and analyses. Variables were coded and 
defined such that categorical variables were presented 
as frequencies and percentages, whereas continuous 
variables were presented as means and standard 
deviations. The Kolmogorov test was used to examine 
the normality of the continuous variables. The 
Kruskal–Wallis test was used to investigate the 
differences in the variables across the five study 
groups. Pairwise comparisons were made for variables 
that showed significant statistical differences. 
Corresponding post-hoc tests were used to examine 
between-group differences. The level of significance 
was set at p < 0.05. 

3. RESULTS 

The present case-control study population comprised 

72 women with breast cancer, divided into two 

categories: 15 before therapy (group 2) and 57 post-

Table 1: A Comparison between the studied biomarkers in all of the five groups 

Parameter Control 

(n = 15) 

Pretreatment  

(n = 15) 

Stage 1 

(n = 18) 

Stage 2 

(n = 32) 

Stage 3 

(n = 7) 

P value 

Age (years) 44.60 ±13.94A 49.27 ± 6.2A 

 

49.28± 7.48A 48.75 ± 7.02A 

 

51.14 ± 5.01A 

 

0.682 

TFF1 

(Pg/ml) 

38.49 ± 10.7A 371.86 ± 29.33B 327.33 ± 40.23C 328.62±44.7C 345.57±31.41
C 

0.0001** 

CYFRA21-1 

(ng/ml) 

1.94 ± 0.37A 13.17 ± 2.57B 

 

13.86 ± 3.57B 

 

14.09±4.187B 

 

14.96 ± 4.71B 

 

0.0001** 

MMP9 

(ng/ml) 

5.53 ± 3.6A 11.15 ± 1.2B 11.71 ± 1.81B 11.15 ± 1.83B 10.1 ± 1.85B 0.0001** 

*Kruskal Wallis test  **Significant at 0.05 level. Capital letters A, B, and C indicate the level of significance following Tukey's 
multiple comparisons test; similar letters indicate no significant differences, whereas different letters indicate significant 
differences. 

Figure 1: Level of TFF1 in serum in the study groups 
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treated with chemotherapy, which comprised 18 

women at stage 1 (group 3), 32 women at stage 2 

(group 4), and 7 women at stage 3 (group 5). Fifteen 

healthy women were included in the control group 

(Group 1). Table 1 shows that There were no  

significant differences in age between the study groups 

(Table 1). TFF1 levels increased significantly in all 

patient groups post- and pre-treatment in comparison 

to the experimental control group (P < 0.0001), and the 

post-treatment group demonstrated significant 

decreases in comparison to the pre-treatment group, as 

shown in Table 1. CYFRA 21-1 

levels in the same table were also 

much higher in all the patient groups, 

post- and pre-treatment groups, than 

in the control experimental group. 

However, the data presented in Table 

1 demonstrate that MMP-9 levels 

were significantly elevated across all 

patient groups, including both the 

pre-treatment and post-treatment 

cohorts, when compared to the 

Table 2: A correlation among the studied biomarkers. 

Biomarker CYFRA21_1 TFF1 MM_9 

CYFRA21_1 r 1.000 -0.085 -0.053 

P value 

 

0.645 0.773 

TFF1 r -0.085 1.000 0.412 

P value 0.645 

 

0.019* 

*Spearman correlation coefficient; P < 0.05 considered as significant 

  Figure 2: Level of CYRA21-1 in serum in the study groups 

Figure 3: Level of MMP-9 in serum in the study groups correlation among the studied biomarkers: 
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control or healthy group. However, a slight reduction 

in MMP-9 levels was observed, particularly in the 

stage 3 patient group, although these levels remained 

significantly higher than those in the control group. In 

summary, TFF1, CYFRA 21-1, and MMP-9 levels 

changed significantly with disease progression and 

treatment (Table 1). (1), (2), and (3). 

Table 3 shows a moderate positive correlation between 

the TFF1 and MMP-9 levels (R= 0.412, P = 0.019).      

4. DISCUSSION 

The present study demonstrated a significant elevation 

in TFF1 levels across all patient cohorts following 

treatment compared to the experimental control group. 

Concurrently, a marked reduction in TFF1 levels was 

observed in the post-treatment groups, consistent with 

recent findings of elevated TFF1 expression in patients 

with BC. For instance, Lang et al. (2021) documented 

that TFF1 is overexpressed in BC tissues and that its 

expression levels are positively correlated with tumor 

grade and stage. These results confirm the initial 

hypothesis that TFF1 might be a candidate biomarker 

for BC progression. Moreover, their results also 

validated that a high level of TFF1 was generally 

associated with an increased cancer grade and more 

processive stage of BC tissues in comparison with 

adjacent normal tissue,20 which provides a rationale for 

exploring the prognostic implications  of TFF1 in BC. 

A subsequent study by Yi et al. (2020) also identified 

TFF1 as an early cancer biomarker. TFF1 levels were 

significantly higher in patients with early-stage BC 

than in healthy control subjects. This indicates that 

TFF1 could be a promising biomarker for the 

diagnosis of early stage cancer and is helpful for 

cancer multiplexing.21  

TFF1 is widely recognized for its critical role in 

mucosal protection and repair. In cancer biology, 

TFF1 upregulation could be linked to tumor adaptive 

mechanisms used to protect it against the surrounding 

microenvironment or to form a specific niche that 

favors cancer progression. Interestingly, new data 

suggest that TFF1 is involved in the epithelial-

mesenchymal transition (EMT), a process directly 

correlated with cancer metastasis, thereby 

strengthening this working hypothesis. High 

expression levels of TFF1 could reflect the tumor’s 

attempt to create a protective microenvironment, thus 

facilitating its development. The repeated finding that 

TFF1 is upregulated in a range of tumors points to its 

possible application as a diagnostic or prognostic 

biomarker in cancer.22  

 However, some studies have reported findings 

inconsistent with the current results, which 

demonstrated elevated TFF1 levels across all tested 

cases. These studies found no significant difference in 

TFF1 levels between cancer patients and normal 

controls, suggesting that TFF1 may not serve as a 

reliable biomarker for all molecular subtypes of breast 

cancer. Furthermore, it has been proposed that TFF1 

expression may be influenced by disease stage of the 

disease.23  Additionally, different authors have 

reported discrepancies in circulating TFF1 levels 

based on factors including both the hormone receptor 

status of their patients and the treatments 

administered to them. Wang et al. Shunyi et al. (2022) 

suggested that TFF1 expression is modulated by 

estrogen receptor-positive status, which complicates 

its further application as a consistent biomarker in 

BC.24  

The study showed that CYFRA 21-1 levels were 

significantly higher in all patient groups than in the 

control group, both pre- and post-treatment. These 

results confirm those of previous studies on the 

importance of CYFRA 21–1 in BC, all of which found 

elevated levels in patients with more advanced forms 

of the disease. These data suggest that CYFRA 21-1 is 

a potential biomarker of disease progression and 

treatment response.25 Moreover, another study 

showed that the levels of CYFRA 21-1 were markedly 

elevated in patients with breast cancer compared to 

those in healthy individuals and correlated positively 

with tumor stage. They stated that although 

cytokeratin fragments 21-1 might not be  an 

evolutionary biomarker, when used simultaneously 

with different biomarkers, it holds huge diagnostic 

worth.26 Additionally, previous research has 

highlighted notable differences in CYFRA 21-1 levels 

between cancer patients and controls, particularly in 

individuals with advanced disease, underscoring its 

potential utility in monitoring disease status and 

progression.27  

CYFRA 21-1 is distinguished by its epitope, which is 

a polypeptide typically released following cellular 

death. Elevated serum titers of CYFRA 21-1 have been 

detected in various malignancies, particularly lung 

cancer; however, healthy individuals rarely exhibit 

abnormal serum levels of this marker.28 In breast 

cancer patients, elevated CYFRA 21-1 levels may 

result from increased cellular turnover and cytokeratin 

breakdown, a phenomenon also observed in other 

cancers. Higher CYFRA 21-1 levels in advanced 

breast cancer stages may reflect a greater tumor burden 

and more aggressive disease, consistent with its role in 

other malignancies, where elevated levels are 

associated with advanced disease progression.26 

These findings contrast with those of previous 

research, suggesting that CYFRA 21-1 has not yet 

been established as a standard biomarker for breast 

cancer.29 For instance, Filella et al. (2023) reported 

that while some breast cancer patients exhibited 

elevated CYFRA 21-1 levels, variability in sensitivity 

and specificity limited its clinical utility. The study 

concluded that although CYFRA 21-1 may provide 

supplementary diagnostic information, it should not 

replace established biomarkers.30  
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This study demonstrated elevated MMP-9 levels 

across all patient groups, with a modest reduction 

observed in stage 3 patients. Despite this decrease, the 

MMP-9 levels remained significantly higher than 

those in the control group. These findings align with 

those of prior studies, indicating that elevated MMP-9 

levels are associated with the early stages of BC and 

may serve as a potential biomarker for disease 

progression. Increased MMP-9 levels may reflect 

active remodeling of the extracellular matrix (ECM) 

during the initial phases of tumorigenesis.31 Joseph et 

al. MMP-9 also plays a critical role in the late stage of 

breast cancer progression, and high plasma MMP-9 

levels are correlated with the initial stage of breast 

cancer and have been associated with poor prognosis.32 

These findings are also supported by previous reports, 

which confirmed that upregulated levels of MMP-9 

assure a higher level of cellular proliferative activity. 

Together, these results indicate that MMP-9, which is 

expressed in both stromal and tumor cells, contributes 

to BC progression. MMP-9 plays a decisive role in 

ECM remodeling, which is especially active during the 

early stages of tumorigenesis when the tumor adapts 

to invade the surrounding tissue. Cumulatively, high 

serum MMP-9 levels may also indicate the 

pronounced ECM restructuring required for tumor 

progression and invasion. Therefore, MMP-9 levels in 

early breast cancer may be an important tool for early 

detection and prognosis as well as for the stratification 

of patients according to their risk profile.33  

Jiang and Li (2021) found a decrease in MMP-9 levels 

in certain subtypes of advanced-stage breast cancer. 

They suggested that this reduction could be a 

consequence of modifications in the tumor 

microenvironment or of adaptive behaviors adopted by  

cancer cells to counteract excessive ECM degradation, 

leading to a different protein degradation profile in 

more advanced stages.34 It is hypothesized that during 

advanced tumor development, tumors may alter the 

proteolytic/anti-proteolytic balance. The observed 

decrease in MMP-9 levels could also be attributed to 

compensatory mechanisms or changes in other 

components of the tissue microenvironment, which 

may not directly reflect a reduction in proteolytic 

activity but rather a shift in enzyme functionality. 

Breast cancer is a highly heterogeneous disease, and 

different subtypes of breast cancer may exhibit varying 

MMP-9 concentrations.31  

The findings of this study are consistent with prior 

research that demonstrated a significant association 

between TFF1 and MMP-9 expression levels, 

aggressive breast cancer phenotypes, and poor clinical 

outcomes. Specifically, a significant p-value was 

observed for both biomarkers, indicating their 

potential role in tumor progression. These results align 

with earlier studies that reported a significant 

correlation between TFF1 and MMP-9 levels, 

suggesting a possible interplay wherein TFF1 may 

modulate MMP-9 activity, or vice versa, thereby 

contributing to cancer progression.35 The results are 

also consistent with the study by Manfioletti and 

Fedele (2023), who identified a good association 

between TFF1 with MMP-9 positive breast cancer 

tissues, especially in those with more aggressive and 

metastatic phenotypes. This supports the hypothesis 

that TFF1 is mechanistically related to MMP-9 in 

promoting aggressive cancer behavior.36  

However, this study   contradicts previous research 

that showed a negative correlation between TFF1 and 

MMP-9. For example, some studies have found that 

MMP-9 is a strong predictor of poor prognosis, but 

that TFF1 and MMP-9 are not significantly correlated. 

These studies suggest that the involvement of TFF1 in 

breast cancer may be modulated through interactions 

with other biomarkers or signaling pathways, rather 

than through direct interaction with MMP-9.37 
Similarly, another study found no significant 

relationship between TFF1 and MMP-9, attributing 

this discrepancy to potential variations in biomarker 

expression profiles or differences in the tumor 

microenvironment.38  The observed association 

between biomarkers and disease may be influenced by 

the disease subtype, stage, and underlying 

pathophysiology, as well as variations in biomarker 

expression across study populations. Tumor 

microenvironment factors, such as cytokines and ECM 

components, as well as patient-specific characteristics 

(e.g., age, treatment history, and disease stage), may 

further modulate biomarker levels and relationships. 

The findings of different studies may reflect the 

heterogeneity of the patient subgroups and 

microenvironmental conditions. 

5. LIMITATIONS 

This study has limitations, including the small sample 

size, focusing on chemotherapy-only treatment 

groups, and being cross-sectional, which limits the 

ability to imply causation or long-term effects. The 

biomarker levels may be confounded by age, 

menopausal status, and comorbidities. The role of 

combination therapies, which should be larger and 

longitudinal, should be explored in future studies. 

However, an independent validation study is needed 

to further assess the reproducibility and 

generalizability of the findings. These novel 

interaction details would aid in a context-dependent 

understanding of the oncogenic roles of such markers 

while also highlighting the need for further 

characterization of the interactions between MMP-9 

and TFF1 to enhance their clinical performance and 

advocate for their inclusion in a multi-parametric 

diagnostic panel. 

6. CONCLUSION 

Based on the findings of this study, biomarkers TFF1, 

CYFRA 21-1, and MMP-9 demonstrated significant 

potential as diagnostic indicators for breast cancer in 
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women, both before and after chemotherapy. Notably, 

chemotherapy did not significantly alter elevated 

levels of CYFRA 21-1 and MMP-9 in patients with 

BC. However, TFF1 exhibited a marked reduction 

post-treatment, although its levels did not revert to 

those observed in the control group, suggesting a 

partial response to therapy. CYFRA 21-1 is a 

promising biomarker for advanced breast cancer 

stages; however, further validation and integration 

with complementary biomarkers are needed to 

improve the diagnostic and prognostic precision. 

MMP-9, a complex biomarker, has potential for early 

detection and prognosis; however, its functional 

dynamics require further research. Variations in TFF1 

and MMP-9 interactions highlight their context-

dependent roles in breast cancer progression. 
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