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ABSTRACTABSTRACT
Background: Breast cancer is a common cancer in women and especially in developing countries the incidence 
rates of this cancer are rising, including Iraq. There is need to identify the molecular basis of the disease and its 
progression with a view of discovering better treatment regimens. This study aimed to investigate the role of NF-
KB, NF-ATc1, Annexin A5 and TRAIL in pathogenicity of breast cancer in order to detect a new therapeutic target.
Materials & Methods: A pilot study was carried out on samples at Iraqi women with breast cancer in hospitals of 
Baghdad during the period from August 2023 until December 2023. A total of 88 blood samples were collected 
(60 blood samples which included 30 samples for newly diagnosed patients and 30 samples for patients under 
treatment with chemotherapy (Adriamycin and cyclophosphamide) at a dos-age of (60mg/M2) with age range 
25-65 years, in addition to 28 blood samples for apparently healthy women serve as control group with age 
range match to patients group. The current research focuses on the real participation of NF-κB, NFATc1, ANXA5, 
and TRAIL in the progression among the Iraqi women with Breast cancer. Expression of NF-κB and NFATc1 was 
determined by quantitative PCR. AnnexinA5 and TRAIL levels were determined by ELISA technique. The findings 
confirmed that NF-κB and NFATc1 are over expressed in newly diagnosed breast cancer patients compared with 
the control and under treatment patients suggesting their implication in tumor advancement.
Results: It was observed that serum Annexin A5 and TRAIL levels were higher in newly diagnosis patients and a 
significant lowering of all the parameters was noted under treatment thus establishing the efficacy of the treatment 
strategies. It was also found that NF-κB and NFATc1 genes are co-regulated because of their positive correlation, 
r=0. 668, p=0. 001. However, no correlation was observed between the gene expression of NF-κB or NFATc1 
and serum levels of AnnexinA5 or TRAIL, indicating distinct regulatory mechanisms. These findings underscore 
the importance of NF-κB and NFATc1 as potential therapeutic targets, while the reduction of all markers under 
treatment highlights the efficacy of current interventions.
Conclusion: In conclusion, targeting these molecular pathways could offer new therapeutic strategies for improving 
breast cancer outcomes, particularly in Iraqi women.
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subtypes.3,4 Although advances in early detection 
and treatment have improved survival rates, breast 
cancer remains the leading cause of cancer-related 
deaths in women worldwide, particularly in low- and 
middle-income countries. 5,6 Recent cancer registries 
point to rising incidence rates in several developing 
countries, including Iraq, where breast cancer will 
account for 36% of newly diagnosed cancers in 
women between 2020 and 2022.7, 8

In Iraq, the incidence rate of breast cancer has in-
creased, which has been linked to environmental and 
lifestyle factors. There are a few reasons that could 
be a cause of cancer, namely political instability, 
environmental pollution and the use of chemical 
weapons in the warfare that affected the young 
women. 9, 10 However, the mortality rate persists due 
to various complications in medical care, which is 

INTRODUCTIONINTRODUCTION
Breast cancer remains one of the most common can-
cers in women and has a significant impact on global 
health.1,2 The disease is caused by a complex inter-
play of genetic, epigenetic and environmental factors 
that lead to the development of heterogeneous tumor 
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why the mortality rate for breast cancer is 20%.8,11

This emphasises the urgent need for molecular 
studies to decipher the causes of breast cancer and 
find potential targets for intervention. NF-κB signal-
ling is one of the molecular pathways identified as 
being involved in the development of breast cancer; 
it regulates immune responses, inflammation and 
cell proliferation. Up-regulation of NF-κB has been 
found to increase tumour growth, tumour survival 
and metastasis in various cancers, including breast 
cancer.12,13

Similarly, the nuclear factor of activated T cells 
(NF-AT) family, particularly the member NF-ATc1, is 
involved in the regulation of tumourigenic cytokines 
and the immune defence microenvironment.14,15

Annexin A5, a calcium-dependent phospholip-
id-binding protein belonging to the annexin family, 
has become the centre of interest due to its role in 
apoptotic cell death and cancer metastasis. As the 
results showed that annexin A5 is overexpressed 
in breast cancer cells and can help to assess the 
aggressiveness of the disease, it could be used as 
a biomarker.16,17

Similarly, tumour necrosis factor-related apopto-
sis-inducing ligand (TRAIL) acts as both a sensitiser 
and an inducer of apoptosis in breast cancer cells, 
while it is non-toxic to normal cells. Because the 
effects of TRAIL on apoptosis are convoluted and 
complicated, and because TRAIL is poorly respon-
sive to breast cancer chemoresistance, TRAIL is an 
important molecule to study.16,18

Since these molecules are related to the biology of 
breast cancer, the present work attempted to identify 
their expression patterns and biological significance 
in Iraqi women with breast cancer. The aim was 
to identify new proteins or molecules that could 
be targeted to stop or slow the progression of the 
disease and improve the quality of life of patients. 
By focussing on these key molecules. The aim of 
this study was to investigate the role of NF-KB, NF-
ATc1, Annexin A5 and TRAIL in the pathogenicity 
of breast cancer in order to find a new therapeutic 
target that can halt the progression of the disease 
or even cure it.

MATERIALS AND METHODSMATERIALS AND METHODS
Subject collection (Inclusion and exclusions 
criteria): A pilot study was carried out on samples 
at Iraqi women with breast cancer who attended to 
Iraqi medical city (oncology teaching hospital) in 
Baghdad during the period from August 2023 until 
December 2023. A total of 88 blood samples were 
collected (60 blood samples which included 30 sam-
ples for newly diagnosed patients and 30 samples 
for patients under treatment with chemotherapy 
(Adriamycin and cyclophosphamide) at a dosage of 
(60mg/M2) with age range 25-65 years, in addition 

to 28 blood samples for apparently healthy women 
serve as control group with age range match to 
patients group. The patients were chosen and diag-
nosed by doc-tors who specialize in breast cancer. 
The diagnosis was verified by mammography and 
histological findings. The following conditions were 
not considered for inclusion in the study: other types 
of cancer, autoimmune illnesses, infectious diseases, 
pregnancy, breastfeeding, and other serious acute 
or chronic medical conditions. Women made up the 
entire sample for this research.

Blood collection: Five ml of peripheral blood was 
withdrawn from each patient and control, collected 
by disposable syringe, and then blood samples were 
divided into two parts: 
- 4 ml were set in a gel tube for the ELISA study and 
centrifuged to separate serum in several Eppendorf 
tubes to prevent repeated freeze-thaw cycles.
- 0.25 mL of blood was added to 0.5mL of TRIzol 
Rea-gent mixed in 1.5ml Eppendorf tube for the 
molecular study, and the Eppendorf tube was stored 
at -20ºC for further analysis.
Enzyme-linked immunosorbent assay (ELISA): 
The assay employs the “Double Antibody Sand-
wich” method, which is available from ELISA Kits, 
USNF, USA. Annexin A5 and TRAIL concentrations 
in the samples have to be measured. To do this, 
we compare the samples’ optical densities (O.D.) 
to a pre-calculated standard curve. The accuracy 
and consistency of the results were guaranteed 
by carefully preparing all standards, samples, and 
reagents according to the instructions provided in 
the kit brochure.
The primers of RT-PCR: These primers were sup-
plied by Macrogen Company in a lyophilized form. 
Lyophilized primers were dissolved in a nuclease free 
water to give a final concentration of 100pmol/ul as 
a stock solution. A working solution of these primers 
was prepared by adding 10ul of primer stock solution 
(stored at freezer -20 C) to 90μl of nuclease free water 
to obtain a working primer solution of 10pmol/μl.
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Table 1. The primers used in RT-PCR.

ReferencesSeq.Primer Name

 19

A C A C A A C T G T-
GTTCACTAGCβ-Globin-F

CAACTTCATCCAC-
GTTCACCβ-Globin-R

20

CACCAAAGTCCTG-
GAGATCCCA

N F A T C 1 _
exp-F

T T C T T C C T C -
CCGATGTCCGTCT

N F A T C 1 _
exp-R

(Primer3)  
program

G C A G C A C -
TA C T T C T T G A C -
CACC

NF-κB_exp-F

TCTGCTCCTGAG-
CATTGACGTC

N F - κ B _
exp-R

Extraction and determination of RNA: Isolated RNA 
was done according to TRIzolTM Rea-gent’s protocol 
(Thermo Scientific, USA). Quantus Flu-orometer de-
tected the quality of extracted RNA for downstream 
applications.
Real-time polymerase chain reaction and 
gene expression: Analysis and Calculation of 
regulatory element levels of one or more genes 
depend on miRNA concentration after conversion 
it to cDNA. All processes including total RNA pu-
rification, qPCR amplification and data analysis.                                                                  
The specific components of the One Step RT-PCR 
kit used in this study are as follows: 5 µl of qPCR 
Master Mix, 0.25 µl of R.T. mix, 0.25 µl of MgCl2, 0.5 
µl of Forward primer, 0.5 µl of Reverse primer, 2.5 µl 
of Nu-clease Free Water, and 1 µl of RNA, for a total 
volume of 10 µl. Mix 1 µl of the template with 9 µl of 
the Master mix and add it to an aliquot for a single 
reaction. It was then tested using Real-time PCR. The 
first stage was a preliminary denaturation at 95 °C for 
5 minutes and a 15-minute cycle at 37 °C for cDNA 
synthesis. In Step 2, 40 cycles included denaturing 
the template at 95 °C for 20 seconds (A), annealing 
the primers to the template at 60°C and 65°C for 
NF-KB and NF-ATC1 and β-globin, respectively, for 
20 seconds (B), and, finally, extending the primers 
at 72°C for 20 seconds. Step three involved heating 
the green material from 72 to 95 degrees Celsius. 
The Livak Method was used to determine the levels 
of gene expression.                                                                                                                  
Folding = 2- ΔΔCT 
ΔCT =CT gene - CT House Keeping gene        
ΔΔCT =ΔCT Treated - ΔCT Control
Statistical Analysis: The collected data were an-
alyzed using SPSS program using ONE ANOVA 
test by obtaining LSD between studied groups. The 
data were presented as Mean ± S.E and significant 
differences was considered at P≤ 0.05.

Ethics approval and consent to participate: 
Ethical permission has been obtained from the Iraqi 
Ministry of Health, specifically the Department of 
Med-ical Teaching City, Oncology Teaching Hospital 
(per-mission No. 26512, dated 17/7/2023). The sub-
ject to the agreement of the patient. The oncologist 
directed suitable patients for referral.

RESULTSRESULTS
The gene expression and serum level of studied 
parameters in patients and control: 
The gene expression and serum levels of NF-κB, 
NFATc1, Annexin A5, and TRAIL showed sig-
nificant differences across the studied groups. 
NF-κB expression was markedly higher in newly 
diagnosed patients (1.203±0.404)fold compared 
to controls (0.054±0.020) fold and under treatment 
patients (0.019±0.015)fold, with a high significance 
(p=0.001). Similarly, NFATc1 levels were elevated 
in newly diagnosed patients (1.093±0.285)fold 
compared to controls (0.190±0.093)fold and under 
treatment patients (0.103±0.027)fold, with p-values 
of <0.001 in both cas-es.
Serum levels of Annexin A5 (ANXA5) were sig-
nificantly increased in newly diagnosed pa-
tients (34.18±3.28) Pg/mL compared to controls 
(20.26±1.72) Pg/mL and under treatment patients 
(10.93±1.04) Pg/mL, with a p-value of 0.001. TRAIL 
levels followed a similar trend, with higher levels 
in newly diagnosed patients (0.96±0.24) ng/mL 
compared to controls (0.21±0.05) ng/mL and under 
treatment patients (0.23±0.04) ng/mL, also showing 
high significance (p=0.001).
The difference between newly diagnosed and un-
der treatment patients for all parameters was also 
highly significant (p=0.001). These results highlight 
a strong association between disease progression 
and the studied biomarkers. As showed in (Table 2).
Distribution of studied parameters according to grade 
of disease in all studied groups: The mean NF-κB 
gene expression level was significantly increased in 
newly diagnosed breast cancer patients with respect 
to normal, healthy women, and increased progres-
sively with grade of malignancy from Grade-I (1. 
371±1. 187) to Grade II (1. 143±0. 442) to Grade III 
(0. 724±0. 036). As in the case of NADPH and CD68, 
NFATc1 was also upregulated in osteoclasts and its 
expression was highest in Grade III specimens 2. 
356±0. 404. Under Treated patients showed a sig-
nificant reduction in NF-κB and NFATc1 levels across 
both Grade II (0.032±0.027 for NF-κB, 0.085±0.028 
for NFATc1) and Grade III (0.004±0.002 for NF-κB, 
0.123±0.049 for NFATc1), with significant differenc-
es observed between newly diagnosed and  under 
treatment patients, especially in Grade II (p=0.013* 
for NF-κB, p=0.004** for NFATc1) and Grade III 
(p=0.03* for NF-κB, p=<0.001** for NFATc1).



60

Mays Najem Al-Adilee, et al.

Gomal Journal of Medical Sciences. January - March 2025, Vol. 23, No. 1

Serum levels of Annexin A5 (ANXA5) were elevated 
in newly diagnosed patients, with the highest con-
centration observed in Grade II (37.93±4.17) Pg/
mL. However, under treatment levels significantly 
decreased, particularly in Grade II (11.37±1.48) Pg/
mL, with p-values of <0.001. TRAIL levels followed 
a similar pattern, with newly diagnosed patients in 
Grade II showing the highest levels (1.17±0.37) ng/
mL, which decreased under treatment, but with less 
significant changes compared to other parameters. 
As showed in (Table 3).
Distribution of studied parameters according to stage 

of disease in all studied groups: In newly diagnosed 
breast cancer patients, NF-κB expression was highest 
in Stage I (1.968±1.474) and significantly decreased 
in Stage II (0.972±0.352), though the difference was 
not statistically significant (p=0.3). NFATc1 followed 
a similar trend, with higher expression in Stage I 
(2.157±0.802) compared to Stage II (0.868±0.243), 
showing a near-significant difference (p=0.06). In 
under treatment patients, NF-κB and NFATc1 levels 
were significantly reduced, particularly in Stage III 
(0.004±0.00001 for NF-κB, 0.137±0.119 for NFATc1), 
with significant differences between newly and un-
der treated patients in Stage II (p=0.01* for NF-κB, 

Table 2. The gene expression and serum levels of NF-κB, NFATc1, Annexin A5, and TRAIL in patients 
and control groups.

Groups 

Parameter Folding 
(Mean±S.E.)

Parameter Concentration 
(Mean±S.E.)

NF-κB NFATc1
Annexin A5 

(ANXA5) (Pg/
mL)

TRAIL (ng/mL)

Control 0.054±0.020 0.190±0.093 20.26±1.72 0.21±0.05

Newly Diagnosed patients 1.203±0.404 1.093±0.285 34.18±3.28 0.96±0.24 a

 Under Treatment patients 0.019±0.015 0.103±0.027 10.93±1.04 0.23±0.04

P value 0.001** <0.001** 0.001** 0.001**

Between newly diagnosed and under 
treatment P value 0.001** 0.001** 0.001** 0.001**

Table 3. Gene expression and serum levels of NF-κB, NFATc1, Annexin A5, and TRAIL across cancer 
grades.

Patients groups Grade groups Folding (Mean±S.E.) Concentration (Mean±S.E.)
NF-κB NFATc1 A n n e x i n  A 5 

(ANXA5) (Pg/mL)
TRAIL (ng/mL)

N e w l y  D i a g -
nosed patients

I 1.371±1.187 1.085±0.893 26.48±7.12 0.71±0.19

II 1.143±0.442 0.743±0.205 37.93±4.17 1.17±0.37

III 0.724±0.036 2.356±0.404 29.16±7.58 0.44±0.22

P value 0.9 NS 0.17 NS 0.32 NS 0.5 NS
 Under Treatment 
patients

II 0.032±0.027 0.085±0.028 11.37±1.48 0.20±0.04

III 0.004±0.002 0.123±0.049 10.44±1.49 0.25±0.07

P value 0.36 NS 0.52 NS 0.66 NS 0.58 NS
Between  newly 
diagnosed & un-
der treatment

II - - - -

P value 0.013* 0.004** <0.001** 0.01*
Between newly 
diagnosed & un-
der treatment

III - - - -

P value 0.03* <0.001** 0.05* 0.3 NS
NS= no significant, **= high significant
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p=0.02* for NFATc1).
Serum levels of Annexin A5 were highest in newly 
diagnosed patients in Stage I (42.38±9.08) Pg/mL but 
de-creased in Stage II (32.13±3.40) Pg/mL, though 
this was not statistically significant (p=0.22). In  under 
treatment patients, Annexin A5 levels were lower across 
all stages, with the lowest levels observed in Stage 
II (10.46±1.21) Pg/mL, and the differences between 
newly and under treated patients in Stage II were highly 
significant (p<0.001). TRAIL levels in newly diagnosed 
patients were slightly higher in Stage I (1.11±0.60) ng/
mL compared to Stage II (0.92±0.27) ng/mL, and  under 
treatment levels were significantly lower in Stages II and 
III, with p=0.01* when comparing the stages. As showed 
in (Table 4).
The correlation of ELISA parameters and q-PCR 
expression: The current study also detected if any cor-
relation is found between the gene expression and serum 
levels of other parameters measured using ELISA tech-
nique. As shown in Table 5, a significant strong positive 
correlation was noticed between the gene expressions of 
NF-κB and NFATc1 (as r= 0.668, p=0.001). In contrast, 
no significant correlation was found between NF-κB or 

NFATc1 and other parameters (ANXA5, TRAIL) (Table 6), 
suggestion no correlation cab be found between q-PCR 
results and the serum levels of the studied parameters.
Receiver Operating Characteristics (ROC) test: Table 
6 and Figure 1, presents the ROC curve analysis for 
various parameters, highlighting their diagnostic per-
formance. NF-kB demonstrates an impressive Area Un-
der the Curve (AUC) of 0.91, with a cutoff value of 0.28 
folding, achieving 80% sensitivity and 100% specificity, 
indicating excellent predictive accuracy (P<0.001**). 
NFATc1 presents an AUC of 0.88 with a cutoff at 0.88 
folding, with a sensitivity of 87% and specificity of 88%, 
suggesting a moderate predictive value (P=0.001**). 
Annexin A5 (ANXA5) presents an AUC of 0.76 with a 
cutoff at 33.19 Pg/mL, with a sensitivity of 57% and 
specificity of 93%, suggesting a moderate predictive 
value (P=0.001**). TRAIL exhibits a high AUC of 0.89, 
with a cutoff value of 0.156 ng/mL, showing 100% sen-
sitivity and 76% specificity, reflecting strong diagnostic 
performance (P<0.001**). 

DISCUSSIONDISCUSSION
The study, observed significant upregulation of both 

Table 4. Gene expression and serum levels of NF-κB, NFATc1, Annexin A5, and TRAIL in patients across 
cancer stages.

Patients groups S t a g e 
groups

Folding (Mean±S.E.) Concentration (Mean±S.E.)
NF-κB NFATc1 A n n e x i n  A 5 

(ANXA5) (Pg/mL)
TRAIL (ng/mL)

Newly Diagnosed pa-
tients

I 1.968±1.474 2.157±0.802 42.38±9.08 1.11±0.60
II 0.972±0.352 0.868±0.243 32.13±3.40 0.92±0.27

P value 0.3 NS 0.06 NS 0.22 NS 0.76 NS
Under Treatment patients I - - 12.05±0.95 0.62±0.24

II 0.021±0.017 0.098±0.028 10.46±1.21 0.19±0.03 a
III 0.004±0.00001 0.137±0.119 13.23±2.90 0.22±0.17 a

P value 0.7 NS 0.64 NS 0.65 NS 0.01*
Between newly diag-
nosed & under treatment

I - - -

P value - - 0.02* 0.7 NS
Between newly diag-
nosed & under treatment

II
-

- -

P value 0.01* 0.02* <0.001** 0.01*
a vs. stage I in treated group, NS= no significant, **= high significant

Table 5: The correlation between q-PCR results and the serum level of studied parameters.

Parameter NF-κB NFATc1 ANXA5 TRAIL

NF-κB
Pearson Correlation 1 0.668** -0.008 -0.126

Sig. (2-tailed) 0.001 0.959 0.405

NFATc1
Pearson Correlation 0.668** 1 0.093 -0.005

Sig. (2-tailed) 0.001 0.537 0.972
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 Table 6: The ROC curve of studied parameters that summarized the performance and prediction results.

Parameters AUC cutoff Sensitivity Specificity P Value

NF-kB 0.91 0.28 80% 100% <0.001**

NFATc1 0.88 0.14 87% 88% <0.001**

ANXA5 0.76 33.19 57% 93% 0.001**

TRAIL 0.89 0.156 100% 76% <0.001**

Figure 1. ROC curve of study parameters.

NF-κB and NFATc1 gene expression in newly diagnosed 
breast cancer patients compared to both control and 
under treatment groups. Expression of NF-κB in newly 
diagnosed of patients also involve in inflammation and 
tumor progression that is in correlation with NF-κB ac-
ti-vation and cancer development and metastasis.21 This 
results was agreed with previous studies. 22, 23, suggest 
that NF-κB expression could serve as a prognostic 
marker in these patients.
Likewise, the immune response and cancer-related 
NFATc1transcription factor was significantly upregulated 
in the newly diagnosed patients and it has been pro-
posed to play a role in tumorigenesis.24 This results was 
agreed with previous studies.25, 26 it was suggested that 
high NFATc1 expression was present in breast cancer 

and it might be involved in the process of cancer devel-
opment and related to poor prognosis of breast cancer.
Serum levels of Annexin A5 (ANXA5) were also signifi-
cantly up-regulated in newly diagnosed patients and 
similar to previous studies, this protein maybe involved 
in apoptosis regulation and cancer cells survival27. 
Analysis of the results reflects the levels of ANXA5 in 
patients who have undergone therapy, which supports 
the conclusion on the efficacy of treatment. Likewise, 
the levels of TRAIL, which are implicated in the process 
of apoptosis in cancer cells, were higher in newly diag-
nosed patient and came to normalcy as soon as the 
treatment was over Therefore, there are studies sug-
gesting that TRAIL has potential in cancer treatment. 28

The practical decrease of NF-κB, NFATc1, ANXA5, and 
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TRAIL in treated patients indicates that currently used 
treatments are effective in decreasing pro-tumorigenic 
markers consistent with prior therapeutic research.29

The study findings indicate that NF-κB and NFATc1 
expression progressively increased with disease grade 
in newly diagnosed breast cancer patients, particularly 
in Grades II and III, suggesting their role in advancing 
tumor aggressiveness. This aligns with prior studies 
showing that NF-κB and NFATc1 are key drivers of 
inflammation and tumor growth30. The significant de-
crease in these markers following treatment highlights 
the efficacy of therapeutic interventions in reducing 
inflammation and immune response, especially in 
higher-grade tumors31.
Annexin A5 was significantly elevated in newly di-
ag-nosed patients, particularly in Grade II, reflecting 
its role in inhibiting apoptosis, which may contribute to 
cancer cell survival.32 The drop in Annexin A5 levels un-
der treatment further supports its relevance as a marker 
for treatment efficacy. While TRAIL levels were elevated 
in newly diagnosed patients, the under treatment nor-
malization suggests its potential role in cancer therapy.33

This study shows that NF-κB and NFATc1 expression 
were elevated in newly diagnosed breast cancer, espe-
cially in Stage I, indicating the role of these factors in 
the initial phases of cancer progression. These results 
are consistent with the previous studies highlighting 
the role of NF-κB in facilitating the tumor initiation and 
immune response.34 It is observed that even after the 
treatment both NF-κB and NFATc1 levels are reduced 
notably and specially in stage II indicating that inflam-
mation and immune response is well under control. 35

Indeed, newly diagnosed patients had significantly 
increased Annexin A5 levels particularly in Stage I sam-
ples indicating that the protein is involved in apoptotic 
suppression during early carcinogenesis36. The low An-
nexin A5 value noted under treatment especially stage 
II viewed from therapeutic interventions supports the 
exercise that apoptotic relate treatments are effective in 
restoring apoptotic sequences. There was higher level 
of TRAIL in Stage I newly diagnosed patients but the 
level was significantly lower in under treated patients 
especially in Stage II and III which clearly demonstrated 
efficacy of apoptosis-inducing treatments.37

The current study revealed a significant positive cor-
relation between the gene expressions of NF-κB and 
NFATc1, with a strong Pearson correlation coefficient 
(r=0.668, p=0.001). This finding aligns with previous 
research indicating that NF-κB and NFATc1 are both 
involved in regulating inflammation and immune re-
sponse, suggesting a functional relationship between 
these transcription factors in cancer progression.38 The 
co-activation of NF-κB and NFATc1 could indicate their 
synergistic roles in promoting tumorigenesis, particular-
ly through pathways that involve chronic inflammation 
and immune cell activation.39 On other hand, no signif-
icant correlation was found be-tween NF-κB or NFATc1 

gene expression and the serum levels of Annexin A5 
(ANXA5) or TRAIL. The absence of relationship between 
gene expression levels estimated by q-PCR and the 
protein levels quantified by ELISA ensures that they 
reflect different pathways of regulation. Although, it can 
be considered that NF-κB and NFATc1 may regulate 
the transcriptional profile, the serum level of ANXA5 
and TRAIL can be regulated through other post-tran-
scriptional factors such as protein stability, secretion or 
degradation pathway.40

In breast cancer, NF-κB (particularly the p65/RelA and 
p50 subunits) is often over activated and is linked with 
tumor growth, therapy resistance, and poor prognosis. 
Studies using ROC curves to evaluate NF-κB-related 
molecules have shown excellent diagnostic perfor-
mance, often with high area under the curve (AUC) 
values, indicating strong discriminative power between 
cancerous and non-cancerous tissues. For example, 
high expression of NF-κB-related genes like IL-8 and 
MMP-1 has been associated with a worse prognosis in 
breast cancer patients. 41, 42

Similarly, NFATc1, another transcription factor involved 
in immune response regulation, is increasingly recog-
nized for its role in cancer. Its dysregulation can con-
tribute to metastasis and immune evasion in tumors. 
While specific ROC curve data for NFATc1 in breast 
cancer are limited, its interaction with NF-κB signaling 
in tumor cells suggests that combined analyses of both 
pathways could improve the diagnostic accuracy and 
prognostic predictions. 41

Annexin A5 (ANXA5) did present a moderate diagnostic 
performance with an AUC equal to 0.76. The screening 
criterion used was a score of 33 or above. While 19 Pg/
mL gave 57% sensitivity and 93% specificity for CVD. 
The high value of specificity in this case means that the 
ANXA5 test is good in excluding non-affected individu-
als but the low value of sensitivity reveals that the test 
might miss a large number of affected individuals. This 
performance is in conformity with emerging evidence 
by43 and 44 that identified ANXA5 a marker for stresses 
and apoptosis but with contrasting diagnostic value in 
different diseases. A high diagnostic performance was 
obtained by TRAIL with an AUC value of 0. 89 percentile 
which is considered good so there is good overall ac-
curacy. The concentration of 156 ng/mL accompanied 
by sensitivity at 100% and specificity at 76% suggests 
that TRAIL has the ability to confirm affected persons 
at a high rate. This is in line with 75% of the available 
literature where.45,46, among others have acknowledged 
the importance of TRAIL in apoptosis , as well as its 
prospect in diagnostics of cancer and other diseases.

CONCLUSIONCONCLUSION
This study establishes that NF-κB, NFATc1, Annexin A5, 
and TRAIL are critical in breast cancer development 
in women of Iraq. The strong relationship between 
NF-κB and NFATc1 indicates that these proteins have 
cooperative effect of enhancing tumor progression. 
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In contrast, the lack of correlation between gene ex-
pression and serum protein levels indicates complex 
regulatory mechanisms. Therapeutic interventions suc-
cessfully reduced the expression and serum levels of 
these markers, highlighting their potential as molecular 
targets for treatment.
Study limitation  
The study encountered a critical limitation, namely, the 
sample size of breast cancer. Although breast cancer 
has been a disease for a long time, its causes and 
treatment are still unknown.
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