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Abstract: FOXM1 (Forkhead box protein M1) promoted EMT (Epithelial-to-mesenchymal transition) in breast cancer by 

binding and activation of the promoter of SLUG gene. that FOXM1 promotes breast cancer metastases by activation of the 

TGF-β pathway with through interaction SMAD3 (this prevented E3 ubiquitin-protein ligase transcriptional intermediary 

factor 1 γ [TIF1 γ] binding to SMAD3 and protected SMAD4 from ubiquitination) that leads to stabilization of the 

SMAD3/SMAD4 complex. The study samples included seventy four formalin-fixed, paraffin embedded tissue blocks which 

have been diagnosed as forty four cases of breast carcinoma and their lymph nodes. In the present study from 74 total cases, 46 

cases (62.6%) were showing FOXM1 marker positive while 28 cases (37.8%) were showing negative immunohistochemistry 

for FOXM1 marker. Sub classification of malignant cases, 16 malignant breast cancer cases (36.4%) showed no FOXM1 

expression, while 12 malignant cases (27.3%) were strongly positive for FOXM1 expression. There is significant correlation 

between breast carcinoma grade, stage and FOXM1 expression. 
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1. Introduction 

Cancer is a major public health problem worldwide and is 

the second leading cause of death in the United States. Breast 

cancer (BC) starts when cells in the breast begin to grow out 

of control
 
as the cancerous cells grow and multiply, they form 

a malignant tumor within the breast.
 
[1] cancer stem cells 

(CSC) or tumor-initiating cells. [2] CSC possesses self-

renewal properties and can differentiate into daughter cells. 

However, they differ from stem cells since they are 

tumorigenic and thus have the ability to form tumors when 

transplanted into animals whereas stem cells do not have this 

ability. [3] CSC also has increased chemoresistance, can 

promote metastasis and can survive treatment resulting in 

new tumors causing relapses. [4] The first identification of a 

CSC in solid tumors came from the work of Al-Hajj et al. [3] 

using cells isolated from primary tumors of breast cancer 

patients. Cells with an ESA+, CD44+, CD24-. Forkhead box 

protein M1 is a protein that in humans is encoded by the 

FOXM1 gene
. 
[4] FoxM1, also known as Trident, MPP2, or 

HFH-11, belongs to the large family of forkhead transcription 

factors. The protein encoded by this gene is a member of the 

FOX family of transcription factors
. 
[5] FOXM1 has been 

awarded the Molecule of the Year 2010 for its growing 

potential as a target for cancer diagnosis and therapies. [6] 

FOXM1 expressed Nuclear, but can be detected in the 

cytoplasm upon inhibition of Raf/MEK/MAPK signaling. 

FoxM1 can also be targeted to the nucleolus by p19ARF. 

[7] FoxM1 is one of the most common genes overexpressed 

in solid tumors of prostate, lung, bladder, ovary, colon, 

liver, breast, kidney, stomach, and pancreas.
 
[8] It is also 

aberrantly expressed in other cancers, such as basal cell 

carcinomas, glioblastomas, or acute myeloid leukemia
 
[9] 

During the last years, significant progress has been made in 

targeting FoxM1 in cancer [10] Indeed, recent studies have 

already shown that targeting FoxM1 sensitizes different 

tumor cells to those DNA damaging treatments. [11], [12] 

Another interesting strategy is the possibility of combining 

FOXM1 inhibition with PARP inhibitors. PARP 

polymerases are required to repair single strand DNA 

breaks occurring during replication. When inhibited, 
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unrepaired single-stranded DNA breaks result in stalled 

replication forks, which must be repaired by HR. Inhibiting 

HR, by means of FoxM1 suppression, may therefore 

sensitize these cells to PARP inhibitors.
 
[10] Moreover, it is 

now becoming apparent that most conventional 

chemotherapies, which aim to induce extensive damage and 

apoptotic responses, are accompanied by a robust and 

concomitant induction of senescence. Interestingly, it is also 

now evident that senescent cells can be cleared in vivo 

through the innate immune response. [13] Therefore, 

combination of chemotherapy or IR with FOXM1 inhibition 

might improve the efficacy of those cancer treatments. 

Moreover, depending on the type of DNA lesion induced, 

FOXM1 inhibition might work at multiple levels, by 

blocking both DNA repair and checkpoint recovery 

processes, and promoting senescence.
 
[14]

 
FOXM1 gene is 

now known as a human proto-oncogene.
 
[15] Abnormal up 

regulation of FOXM1 is involved in the oncogenesis of 

basal cell carcinoma, the most common human cancer 

worldwide. [16] FOXM1 up regulation was subsequently 

found in the majority of solid human cancers including 

liver, lung, prostate, cervix of uterus, colon, pancreas, brain 

and breast. [17]
 

FOXM1 promoted EMT in breast cancer by binding and 

activation of the promoter of SLUG gene [18] that FOXM1 

promotes breast cancer metastases by activation of the TGF-β 

pathway with through interaction SMAD 3 (this prevented 

E3 ubiquitin-protein ligase transcriptional intermediary factor 

1 γ [TIF1 γ] binding to SMAD3 and protected SMAD4 from 

ubiquitination) that leads to stabilization of the 

SMAD3/SMAD4 complex.
 
[19] FOXM1 located in Nuclear, 

but can be detected in the cytoplasm upon inhibition of 

Raf/MEK/MAPK signaling. FoxM1 can also be targeted to 

the nucleolus by p19ARF [20] 

2. Material and Method 

The study samples included seventy four formalin-fixed, 

paraffin embedded tissue blocks which have been diagnosed 

as forty four cases of breast carcinoma and their lymph nodes 

obtained from the department of Pathology/ oncology 

hospital /Medical City during the period from January 2014 

to January 2016, twenty cases diagnosis as benign breast 

tissue (fibro adenoma) obtained from ALSHAHEED GHAZI 

TEACHING HOSPITAL /medical city during January2014 

to January 2016 and ten cases of normal breast tissue 

obtained from forensic medical center. 

The diagnosis of each case (breast carcinoma, 

corresponding lymph node and fibro adenoma (was 

confirmed by examining the hematoxylin and eosin (H&E) 

sections for histopathological reevaluation by two specialized 

pathologists. 

The fresh breast tissue from cadaver were chosen as a 

sample of ten normal breast tissue. Demographic and clinical 

data provided by the surgeon were obtained from the surgical 

pathology reports available with the tissue specimens, 

including patient's age, sex, clinical presentation, site of the 

tumor, tumor size, histological subtype, lymph node 

involvement, grading, and staging. Then we stain for 

immunohistochemistry marker FOXM1, Positive controls 

For FOXM1 monoclonal antibody one tissue block of gall 

bladder was used. Negative control used for indicating the 

properness of the staining techniques, as positive control; one 

negative control was used for each set of test run. 

2.1. Principles of the Test 

Immunohistochemistry (IHC) enzyme labeled technique is 

a two-step indirect process, where the enzyme (peroxidase) is 

conjugated to a secondary reagent (link Ab), providing an 

additional step for amplification of the antigen-antibody 

binding event. Biotin-Streptavidine amplified (B-SA) system 

is one of the most common linkers used in this method. A 

specific primary Ab will react with its corresponding antigen 

in the tissue, and then the biotin-labeled secondary antibody 

will bind to that primary Ab. When the conjugate 

(Streptavidine bounded enzyme) is added, the biotinylated 

Ab will form a complex with the enzyme-conjugates 

streptavidin, and by adding the chromogene substrate, a 

colorimetric reaction will happen at the antigen binding site. 

The type of the chromogenic substrate depends on the type of 

the enzyme used. Thus, DAB (3, 3” diaminobenzidine) 

substrate offers the greatest sensitivity in the horseradish 

peroxidase enzyme system as a colorimetric chromogene, 

and a brownish precipitate will form at the antigen binding 

site.  

2.2. Evaluation of Immunohistochemistry Staining 

brown nuclear and cytoplasmic reaction was regarded 

positive for FOXM1. Immunohistochemical scoring was 

implemented by two independent observers who were 

blinded to the clinical data. the staining intensity of cells was 

classified into four intensity scores:
23

 

No staining, 0; light staining, 1; moderate staining, 2; dark 

staining, 3. 

The percentage of positively-stained cells was classified 

into five grades with percentage scores as follows:10% 

staining, 0; 10–25% staining, 1; 25–50% staining, 2; 50–75 

staining, 3; and >75% staining, 4. 

The staining positivity of FoxM1 was calculated using the 

following formula: Total score = intensity score × percentage 

score. 

Based on the total score of each tissue, results of Negative 

≤3, Weakly positive >3 to ≤6Strong positive >6 

3. Result 

In the present study, 74 of the total studied cases (62.2%) 

were negative for FOXM1 expression, and 28 of the total 

cases (37.8%) were positive in expressing FOXM1. 

 



 Pathology and Laboratory Medicine 2018; 2(1): 15-19 17 

 

 
Figure 1. A pie chart showing FOXM1 immunohistochemistry expression in 74 cases (normal breast tissue, fibroadenoma, breast carcinoma). 

Among malignant breast cancer 16 cases (36.4%) showed no FOXM1 expression, while only 12 malignant cases (27.3%) 

were strongly positive for FOXM1 expression. As shown in the figure below. 

 
Figure 2. A pie chart showing expression of FOXM1 immunohistochemistry in malignant breast cases. 

 

Figure 3. A slide view showing breast carcinoma stain strong positive for immunohistochemistry FOXM1marker. 

 

Figure 4. A slide picture showing breast carcinoma stain strong positive for immunohistochemistry FOXM1marker. 
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Table 1. A table showing correlation between breast carcinoma grade and immunohistochemistry FOXM 1 expression. 

Grade 

    FoXM1      

 Count % Count % count % Count % P value 

I 3 18.8% 0 .0% 0 .0% 0 .0% 0.001 

II 12 75.0% 9 75.0% 2 50.0% 2 16.7% * 

II 1 6.3% 3 25.0% 2 50.0% 10 83.3%  

Table 2. A table showing correlation between breast carcinoma stage and immunohistochemistry FOXM 1 expression. 

Stage 

    FOXM1      

 Count % Count % Count % Count % P value 

I 1 6.3% 0 .0% 0 .0% 0 .0% 0.008 

IIA 4 25.0% 2 16.7% 1 25.0% 0 .0% * 

IIB 9 56.3% 7 58.3% 2 50.0% 1 8.3%  

IIIA 1 6.3% 1 8.3% 0 .0% 7 58.3%  

IIIB 0 .0% 1 8.3% 1 25.0% 0 .0%  

IIIC 1 6.3% 1 8.3% 0 .0% 4 33.3%  

 

4. Discussion 

In the present analysis FOXM1 is overexpressed in 37.8% 

of breast cancer samples, ten cases (83.3%) of poorly 

differentiated breast carcinoma were showing strong 

expression of immunohistochemistry FOXM1 marker while 

the well differentiated breast carcinoma cases were shown 

weak expression of immunohistochemistry FOXM1 marker 

(all well differentiated cases was showing either no FOXM1 

or weak expression ), J.-J. Lee et al. [21] has previously find 

the same result, CSCs are indeed enriched in high-grade 

breast cancers. That fact suggests that FOXM1 plays a 

critical role in angiogenesis, invasion, and metastasis. In 

addition to this, recent studies have placed FOXM 1 in DNA 

damage response and senescence pathways, two pathways 

relevant to tumor progression and the response to cancer 

therapies, In our ongoing study, we have noticed the higher 

expression levels of FOXM1 in more invasive breast cancer 

cells. This observation prompted us to investigate the 

physiologic/clinical relevance and the role of FOXM1 in the 

tumorigenesis of breast cancer. 

In our study all fibro adenoma cases and normal breast 

tissue were showing no expression for FOXM1 

immunohistochemistry marker, so we find normal no 

FOXM1 expression in normal tissue and no role of FOXM1 

in benign breast tumor fibro adenoma 

We also find significant correlation between FOXM1 

immunohistochemistry and stage of breast carcinoma we find 

that all stage III carcinoma was shown strong expression of 

FOXM1 immunohistochemistry marker either score III or 

score II while stage I breast carcinoma cases were showing 

weak expression of FOXM1 immunohistochemistry marker 

score I, ZHANG et al [22] agree with our finding 

5. Conclusion 

FOXM1 marker is regarded as a predictive and a prognostic 

factor for breast carcinoma. In case with strong FOXM1 

immunohistochemistry expression there will be an increase 

probability for the carcinoma to be more aggressive, high 

grade, larger size and an increase susceptibility for metastasis 
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