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Dp103 in Egyptian Patients with Breast Cancer:
Prognosis to Lymph Node Metastasis

ABSTRACT

Background: Dpl103 is a multifunctional protein which binds and unwinds RNA secondary structures,
therefore plays a vital role in RNA metabolism from birth to death.

Aims: The present study aimed to evaluate both serum levels and tissue expressions of Dp103 and
explore their possible roles in lymph node metastasis within breast cancer Egyptian patients.
Methodology: Sixty patients were enrolled in this study; they were subdivided into two groups. First
group included forty females newly diagnosed as primary breast cancer their age ranged from 26 to 81
and further subdivided in two groups according to lymph node involvement into twenty two patients
without metastatic lymph node and eighteen patients with metastatic lymph node. Second group involved
twenty females newly diagnosed as benign breast tumor their age ranged from 32 to 65, in addition to
eighteen apparently healthy females aged range from 28 to 65 as controls. Serum level of both Dp103
and MMP-9 were determined using ELISA technique. CA 15.3 and CEA were determined using available
commercial kits. Expression level for both Dp103 and NF-kB were estimated using gPCR.

Results: Serum levels of both Dp103 and MMP-9 were significantly higher in primary breast cancer
patients when compared to benign tumor and healthy females (p<0.05). As well as, the expression levels
of both Dp103 and NF-kB were significantly high in metastatic lymph node when compared to benign
tumor and none metastatic lymph node groups (p<0.05). Also, serum levels of both Dp 103 and MMP-9
showed the same pattern of accretion when compared to none metastatic lymph node. Significant
positive correlation was found between serum Dpl03 in primary breast cancer patients and CA15.3
(r=0.3195 and p= 0.044).

Conclusion: Dpl103 might be used as a prognostic biomarker for breast cancer progression and
metastasis.

Keywords: Dp103, MMP-9, NF-kB, gPCR, breast cancer

1. INTRODUCTION

Breast carcinoma is considered one of the most predominant malignancies affect women around the
world. Mortality from breast cancer is almost due to invasion and metastasis of carcinomic cells to distant
organ sites [1-2]; subsequently, identifying genes implicated in metastasis of breast cancer is of great
importance. Since it is difficult to precisely predict the risk of metastasis in carcinomic patients, at the
moment, more than 80% of them receive adjuvant chemotherapy, but almost 40% of the patients suffer
relapse and at the end die from metastatic disease. Metastasis is a multistage procedure by which cancer
extended from the place at which it first arose as a primary tumor to other organs in the body. These
stages are interconnected over a chain of adhesive interactions and invasive processes, involving tumor
angiogenesis, invasion and colonization [3-4]. Mechanisms involving metastasis remain poorly
understood, due to its heterogeneity and nature. Matrix metalloproteinase-9 (MMP-9) is a zinc-dependent

peptidase which belongs to gelatinase subfamily. As an inactive pro-enzyme, MMP-9 is excreted and
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undergoes activation by distinct sorts of extracellular proteases [5] and its activity is regulated by various
biochemical stimulators such as growth factors and cytokines [6]. MMP-9 has been engaged in various
processes related to tumor invasion; tumor-induced angiogenesis and tumor microenvironment modulate
immunity [7]. High levels of MMP-9 expression are associated with invasion, metastasis and poor
prognosis of several cancer types as cervical [8], colorectal [9], ovarian [10] and breast cancer [11].
Moreover, increase serum and urine levels of MMP-9 have also been found to be correlated with
metastasis and poor prognosis in a variety of cancers [12]. Nuclear Factor-kappa B (NF-kB) is a regulated
transcription factor which composed of homo or heterodimers of five REL proteins which are; NF-kB1
(p50), NF-kB2 (p52), RelA (p65), RelB, and c-Rel (Rel). In non-stimulated cells, NF-kB is being bound to
its regulatory protein inhibitor of NF-kB (IkB). Phosphorylation of IkB, leads to dissociation of the NF-
kB:IkB complex and NF-kB activation and localization of it from cytoplasm to the nucleus [13]. After homo
or heterodimer formation, NF-kB binds to special promoter sequences within many genes, which play vital
roles in cell growth and apoptosis [14]. NF- kB and its target genes have been involved in all cancer
hallmarks [15]. Activation of NF-kB has been demonstrated in cell lines of lung [16], breast [17],
lymphoma [18], and leukemia [19]. Inhibition of NF-kB signaling or gene knock out has been shown to
mediate anti-tumor responses [20]. DEAD-box protein-103 (DP103) belongs to the family DExD/H-box
RNA that contains a highly-conserved Asp-Glu-Ala-Asp/His motif within the helicase domain. DP103 was
initially identified as a component of motor neuron molecule (SMN) both with Sm ribonucleoproteins and
other Gemin proteins [21]. DP103 is a transcriptional repressor for Egr2 in hind brain development [22]
and constitutes a repressor complex with METS—PE-1 to silence transcription of Ets target genes which
are entangled in Ras-dependent macrophage proliferation and differentiation [23]. The current study
aimed to estimate both levels of serum and tissue expression of Dpl03 and explore their possible

correlation with lymph node metastasis in breast cancer Egyptian patients.

2. METHODOLOGY

2.1 Ethical approval
The study was approved by the Institutional Review Board (IRB) of the NCI, Cairo University and was
conducted according to the rules of Helsinki declaration for human studies. A Written informed consent

was obtained from all study subjects.

2.2 Subjects

This study included an overall number of 60 patients; they were divided into two groups; the first group
were 40 patients with invasive ductal carcinoma without any clinically features of distant metastasis, they
were subdivided in accordance to lymph node involvement into 22 patients without metastatic lymph node

and 18 patients with metastatic lymph node, the second group contained 20 patients with benign breast
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tumor and both groups were newly diagnosed at National Cancer Institute, Cairo, Egypt. In addition to 18
apparently healthy female blood donors are taken as a control group for serum analysis procedures. The
classification of tumor and its stage were performed according to the international union against cancer
(Tumor—Node—Metastasis) classification. The breast cancer histopathology was carried out in all cases
with tissue biopsy from tumor cancer tissues (the majority was invasive ductal carcinoma). The pre-
treatment staging procedures included physical and blood examinations, mammography, mammary
ultrasound scanning, breast core biopsies, and chest X-rays. Also, the benign breast tumor
histopathology was implemented in all cases by tissue biopsy of mammary tumor or after surgery.
Furthermore, three tissue cores were taken from all breast lesions under ultrasound tutelage during
biopsy set by 14 G true cut automatic biopsy needle, one of them stored in RNA lysis solution at -800C
before genetic processing of Dp 103 and Nf-kB genes and other two cores stored within formalin 10% for

histopathological and hormonal receptors assessment.

2.3 Biochemical analysis

Five ml of peripheral blood sample were collected for serum separation and determination of Dp103
(ELISAKitassays.com, Catalog No. ELISAHuU005596) and MMP-9 (Cusabio kits, Catalog No.CSB-
E08006h) using ELIZA technique. Also, cancer antigen 15.3 (CA 15.3) and carcinoembryonic antigen

(CEA) were assessed following standard laboratory methods.

2.4 Real time PCR

Expression of mMRNA was determined using real time polymerase chain reaction. Primers sets for each
gene are listed in (Table 1). Total RNA was extracted from benign, breast cancer and adjacent healthy
breast tissue as control groups using RNeasy Mini kit (QIAGEN, Germany) as specified by the
manufacture protocol. RNA purity was verified spectrophotometrically at 260/280 nm. Equal amounts of
RNA (2ug) were reverse transcribed into cDNA using QuantiTect Reverse Transcription Kit (QIAGEN,
Germany). PCR amplification using Step One thermal cycler (applied biochemistry) was fulfilled in 20 pl
reaction mixture consisting of 10 pl SYBR® Green PCR Master Mix (cat. No. 204143 or 204163), 1 ul
forward primer (nM), 1 ul reverse primer (nM), 3 pl cDNA, and 5 pl RNase free water. The following
program was used for Dp103: initial heat activation for 15 min. at 95 CO, denaturation for 15 sec. at 94
CO, annealing for 30 sec. at 60 CO and extension for 30 sec. at 72 CO and number of cycles were 40
cycles while for NF-kB was 95T for 10min, followed by 40 cycles of 95C for 15 sec and 60T for 1 min.
The sequences of PCR primer pairs utilized for each gene are shown below. All values were normalized
to the GAPDH genes as an invariant endogenous control (reference gene). The relative expression was
calculated from the 2-AACT formula [24].
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Table 1: List of primers sequences applied in real time-PCR.

Genes Forward primer Reverse primer

GAPDH ATTCCACCCATGGCAAATTC TGGGATTTCCATTGATGACAAG
NF-kB GTGGTGCCTCACTGCTAACT GTGGTGCCTCACTGCTAACT
Dp 103 GGAAGGCTTAGAGTGTCATGTC TGAGTTGCTTAATTCTGCCAGG

2.5 Statistical analysis
Data were assessed with Graph Pad prism software using Student t test and Pearson’s test. Results were

expressed as means + standard deviation and p < 0.05 was considered statistically significant.

3. RESULTS

3.1 PATIENT FEATURES

The study consisted of 60 patients with primary breast cancer aged between 28 81 years
(54.89+13.04years); subdivided into 22 patients without metastatic lymph node and 18 patients with
metastatic lymph node, 20 patients with benign breast tumor aged between 32 65 years
(43.25+11.18years). All breast cancer types were invasive ductal carcinoma and the pathology of the
benign tumor group was mainly fibroadenoma. In addition to, 18 healthy female as control group aged
between 28-58 years (42.22+11.98 years). The clinocopathological characteristics of both benign and

breast cancer patients listed in (Table 2).

Table 2: Clinical examination and histopathological characteristics of primary breast cancer and

benign breast tumour groups

Parameter Percentage (%)
Grade

Grade | 5.6
Grade Il 75.0
Grade Il 194
ER

(Negative) 22.22
(Positive) 77.77
PR

(Negative) 24.24
(Positive) 75.75
HER?2

(Negative) 70.58
(Positive) 29.41
Nodal status :

NO 55
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N1 30

N2 7.5
N3 7.5
Tumor size:

T2 48.5
T3 42.4
=T4 9.1
Benign breast tumor diagnosis Percentage of patients
FA 70
FM 10
SCT 5
GM 5
FN 5
FET 5

ER: estrogen receptor, PR: progesterone receptor, HER2: human epidermal growth factor receptor 2. FA:
Fibroadenoma, FM: Fibrocystic mastopathy, SCT: Spindle cell tumour, GM: Granulomatous mastitis, FN:
Fat necrosis, FET: Fibro-epithelial tumour

3.1 Serum levels of tumor markers

The levels of CA 15.3 and CEA in benign tumor group were significantly lower (17.14+6.19 and 2.22+0.87
respectively, P <0.001) than in breast cancer group (104.70+11.40 and 14.0+20.39 respectively, P
<0.001) (Table 3).

3.1.1 Serum levels of Dp 103 and MMP-9

Serum level of Dp103 was significantly higher in breast cancer (26.58+7.55) when compared to control
and benign tumor groups (18.14+2.83 and 19.42+4.38, respectively; P<0.001), as well as, the serum level
of MMP-9 in breast cancer group (700.17+184.01) was significantly higher than control and benign tumor
groups (271.61+108.11 and 301+98.14, respectively, P <0.001) (Table 3).

Table 3: Age and biochemical parameters of the stud  ied groups as meant SD

Control Benign breast tumor Primary breast canc er
parameters
n=18 n=20 n=40
Age 42.22+11.98 43.25+11.18 54.89+13.04%
CA 15.3 (U/ml) 8.58+3.29 17.1446.19 104.70+11.40%
CEA (ng/ml) 0.93+0.38 2.22+0.87° 14.0+20.39%
Serum MMP-9 (ng/ml) 271.61+108.11 301+98.13 700.17+184.01%°
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Serum Dp103 (ng/ml) 18.14+2.84 19.42+4.38 26.58+7.55%

Significance is considered at P < 0.05. ®P: significant vs. control group, °P: significant vs. benign breast
tumor group.

3.2 Tissue levels of Dp 103 and NF- kB

The expression levels of both Dp103 and NF-kB were significantly higher in breast cancer with positive
lymph node than benign tumor tissues and none metastatic lymph node (p< 0.001) (Table 3).As well as,
the serum levels of both MMP-9 and Dp 103 showed the same pattern when compared to none

metastatic lymph node (Table 4).

Table 4: Fold expression of Dp103 and Nf- kB and serum levels of Dp 103 and MMP-9 in studied

groups as meant SD

Primary breast cancer N=40

Adjacent Benign Adjacent
None .
Parameters normal breast normal T etastatic Metastatic
breast tissue tumor breast tissue
lymph node
N=10 N=20 N=10 lymph node N =18
N =22
Fold
expression of 1.06+0.19 1.73+0.13 1.0140.12 7.03£1.91 13.79+4.79 %
Dp103
Fold
expression of 1.3340.26 5.64+1.68 1.0040.00 14.02+3.86 22.18+7.80 %
NF-kB
Serum level of b
-------------------- 23.73+7.15 30.60+ 4.99

Dp 103 (ng/ml)
Serum level of

b
MMP-Q (ng/mi) T T T 598.48+137.73 818.83+166.37

Significance is considered at P < 0.05. ®P: significant vs. benign tumor group, °P: significant vs. none
metastatic lymph node.

3.3 Pearson’s correlation analysis

There was a significant positive association between serum levels of Dp103 in primary breast cancer
patients and CA 15.3 (r= 0.3195 and P= 0.044) (Fig.1). There were no remarkable significant correlations
detected with any of the studied parameters and fold expression of Dp 103 .
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Fig.1: Pearson’s correlation between serum levels of Dp 10 3 and CA 15.3 in primary breast cancer
group (r=0.3195 and P=0.044).

3.4 Roc analyses in lymph node groups

The overall performance of serum Dp 103, MMP-9, and tissue expression of both Dp103 and NF-kB were
assessed by ROC curve analysis. The best cut-off value for serum Dp103 in metastatic lymph node group
was >24.6 (P <0.0001) with 88.9% sensitivity and 63.6 % specificity producing area under the curve
(AUC) 0.792 (Fig.2). For tissue expression of Dp 103 in metastatic lymph node; the best cut-off point was
>9.75 (P <0.001) with 77.78 % sensitivity and 100% specificity producing AUC= 0.896 (Fig.3). On the
other hands, the best cut-off point for serum MMP-9 was >700 (P <0.001) with 72.2% sensitivity and
81.8% specificity and AUC= 0.842 (Fig.4), whilst for NF- kB tissue expression, the best cut-off value was
>17.27 (P <0.001) with 77.8% sensitivity and 86.4% specificity producing AUC= 0.886 (Fig.5).
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4. DISCUSSION
Worldwide, breast cancer is considered one of the most common types of cancer affecting women [25].

Breast cancer is classified into two major types, ductal carcinoma (that starts in the cells of milk ducts)
and lobular carcinoma (that starts in the breast lobules, the milk producing glands), and further divided
into invasive (spread) or non-invasive (in situ) types [26]. Annually, it is estimated that more than one
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million new cases of breast cancer are diagnosed [27].As a consequence it is worthy to find more reliable
biomarkers to provide early diagnosis and well prognosis of this type of cancer. The current study
described for the first time the estimation of serum Dp103 level in breast cancer patients, and we noticed
that, serum level of Dp103 was higher in primary breast cancer when compared to the control and benign
tumor patient groups. Also, its level positively correlated with CA 15.3. Consequently, we could not
confirm our findings by other publications as there are not any available reports. We found that, serum
levels of MMP-9 and CA 15.3 were higher in primary breast cancer patients than in benign tumor. Similar
data were observed in the work of Lawickiet al., [28] who reported statistically significant higher plasma
levels of VEGF, MMP-9, and CA 15-3 in patients with breast cancer compared with healthy women. Also,
these results concur with Rashadet al., [29] who revealed that MMP-9 level was significantly higher in
patients with positive lymph node than patients without lymph node involvement. Furthermore, Heo et al.,
[30] reported significant high serum levels of both MMP-2 and MMP-9 in breast cancer patients compared
to patients with benign tumor. In experimental mouse models where lung carcinoma or melanoma cells
injected into MMP9-deficient mice, manifested that MMP-9 in the injected mice promotes metastatic
colonization of the lung [31]. Moreover, metastatic colonization was promoted in MMP-9 knockout mice by
adding MMP-9 expressing bone marrow [31]; also MMP-9 enhances lung metastasis in multistage
mammary tumor model, obtained from the pro-angiogenic participation of MMP-9 neutrophil in the lungs
[32]. These studies support the idea that MMP-9 can reinforce metastasis expressed by stromal cells, at
least in mouse models. However, different studies examining the expression of MMP-9 in human tumors
using immunohistochemistry have concluded that MMP-9 is most excessively generated by tumor cells,
with low expression frequency in fibroblasts and immune cells [33]. Regards to Dp103 tissue expression,
we found that the expression in primary cancer was significantly higher than that of benign tumor and
normal tissue. Upon subdivision of primary breast cancer patients according to lymph node involvement;
we found that patients with metastatic lymph node had significantly elevated tissue expression of Dp 103
and NF-kB with serum level of Dp 103 and MMP-9 exhibited the same pattern comparing to patients with
negative lymph node involvement, suggesting that Dp 103 and MMP-9 had a role in breast cancer
metastasis. These results in agreement with Eun et al., [34],Heo et al., [30] and Daniele et al., [35]. In
tumor cells, NF-kB is activated due to mutations in genes that encoding NF-kB transcription factors or in
genes that control NF-kB activity. In addition, factors that influence NF-kB activity are secreted by some
tumor cells [36]. Therefore, blocking NF-kB can stop proliferation of tumor cells or become more sensitive
to anti-tumor agents [37]. Cells with elevated NF-kB activity deregulate production of chemokines, which
increases migration activity [38]. In addition, NF-kB sites were specified in the promoters of genes which
encode several proteolytic enzymes as matrix metalloproteinases (MMPs) that involved in promoting
tumor invasion of surrounding tissue [39]. NF-kB has been involved in the development of cancers of
epithelial origin, such as breast cancer [40]. Several studies have reported an elevation of NF-kB DNA-
binding activity both in mammary carcinoma cell lines and primary breast cancer cells [41]. We found a

higher expression level of NF-kB in primary breast cancer than both benign tumor and normal adjacent
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tissue. This was consistent with Eun et al., [34] who reported that activated NF-kB correlates with DP103
expression and patient survival. DP103 has ability on NF-kB regulation pathway and it may be crucial for
its regulation of MMP9, as it regulates NF-kB—dependent gene expression due to multiple stimuli such as
tumor necrosis factor alpha, interleukin- 1, and lipopolysaccharides, in addition to DNA damaging
reagents, which initiate NF-kB activation pathway through binding to transforming growth factor activated
kinase-1 (TAK1) and acting as a cofactor, thus increasing TAK1-mediated IKK2 phosphorylation, and
hence NF-kB activation [34]. Knock down experiments of Dpl103 showed down regulation of NF-kB
activation by a wide range of general stimuli, as TNF-a and lipopolysaccharide, pointing to involvement of
the IKKs and TAK1 which are fellows of the mitogen-activated protein kinase (MAPK). Using endogenous
purified proteins, it was reported that DP103 can fairly bind to TAK1 and acts as a cofactor, thus boosting
TAK1- mediated IKK2 phosphorylation, and hence NF-kB activation [34].

5. CONCLUSION

The present study is an exploratory survey as it, for the first time, studied serum Dp103 in Egyptian breast
cancer women and revealed that MMP-9 serum level is associated with serum Dp103 and the last one
may have a role in breast cancer metastasis and poor prognosis through activation of NF-kB pathway.
The present study has a limitation: the sample size was relatively small. Consequently, the present study
should be done on large number of breast cancer population to emphasize our results about serum

Dp103 and its prognostic effect on lymph node metastasis.

CONSENT

As per international standard or university standard, patient’s written consent has been collected and

preserved by the authors.

REFERENCES

1. DeSantis C, Siegel R, Bandi P and Jemal A (2011): Breast cancer statistics, 2011. CA Cancer J
Clin ; 61(6):409-418.

2. Zani S and Clary BMA (2011): Role for hepatic metastasectomy in stage IV melanoma and breast
cancer: re-establishing the surgical modality. Oncology (Williston Park); 25(12):1158-1164.

3. Mego M, Mani SA and Cristofanilli M (2010): Molecular mechanisms of metastasis in breast
cancer, clinical applications. Nat Rev ClinOncol ; 7 (12):693 -701.

4. Kraljevic Pavelic Sandra, Mirela Sedic, Hrvojka Bosnjak, Sime Spaventi and Kresimir Pavelic
(2011): Metastasis: new perspectives on an old problem, Molecular Cancer; 10: 22.

5. Klein T and Bischoff R (2011): Physiology and pathophysiology of matrix metalloproteases.
Amino Acids; 41:271-290.

10



255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Stuelten CH, DaCosta Byfield S, Arany PR, Karpova TS, and Roberts AB (2005): Breast cancer
cells induce stromal fibroblasts to express MMP-9 via secretion of TNF-alpha and TGF-beta. J
Cell Sci; 118: 2143-2153.

Kessenbrock K, Plaks V and Werb Z (2010): Matrix metalloproteinases: regulators of the tumor
microenvironment. Cell; 141:52—67.

Yu W, Liu J, Xiong X, Ai Y and Wang H (2009): Expression of MMP9 and CD147 in invasive
squamous cell carcinoma of the uterine cervix and their implication. Pathol Res Pract; 205:709—
715.

Zeng ZS, Huang Y, Cohen AM and Guillem JG (1996): Prediction of colorectal cancer relapse
and survival via tissue RNA levels of matrix metalloproteinase-9. J ClinOncol; 14:3133-3140.
Sillanpaa S, Anttila M, Voutilainen K, Ropponen K, Turpeenniemi-Hujanen T, Puistola U et al
(2007): Prognostic significance of matrix metalloproteinase-9 (MMP-9) in epithelial ovarian
cancer. GynecolOncol; 104:296-303.

McGowan PM and Duffy MJ (2008): Matrix metalloproteinase expression and outcome in
patients with breast cancer: analysis of a published database. Ann Oncol; 1566-1572.

Roy R, Yang J and Moses MA (2009): Matrix metalloproteinases as novel biomarkers and
potential therapeutic targets in human cancer. J ClinOncol; 27:5287-5297.

Ghosh S, Ma M.J and Kopp E B (1998): NF-kappa B and Relproteins: evolutionarily conserved
mediators of immuneresponses. Annu.Rev.Immunol.; 16: 225-260.

Pahl HL (1999): Activators and tar- get genes of Rel/NF-kappaB transcription factors. Oncogene;
18: 6853—-6866.

Hanahan D and Weinberg RA (2011): Hallmarks of cancer: the next generation. Cell 144; 646—
674.

Tew GW, Lorimer EL, Ber T, Zhi H, Li R and Williams C L (2008): SmgGDS regulates cell
proliferation, migration, and NF- kappa B transcriptional activity in non-small cell lung carcinoma.
J. Biol. Chem.; 283: 963-976.

Chua HL, Bhat-Nakshatri P, Clare SE, Morimiya A, Badve S and Nakshatri H (2007): NF-kappa
represses E-cadherin expression and enhances epithelial to mesenchymal transition of mammary
epithelia cells: potential involvement of ZEB- 1 and ZEB Oncogene; 26: 711-724.

Zou P, Kawada J, Pesnicak L and Cohen JlI (2007):Bortezomib induces apoptosis of Epstein-
Barr virus (EBV)-transformed B cells and prolongs survival of mice inoculated with EBV-
transformed B cells. J. Virol.; 81: 10029-10036.

Vilimas T, Mascarenhas J, Palom-ero T, and Cohen JI (2007): Targeting the NF-kappaB
signalling pathway in Notchl-inducedT-cellleukemia. Nat. Med; 13: 70-77.

Meylan E, Dooley AL, Feldser DM, Shen L, Turk E and Ouyang C (2009): Requirement for NF-

kappa B signalling in a mouse model of lung adenocarcinoma. Nature; 462: 104-107.

11



291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Charroux B, Pellizzoni L, Perkinson RA, Shevchenko A, Mann M and Dreyfuss G. Gemin (1999):
A novel DEAD box protein that interacts with SMN, the spinal muscular atrophy gene product,
and is a component of gems. J Cell Biol.; 147(6): 1181-94.

Gillian AL and Svaren J (2004): The Ddx20/DP103 dead box protein represses transcriptional
activation by Egr2/Krox-20. J BiolChem; 279 (10): 9056—9063.

Klappacher GW, Lunyak VV, Sykes DB, Sawka-Verhelle D, Sage J, Brard G, et al (2002): An
induced Ets repressor complex regulates growth arrest during terminal macrophage
differentiation. Cell; 109 (2):169-180.

Livak KJ and Schmittgen TD (2001): Analysis of relative gene expression data using real-time
guantitative PCR and the 2(-Delta Delta C (T)) Method. Methods; 25: 402— 408.

Karimi P, Shahrokni A and Moradi S (2013): Evidence for U.S. Preventive Services Task Force
(USPSTF) Recommendations against Routine Mammography for Females between 40-4 Years
of Age. Asian Pac J Cancer Prev.; 14(3): 2137-2139.

Chen Y (2012): Breast Cancer. Available from:
http://www.nlm.nih.gov/medlineplus/ency/article/000913.htm.

American Cancer Society (ACS) (2012): Global Cancer Facts and Figures. Atlanta, GA: American
Cancer Society; 2007. Available from:
http://www.cancer.org/acs/groups/content/@nho/documents/document/globalfacts and
figures2007rev2p.pdf.

tawicki S, Zajkowska M, Glazewska EK, Bedkowska GE and Szmitkowski M (2016): Plasma
levels and diagnostic utility of VEG F, MMP-9, and TIMP-1 in the diagnosis of patients with breast
cancer, OncoTargets and Therapy; 9: 911-919.

Rashad YA, Elkhodary TR, El-Gayar AM and Eissa LA (2013): Evaluation of serum levels of
HER2, MMP-9, nitric oxide, and total antioxidant capacity in Egyptian breast cancer patients:
correlation with clinico-pathological parameters. Sci Pharm; 82(1):129-145.

Heo Dong Sik , Hoon Choi, Mi Young Yeom, ByungJoo Song And Se Jeong Oh (2014):Serum
levels of matrix metalloproteinase-9 predict lymph node metastasis in breast cancer patients,
Oncology Reports ; 31: 1567-1572.

Acuff HB, Sinnamon M, Fingleton B, Boone B, Levy SE, Chen X et al (2006): Analysis of host-
and tumor derived proteinases using a custom dual species microarray reveals a protective role
for stromal matrix metalloproteinase-12 in non-small cell lung cancer. Cancer Res.; (16): 7968-
7975.

Martin MD, Carter KJ, Jean-Philippe SR, Chang M, Mobashery S, Thiolloy S et al (2008): Effect
of ablation or inhibition of stromal matrix metalloproteinase-9 on lung metastasis in a breast
cancer model is dependent on genetic background. Cancer Res; 68(15): 6251-6259.

Vizoso FJ, Gonzalez LO, Corte MD, Rodriguez JC, Vazquez J, Lamelas ML et al (2007): Study of

matrix metalloproteinases and their inhibitors in breast cancer. Br J Cancer; 96(6):903-911.
12



328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346

34.

35.

36.

37.

38.

39.

40.

41.

Eun Myoung Shin, Hui Sin Hay, Moon Hee Lee, Jen Nee Goh, Tuan Zea Tan, Yin Ping Sen et al
(2014): DEAD-box helicase DP103 defines metastatic potential of human breast cancers. J Clin
Invest; 124 (9):3807-24.

Daniele A, Zito AF, Giannelli G, Divella R, Asselti M, Mazzocca A et al (2010): Expression of
Metalloproteinases MMP-2 and MMP-9 in Sentinel Lymph Node and Serum of Patients with
Metastatic and Non-Metastatic Breast Cancer, Anticancer Research; 30: 3521-3528.

Ben-Neriah Y and Karin M (2011): Inflammation meets cancer, with NF-B as the matchmaker.
Nat. Immunol; 12, 715-723.

Escarcega RO, Fuentes-Alexandro S, Garcia-Carrasco M, Gatica A and Zamora A (2007): The
transcription factor nuclear factor-kB and cancer. Clin. Oncol.; 19: 154-161.

Karin M, Cao Y, Greten FR and Li ZW (2002): NF-kB in cancer: From innocent by stander to
major culprit. Nat. Rev.Cancer; 2: 301-310.

Overall CM and Lopez-Otin C (2002): Strategies for MMP inhibition in cancer: Innovations for the
post-trial era. Nat. Rev. Cancer; 2: 657—672.

Brown M, Cohen J, Arun P, Chen Z and VanWaes C (2008): NF-B in carcinoma therapy and
prevention. Expert Opin. Ther. Targets; 12: 1109-1122.

Nakshatri H, Bhat-Nakshatri P, Martin DA, Goulet RJ and Sledge GW (1997): Constitutive
activation of NF-kB during progression of breast cancer to hormone in dependent growth. Mol.
Cell. Biol; 17: 3629-3639.

13



