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ABSTRACT 
 

The pox-virus zinc finger protein (POZ-ZF), also termed 

leukemia/lymphoma related factor (LRF) belongs to the POK family of 

transcriptional repressors, which is also known as POK erythroid myeloid 

ontogenic factor (Pokemon), factor binding to short transcripts of HIV-1 (FBI-1), 

and TTF-1 interacting peptide (TIP21).  Its oncogenic role is known only in 

lymphoma, non-small cell lung carcinoma, and malignant gliomas. The 

functional expression of LRF in human breast carcinoma has not been confirmed. 

The aim of this study was to investigate the expression of LRF and propose a 

mechanism for its function in human breast carcinoma.  

 The expression of LRF mRNA transcripts and protein in human breast 

biopsy tissues was quantified by RT-PCR and western blotting. All malignant 

breast tissues expressed significantly more LRF mRNA transcripts and total 

protein than the benign breast tissues. LRF expression was also observed in 

human colon, renal, lung, hepatocellular, mesothelioma, and thymoma 

carcinomas. In general, a significantly higher expression of LRF was seen in 

malignant tissue than in the corresponding benign or normal tissue. 

 LRF expression was high in four of five breast cell lines. Its expression was 

significantly increased in response to IGF-1, TGF-β1, and TGF-β2 but not EGF. 

Overexpressed LRF significantly increased TGF-βRII and Smad4 expression. It 

also activated and interacted with the active p65 subunit of NF-κB. 

Overexpressed LRF also upregulated the expression of the cyclin A, down-

regulated p21CIP/WAF expression and induced cell cycle arrest in the G2 phase.  

 i



Further studies are warranted to determine the malignant or proliferative role of 

LRF in human breast carcinoma.       
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Chapter 1 
 

INTRODUCTION 
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1.1 Cancer: A widespread endemic  

           Cancer is an endemic that affects humans worldwide and is characterized 

by the uncontrolled growth of abnormal cells (Cella and Tulsky, 1993). All 

cancers involve the malfunction of genes that control cell growth and division. It 

is caused by internal and external factors (genetics, cigarette smoke, diet, etc) and 

about 77% of all cancers are diagnosed in the elderly (55 or older) (ACS, 2008). It 

is estimated that approximately 1.5 million people will be diagnosed with and 

600,000 will die from cancer in 2008 in the United States of America (ACS, 

2008). Early detection of cancer is promising; however, a cure has yet to be 

found.     

  

1.1.1 Breast cancer prevalence and risk factors  

Breast cancer accounts for one-third of cancer diagnoses and 15% of 

cancer deaths in the US in recent years (Greenlee et al., 2004; Cianfroca and 

Goldstein, 2004). It is the second leading cause of death due to cancer in women 

in North America and Western Europe (Seltzer, 2000). The epidemiology of 

breast carcinoma is well established and commonly known risk factors for breast 

cancer are gender, age, genetic predisposition, hormonal factors, clinical factors, 

alcohol consumption, obesity, chemoprevention, and hormone replacement 

therapy (HRT). Of these risk factors, gender and age are the most important. 

Currently, a woman living in the US has a 12.3% (1 in 8) lifetime risk of 

developing breast cancer and this risk increases significantly with increasing age 

(ACS, 2007). Of all cancer diagnoses for men in 2008, only 1% of them will be in 

the breast (ACS, 2007). If a first degree relative had breast cancer, the risk of the 
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kin getting breast cancer is increased due to genetic predisposition. Hormonal 

factors, particularly levels of estrogen and progesterone at early menarche and 

menopause at older age, can also increase the risk of breast cancer. High breast 

tissue density (a mammographic indicator of the amount of glandular tissue 

relative to the fatty tissue in the breast) is a strong risk factor for breast cancer. 

Alcohol consumption increases risk of breast cancer because estrogen and 

androgen levels are also increased (Terry et al., 2006). Obesity increases the risk 

of postmenopausal breast cancer because the increased adipose tissue increases 

estrogen levels and the likelihood of development of breast cancer (Eliassen et al., 

2006). Chemoprevention can be beneficial when anti-cancer drugs, such as 

raloxifene and tamoxifen, lower the chances of getting breast cancer in those that 

are at high risk (Vogel et al., 2006). Women that are on hormone replacement 

therapy (HRT) are at a higher risk of getting breast cancer due to increased breast 

tissue density. Risk factors that are modifiable (obesity, alcohol consumption, 

chemoprevention, and HRT) help reduce the possibility of developing breast 

carcinoma (Hulka and Moorman, 2001). 

 

1.1.2 Forms of breast cancer   

Amongst histopathological variants, the most commonly diagnosed type of 

breast carcinoma is invasive ductal carcinoma (IDC), accounting for 80% of 

diagnoses, in which the cancer begins in the lactiferous ducts of the breast 

spreads to the surrounding lymph nodes and other tissues (Dalgin et al., 2007). 

Invasive lobular carcinoma (ILC) accounts for 10-15% of all breast cancers and 

refers to the invasion of the cancer that began in the lobules to surrounding 
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lymph nodes and other tissues (Vo et al., 2006). Ductal carcinoma in situ (DCIS) 

is not characterized as invasive because it is confined to the lactiferous ducts of 

the breast where it started and is classified as Stage 0 in the breast cancer staging 

system (Irvine and Fentiman, 2007). Lobular carcinoma in situ (LCIS), the least 

commonly diagnosed type of breast cancer, is also not characterized as an 

invasive because the cancer remains in the lobules (Middleton et al., 2007) 

(Figure 1).  

Benign hyperplasia and fibroadenoma are commonly diagnosed breast 

diseases in which chances of development of breast carcinoma are little to none 

(Ashbeck et al., 2007). Paget’s disease of the nipple is an epidermal tumor but has 

features of DCIS and invasive ductal carcinoma (Fisher et al., 1975).  
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Figure 1. Anatomy of the ductal and lobular system of the breast 

The lactate, produced in the lobules, is carried from the acini to the terminal and 

segmental ducts through the collecting ducts and is discharged through the 

nipple. The ducts and lobules are the main sites of breast cancer formation.  
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1.1.3 Diagnosing breast carcinoma  

 The current criteria for detection and prognosis of breast cancer include 

an abnormal breast biopsy, tumor size, histological grade, estrogen and 

progesterone reception status, presence of HER2/Neu oncogene, and aberrant 

methylation of genes (Lostumbo et al., 2006; Laird, 2003; Agrawal et al., 2007). 

The classification of tumors by the American Joint Committee on Cancer (AJCC) 

is commonly used in clinical setting and considers tumor size (T), lymph node 

involvement (N), and distant metastases (M) (AJCC Cancer Staging Manual, 

2002). A stage (I-IV) is assigned, with stage I being an early stage and stage IV 

being the most advanced, after the T, N, and M are determined. In the 

Surveillance, Epidemiology and End Results (SEER) Summary Staging system, 

tumor stages are assigned according to the location of the tumors (local, regional, 

or distant stages) (Young et al., 2001). Though new imaging techniques have 

increased the number of breast cancer diagnoses at earlier stages, the 

mechanisms underlying the malignant behavior of breast cancer need to be fully 

elucidated in order to develop future therapeutic strategies for the disease.  

 

1.2 Cytokines and growth factors involved in breast cancer 

progression 

 Apoptosis and proliferation occur regularly during normal growth and 

development of the mammary gland. These processes are regulated by various 

cytokines and growth factors including epidermal growth factor (EGF), insulin-

like growth factor-1 (IGF-1), transforming growth factor-beta (TGF-β), and tumor 

necrosis factor-alpha (TNF-α). Abnormal expression of these polypeptides can 
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aberrantly regulate the cell cycle and counterbalance the natural and normal 

development of the breast and promote breast carcinoma (Rosfjord and Dickson, 

1999).    

 

1.2.1 Epidermal growth factor  

 Epidermal growth factor (EGF) is a potent mitogen that mediates cellular 

proliferation, cell survival, chemotaxis, and differentiation (Danielsen and 

Maihle, 2002; Mosadegh et al., 2008). It is produced by keratinocytes and 

macrophages (Earp et al., 2003). EGF binds to its receptor, epidermal growth 

factor receptor (EGFR/ErbB1), to initiate the MAPK, PI3K/Akt, and JNK 

signaling cascades (De Luca et al., 2008).  Abnormal expression of EGF and 

EGFR is observed in pancreatic, prostate, stomach, colon, ovary, liver, lung, and 

breast carcinomas (Pryczynicz et al., 2008).    

Treatment with EGF for four days significantly changes the morphology of 

MCF-7 breast cancer cells and induces cell motility, but does not significantly 

change cellular proliferation (Garcia et al., 2006). The EGF receptor family 

member, ErbB2/Her2-cNeu, is expressed in 20-25% of breast cancers (Earp et 

al., 2003).   

 

1.2.2 Insulin-like growth factor-1     

 Insulin-like growth factor-1 (IGF-1) is a protein primarily produced by the 

liver and brain and its effects reach many parts of the body including muscle, 

cartilage, bone, kidney, nerves, skin, and lungs (Daftary and Gore, 2005). It is 

continuously produced and its levels are often measured in patients with growth 
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hormone deficiency or excess in adolescents (Mauras et al., 2007). IGF-1 binds to 

its cell-surface receptor, insulin-like growth factor1-receptor (IGF1-R), to initiate 

physiological responses including cancer cell proliferation, inflammation, 

adhesion, migration and apoptosis via the phosphatidylinositol 3-kinase (PI-

3K)/Akt pathway and the Erk/MAPK pathway (Prueitt et al., 2007; LeRoith and 

Roberts, 2003; Li and Miller, 2006). IGF-binding proteins (IGFBP) modulate the 

effects of IGF-1. IGFBP3 is upregulated in breast cancer (Renehan et al., 2006). 

Expression of IGF-1 is required for lactation and the development of the 

mammary gland (Laban et al., 2003).  

IGF-1 and its receptors play a crucial role in breast carcinoma and is a 

therapeutic target for anti-cancer drug designs (Sachdev and Yee, 2006). The 

importance of the interaction of IGF-1 and its receptor, IGF1-R, in breast cancer 

is still controversial. Proliferation of the MCF-7 breast cancer cells is observed 

with decrease in IGF1-R expression level (Neuenschwander et al., 1995). A higher 

expression of IGF1-R and level of IGF-1 was observed in breast cancer cells than 

in benign tumors (Mizukami et al., 1990; Sarakbi et al., 2006). The expression of 

IGF-1 and IGF1-R mRNA is lower in cancer tissues compared to adjacent normal 

and other benign breast tissues (Shin et al., 2007).   

IGF-1 induces proliferation of breast cancer cells by influencing the 

activity of cell cycle regulators. P21CIP/WAF, a molecule that binds to cyclin-

dependent kinases in the G1 phase of the cell cycle, is a positive regulator of MCF-

7 breast cancer cell proliferation in the presence of IGF-1 (Dupont et al., 2000; 

Dupont et al., 2003). IGF-1 also enhances the activity of cyclin D1, which is also 

expressed in the G1 phase, in MCF-7 cell (Hamelers et al., 2002).   
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1.2.3 Transforming growth factor-β  

 Members of the transforming growth factor-beta (TGFβ) superfamily are 

involved in many physiological processes including proliferation, apoptosis, 

migration, survival, and differentiation (Massague, 1996; Makinde et al., 2007).  

Many mammalian cells synthesize the three isoforms of TGFβ (TGFβ1, TGFβ2, 

and TGFβ3) which bind to two receptors (TGFβRI and TGFβRII) and activate 

Smad proteins to initiate a cellular response (Rahimi and Leof, 2007; Brown et 

al., 2007). Smads 4 and 7 are involved in breast tumorigenesis (Fink et al., 2003; 

Deckers et al., 2006).   

In the early phase of tumorigenesis, TGFβ1 acts as tumor-suppressor and 

promotes apoptosis thereby inhibiting primary tumor development. In the later 

stages of tumor progression, however, cancer cells become resistant to the 

apoptotic effects of TGFβ1 and increase of breast tumor cell proliferation and NF-

κB activity is seen (Sovak et al., 1999). TGF-β can induce signaling during any cell 

cycle phase but only induces arrest of G1 phase in breast epithelial cells by 

activating p21CIP/WAF1 (Massague and Gomis, 2006). TGF-β also recruits the 

transcription factor, specificity protein 1 (Sp1), to induce transcription of 

p15Ink4B (Rahimi and Leof, 2007).  

  

1.2.4 Tumor necrosis factor-α 

 The cytokine, tumor necrosis factor-alpha (TNF-α), is secreted by 

macrophages and can induce multiple cellular responses including cell 

proliferation, differentiation, apoptotic cell death, inflammation, tumorigenesis, 
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viral replication, lipid metabolism, and coagulation (Lin et al., 2008). TNF-α 

binds to tumor necrosis factor receptor-1 (TNF-R1) with a higher affinity than for 

tumor necrosis factor receptor-2 (TNF-R2) to activate nuclear factor kappa-B 

(NFκB) and upon binding, TNF-R1 and TNF-R2 mediate signals in either cell 

death or cell survival (Butt et al., 2005).  

 TNF-α promotes migration of breast cancer cells and the expression of its 

receptors is increased in breast carcinoma (Liang et al., 2007). Treatment with 

TNF-α increases proliferation and survival of breast cancer cells (Scherberich et 

al., 2005; Garcia-Tunon et al., 2006). TNFα can also be cytotoxic and induce 

apoptosis in BT-20 breast cancer cells within four hours of exposure (Bellomo et 

al., 1992). The anti-apoptotic proteins, Bcl-2 and Bcl-xL, inhibit this effect 

(Jaattela et al., 1995).   

 

1.3 POK proteins and carcinoma  

 The poxvirus and zinc finger proteins (POK) family of proteins, the human 

genome encodes about 44 POK proteins (Stogios et al., 2007). This family of 

transcription factors was named because of a unique N- terminal BTB domain 

and C-terminal Kruppel zinc fingers (Yang et al., 2008). The BTB domain of the 

protein is responsible for homo-/heterodimerization and recruitment of various 

co-repressor complexes such as histone deacetylases. The Kruppel zinc fingers 

mediate DNA recognition and binding (Albagli et al., 1995). They play an 

important role in not only embryonic development and cell differentiation, but 

also oncogenesis.  
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1.3.1 POK family members    

 POK proteins are implicated in cancer and repress the transcription of the 

same gene products including mSIN3A, SMRT/NcoR, and histone deacetylase-1 

(HDAC1) (Albagli et al, 1999; Kelly and Daniel, 2006). LRF and other POK family 

members, including B-cell lymphoma-6 (Bcl-6), hypermethylated in cancer-1 

(HIC-1), promyelocytic leukemia zinc finger (PLZF), Kaiso, and N-acetylcysteine 

(NAC-1) play a part in carcinogenesis (Kelly and Daniel, 2006; Collins et al., 

2001). 

 The potent oncogene product, Bcl-6, is a potent transcription repressor of 

the AP-1 factors, c-myc and c-fos (Altundag et al., 2004). It is implicated in Non-

Hodgkin’s and B-cell lymphomas (Ohno, 2006; Yoshida et al., 2005). It plays a 

dual role in osteosarcoma cells by restricting cell-cycle progression and cell 

survival at the basal-level. When overexpressed, however, Bcl-6 regulates S-phase 

initiation and progression (Albagli et al., 1999). It is expressed in 68% of 

clinically aggressive ductal breast and 35% of invasive breast carcinomas 

(Logarajah et al., 2003; Bos et al., 2003).    

 Transcription of HIC-1 is activated by p53 and hypermethylation of HIC-1 

is observed in cancers of the breast, colon, brain, leukemia, and ependymomas 

(Fujii et al., 1998; Waha et al., 2003; Waha et al, 2004). Loss of HIC-1 function 

results in increased cell proliferation and tumors (Mondal et al., 2006).  

Restoration of HIC-1 functional expression in MDA-MB-231 breast cancer cells 

by treatment with the demethylation drug, 5-aza-2’-deoxycytidine, suggests good 

prognosis for breast cancer patients (Nicoll et al., 2001).   
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PLZF is considered a prostatic-androgen response gene and regulation of 

the Pbx1 transcription factor leads to prostate cancer cell proliferation (Kikugawa 

et al., 2006). PLZF is involved in the progression of melanoma and acute 

promyelocytic leukemia (APL) (Felicetti et al., 2004; Chen et al., 1993; Dhordain 

et al., 2000; Piazza et al., 2004). A synthesized PLZF-ERα fusion protein 

inhibited the growth of MCF-7 breast cancer cells (Buluwela et al., 2005). PLZF 

functions as a transcriptional repressor and abrogates the progression of the cell 

cycle by interacting with cyclin A (Yeyati et al., 1999).   

 Kaiso is a transcriptional repressor for genes involved in the Wnt signaling 

pathway and interacts with cyclin D1, c-fos, and c-myc (van Roy and McCrea, 

2005; Park et al., 2005). Nuclear and cytoplasmic expression of Kaiso is observed 

in colon, paratesticular, breast and intestinal carcinomas but is absent in normal 

prostate, hepatocytes, and the normal colonic epithelial cells (Soubry et al., 2005; 

Prokhortchouk et al., 2006; Daniel, 2007).  

 NAC-1 was discovered in the nuclei of the rat brain and is upregulated in 

ovarian cancer cells after chemotherapy, especially with treatment with the anti-

cancer drug, paclitaxel (Mackler et al., 2000; Davidson et al., 2007). Its 

expression is correlated with poor prognosis in cervical, pancreatic, colorectal, 

and breast carcinomas (Yeasmin et al., 2008; Nakayama et al., 2006).  

 

1.3.2 Leukemia/Lymphoma Related Factor  

 The pox-virus zinc finger protein (POZ-ZF), LRF (Leukemia lymphoma-

related factor), belongs to the POK family of transcriptional repressors and is also 

known as FBI-1 (Factor that binds to IST-1, the HIV-1 inducer of short 
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transcripts), Pokemon (POK erythroid myeloid ontogenic factor), TIP21 (TTF1 

interacting peptide 21) and ZBTB7A (Pessler et al., 1997). A 72kDa protein and 

the product of the Zbtb7A gene (located on chromosome 19p13.3), LRF is 

characterized by a zinc finger at the carboxy-terminal domain and a BTB-POZ 

domain at the amino-terminal domain (Figure 2). 

LRF associates and co-localizes with another BTB/POZ domain protein, 

LAZ-3/BCL-6, in the nucleus but not with other POZ domain protein such as 

PLZF (Davies et al., 1999). Structural and sequential analyses suggest some 

similarity between BCL-6 and LRF, but not with PLZF of diffuse large cell 

lymphomas (Schubot et al., 2006; Davies et al., 1999).  

LRF also interacts with other transcription factors. Most notably, it 

enhances the transcription of NF-κB responsive genes, specifically the E-selectin 

gene, in the presence of an activator of PKCs, phorbol 12-myrisate-13-acetate 

(PMA), by facilitating and stabilizing nuclear import of NF-κB into the nucleus 

(Lee et al., 2005). Modulation by sumoylation and interaction with co-repressors, 

such as BCoR, NCoR, and SMRT, regulate the activity of LRF as a transcription 

factor (Roh et al., 2007).  

Fibronectin upregulates the expression of LRF in leukemia B-cells and 

prevents the cell from undergoing apoptosis (Astier et al., 2003). LRF is involved 

in diverse aspects of development and differentiation (Pessler et al., 2003; Lee, et 

al., 2002). LRF regulates the expression of extracellular matrix collagen type I, II, 

IX, X, XI, aggrecan, fibronectin, elastin, alcohol dehydrogenase, ADH5/FDH, the 

p14ARF tumor suppressor and the c-fos and c-myc oncoproteins (Pessler and  
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Figure 2: Structure of LRF  

At the NH2 terminal end, the POZ domain (amino acids 7-129) forms hetero-/ 

homodimers with other POZ family proteins and carries the co-repressor 

complex. At the COOH terminal end, the five Kruppel zinc fingers (amino acids 

376-484) are responsible for interaction with other proteins and DNA binding.  
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Hernandez, 2003; Maeda et al., 2005a, Lee et al., 2005). LRF associates with 

histone deacetylase-1 (HDAC-1) and the transcriptional regulator, msin3A to 

inhibit the expression of the human cartilage oligomeric matrix protein (COMP) 

gene (Liu, 2005; Liu et al., 2004). 

 

1.3.2.1 Role of LRF in cancer   

The functional expression and oncogenic properties of LRF is known in 

lymphomas, malignant gliomas, non-small cell lung carcinoma, and 

hepatocellular carcinoma (Maeda et al., 2005ab; Rovin and Winn, 2005; Ji et al., 

2007; Zhao et al., 2008).  Surveys of RNA from human tissue using reverse 

transcriptase polymerase chain reaction (RT-PCR) revealed the presence of LRF 

mRNA transcripts in the spleen, thymus, mammary gland, placenta, brain and 

heart (Davies et al., 1999).  

 Comparative genomic hybridization analysis indicated that LRF is 

expressed in adult human malignant glioma (Rovin and Winn, 2005). It is also 

involved in the differentiation of preadipocyte cells (Laudes et al., 2004). OCZF, 

the rat homologues of LRF, is involved in osteoclast differentiation (Kukita et al., 

1999). A study using mouse embryonic fibroblasts (MEFs) and oncogenes, c-myc, 

H-ras, and T-antigen, indicated the potential oncogenic role of LRF in the 

pathogenesis of cancer. LRF overexpression in transgenic mice led to the 

oncogenic transformation of MEFs, significantly increasing its expression in B-

cell and T-cell lymphomas than in the normal thymic cells (Maeda et al., 2005a). 

LRF is thought to be the master regulator in determining B-cell and T-cell 

lymphoid lineage fates (Maeda et al., 2007).  
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Overexpressed LRF suppresses the transcription of p14ARF so that Mdm2 

is no longer deactivated by p14ARF, leaving p53 to continue the cellular growth 

process (Agrawal et al., 2006). It is inferred that LRF induces tumorigenesis by 

suppressing the p53 pathway in cancers of the bladder, lung, colon, and breast 

(Maeda et al., 2005ab). Higher expression of LRF was seen in non-small cell lung 

carcinomas (NSCLCs) than in the normal lung epithelia (Apostolopoulou et al., 

2007; Zhao et al., 2008). LRF also aberrantly opposes the Notch signaling 

pathway by targeting certain upstream components that have yet to be 

determined (Maeda et al., 2007).  

Despite the known role of LRF in lymphoma, non-small cell lung 

carcinoma, malignant glioma, and speculation of its function in various 

physiological processes, the functional expression of LRF has not been observed 

in breast carcinomas.   

 

1.4 Potential role of NF-κB and LRF in breast carcinoma 

1.4.1 The NF-κB signal transduction pathway  

 The nuclear factor kappa-B (NFκB) belongs to a family of nuclear 

transcription factors that plays a key role in the expression of many genes 

involved in cancer, apoptosis, proliferation, invasion angiogenesis, metastasis, 

inflammation, infection, and stress conditions (Haffner et al., 2006; May and 

Ghosh, 1997; Sen and Baltimore, 1986; Ghosh et al., 1998; Shishodia and 

Aggarwal, 2004). It exists in homo- or heterodimeric forms in the cytoplasm of 

cells and remains inactive while bound to IκBα. NF-κB transcription factors 
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include Rel A/p65, RelB, c-Rel, p50/p105/NF-κB1 and p52/p100/NF-κB2 (Rayet 

and Gelinas, 1999; Guttridge et al., 1999). These proteins share a Rel homology 

domain (RHD) that is required for homo-/hetero- dimer formation. Extracellular 

signals from cytokines and growth factors, such as tumor necrosis factor-alpha 

(TNF-α), transforming growth factor beta1 (TGFβ1), transforming growth factor 

beta2 (TGFβ2), epidermal growth factor (EGF) and insulin-like growth factor-1 

(IGF-1), lead to the activation of a serine-specific IκB kinase (IKK) (Garcia-Tunon 

et al., 2006; Sovak et al., 1999; Lu et al., 2004; Balaram et al., 1999; Sethi et al., 

2007). Upon activation, IKK phosphorylates two serine residues near the N-

terminus of IκBα,  and releases NF-κB, which is usually a p50/p65 heterodimer 

or a p65/p65 homodimer (Gilmore, 1999). NF-κB enters the nucleus, binds to its 

target promoters, and activates transcription, while IκBα undergoes proteosomal 

degradation (Karin and Ben-Neriah, 2000). IκBα is among the target genes that 

are transcribed by NF-κB. The newly synthesized IκBα pulls off the active NF-κB 

and brings it to its resting state in the cytoplasm (Rayet and Gelinas, 1999) 

(Figure 3).  

  

1.4.2 NF-κB and breast carcinoma  

NF-κB is involved in the aberrant regulation of the cell cycle and thereby 

promotes proliferation of cancer cells (Green and Streulli, 2004). A direct 

association between activated NF-κB and breast cancer is well established and 

studies suggest that NF-κB is a therapeutic target for the treatment of breast 

 17



cancer (Kim et al., 2000; Cao and Karin, 2003; Green and Streuli, 2004). A 

definitive relationship exists between altered RelA/p65 gene expression and  

 

 

Figure 3: NF-κB signal transduction pathway 

Extracellular signals activate the IKK kinase which phosphorylates the serine 

residues on IκBα.  IκBα undergoes proteosomal degradation and the activated 

NF-κB (p65/p50 heterodimer or p65/p65 homodimer) enter the nucleus. NF-κB 

transcribes many inflammatory genes and other genes including IκBα. Upon 

transcription, IκBα, deactivates NF-κB and brings it a resting state in the 

cytoplasm.    
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breast adenocarcinoma (Mathew et al., 1993). Breast cancer cell lines, MCF-7 and 

578T, and primary rat mammary tumors expresses more NF-κB than the normal 

MCF10F and 578Bst breast cell lines and normal mammary gland (Sovak et al., 

1997). Expression and activity of NF-κB is higher in estrogen-receptor negative 

(ER-) breast cells lines, MDA-MB-231 and MDA-MB-435, than in the estrogen-

receptor positive (ER+) breast cell lines, MCF-7 and T-47 (Nakshatri et al., 1997; 

Biswas and Iglehart, 2006). Studies with tamoxifen and doxorubicin indicate that 

NF-κB may play a role in the proliferation of breast cancer cells by resisting 

activity anti-cancer drugs (Naderi et al., 2007; Tapia et al., 2007). Inhibitors of 

F-κB, such as Rugosin E and bortezomib, inhibited the proliferation of breast 

 et al., 2007). 

he nucleus thereby enhancing 

ranscription of E-selectin, a cell-adhesion molecule that is involved in 

flammatory response (Kobayashi et al., 2007).  
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1.4.3 NF-κB and LRF 

 Little is known about the interaction between LRF and NF-κB. Lee and 

associates (2005) stated that LRF enhances the transcription of the E-selectin 

protein which is a gene transcribed by NF-κB. E-selectin plays a role in 

tumorigenesis and metastasis (Shaker et al., 2006). Lee and associates (2005) 

showed that in a study with HeLa kidney cells that LRF interacts with the RHD of 

the p65 subunit of NF-κB and stabilizes it in t

t

in
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1.5 Cyclins 

 Cell cyclins and cyclin-dependent kinases (cdks) regulate the transition of 

cells through phases of the cell-cycle (Murray et al., 2006).  Quiescent cells enter 

the cell cycle (G0/G1 phase) when cyclins D and E are initiated and upregulated 

(Baldin et al., 1993). Cyclin E activity peaks in the G1 phase and degrades in the 

initial S- phase (Mazumder et al., 2004). Cyclins A and B function with Cdk1 in 

the S and mitotic phases of the cell cycle (Yam et al., 2002).  In general, cyclins D 

and E control the G1 phase while cyclins E and A manage the S phase, and cyclins 

m to the 

ucleus at the beginning of the mitotic phase (Pines and Hunter, 1991).  

A and B control the G2-M phase (Sutherland et al., 2003) (Figure 4). 

 Cyclin D has three isoforms (D1, D2, and D3) and is associated with Cdk4 

and Cdk6 (Aaltonen et al., 2008). Cyclin E is associated with Cdk2 and the 

cyclinE-Cdk2 complex is activated by cyclinD-Cdk4/6 (Harwell et al., 2004; 

Aaltonen et al., 2008). Cyclin A is associated with cdk1 and cdk2. Mammalian 

organisms contain two A-type cyclins, an embryonic specific cyclin A1 and a 

somatic cyclin A2 (Sweeney et al., 1996). Cyclin A is noted to be overexpressed in 

aggressive tumors and is associated with proliferation (Yang et al., 1997). Cyclin 

A1 is tissue-specific and is highly expressed in acute myeloid leukemia, testicular 

and breast cancers and cyclin A2 is commonly over-expressed in several cancers 

(Yasmeen et al., 2003). Cyclin B is coupled to Cdk1 and functions in the G2-M 

phases (Smits and Medema, 2001). It is translocated from the cytoplas

n
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Figure 4: The cell cycle landmarks 

The progression through the stages (Go, G1, S, G2, and M) of the cell cycle is 

controlled by serine/threonine kinases (cdks) and cyclins. The cell-cycle 

inhibitors, p21CIP/WAF and p27KIP1, prevent the action of cyclins. Two checkpoints 

in the cycle maintain the normal progression of dividing cells. 
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1.5.1  Cyclins and breast carcinoma:  

 Aberrant regulation of the cyclins is associated with the progression of 

breast carcinoma (Sutherland and Musgrove, 2004). Cyclin D is overexpressed in 

40-50% of all primary breast carcinomas and is associated with low-grade breast 

cancers (Musgrove et al., 1996; Aaltonen et al., 2008). It has been linked to 

tamoxifen-resistance (Ahnstrom et al., 2005; Jirstrom et al., 2005). Cyclin D1 is 

aberrantly expressed in MCF-7, MDA-MB-231, and T-47D breast cancer cells 

(Alao et al., 2006; Sutherland et al., 1993). Its expression occurs earlier than 

normal when breast cancer cells are stimulated with growth factors and steroids 

(Sutherland et al., 1995).      

 Cyclin A is overexpressed in breast cancer tissues (Bukholm et al., 2001). 

It is typically co-expressed with proliferation markers such as proliferative cell 

nuclear antigen (PCNA) and Ki-67 (Bulkhom et al., 2003). The cyclin A-Cdk2 

complex contributes to tumorigenesis by enhancing the activity of p53 (Zhang 

and Prives, 2001).  A study with 1,348 invasive breast cancer tissues indicated 

that ER-positive tumors had higher cyclin D1, high Ki67 and high cyclin A 

expression than ER-negative tumors (Aaltonen et al., 2008). 

 Cyclin E expression is strongly correlated with the survival of breast cancer 

patients (Keyomarsi et al., 2002).  Cyclin E expression strongly correlates with 

p53 mutations, larger tumor size, and high tumor grade (Lindahl et al., 2004). 

Overexpression of cyclin E is observed in low-risk (stage I) hormone receptor 

negative breast cancer and is also associated with a more malignant phenotype 

(Ahlin et al., 2008; Yasmeen et al., 2003).  
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 Aberrant expression of cyclin B1 is positively correlated with Ki-67, p53, 

and c-myc (Sheen et al., 2003; Dutta et al., 1995; Yin et al., 2001). Its expression 

inversely correlates with that of estrogen and progesterone receptors (Suzuki et 

al., 2007). Nuclear cyclin B1 induces chromosomal instability and enhances the 

aggressive nature of breast cancer cells (Kuhling et al., 2003). 
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1.6 Hypothesis and Specific Aims  

HYPOTHESIS   

Leukemia/lymphoma related factor (LRF) is highly expressed in 

breast carcinoma tissues and is critically involved in the proliferation 

of human breast carcinoma cells by interaction with and activation of 

transcription factor, NF-κB.    

 

SPECIFIC AIMS  

1. To compare the expression of LRF and its mRNA in benign and 

malignant breast biopsy tissues with the expression in other cancers.  

 

2. To study the expression of LRF and its mRNA in human breast 

cancer cells lines (MCF-7, MDA-MB-231, T-47D, ZR-75-1) and 

immortalized normal breast cell line (MCF-10A).   

 

3. To study the proliferative effect of LRF in breast cancer cells after 

stimulation with growth factors (EGF, IGF-1, TGF-β1, TGF-β2) and 

cytokine (TNF-α).   

 

4. To study the effect of LRF over-expression on NF-κB activation.  

 

5. To study the expression of the cell cycle regulatory proteins, 

cyclins, after overexpression of LRF in breast cancer cells. 
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2.1  Materials: Reagents, solutions, buffers, and treatment protocols 

A list of reagents, buffers, and other solutions used in the experimental 

methods is provided in Table 1. All antibodies used are listed with source and 

the dilution used in the western blotting method. The anti-LRF rabbit polyclonal 

antibody raised against a peptide derived from the C-terminal region of LRF 

(amino acids 533-547, Cys-GQEKHFKDEDEDEDV) was prepared by Pacific 

Immunology (Ramona, CA). The antibody solution was stored in aliquots (50μl) 

at -20˚C until it was used for western blotting, IHC, ICC, IF, or co-

immunoprecipitation.  

All aqueous solutions were prepared using twice-distilled water. This was 

autoclaved for RNA analysis and restriction enzyme assays. Phosphate buffered 

saline (PBS) was 0.04M NaH2PO4-Na2HPO4 buffer, pH 7.4, containing 0.04M 

NaCl.   

Prior to cell culture, breast cells were starved overnight in serum-free 

medium (RPMI-1640 without Phenol red (Cambrex, Baltimore, MD) or MCF-10A 

in MEBM without phenol red (Lonza, Baltimore, MD)). Solution of recombinant 

human IGF-1, (100ng/mL), EGF (100ng/mL), TGFβ1 (10ng/mL), and TGFβ2 

(10ng/mL) were prepared and stored at -80˚C.    
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Table 1: Materials used in Experimental Procedures 
 

Product Name Product # Company City,State    

Mammalian Protein Extraction Reagent  78503 Pierce Rockford, IL 
Nuclear and Cytoplasmic Extraction 
Reagents  78833 Pierce   
Restore Western Blot Stripping Buffer 21059 Pierce   
Supersignal West Dura Extended Duration 
Substrates 34076 Pierce   
      

Epidermal Growth Factor (EGF) 100-15 Peprotech, Inc 
Rocky Hill, 

NJ 
Insulin-like Growth Factor-1 (IGF1)  100-11 Peprotech, Inc   
Transforming Growth Factor beta1 (TGFb1) 100-21 Peprotech, Inc   
Transforming Growth Factor beta2 (TGFb2) 100-35B Peprotech, Inc   
      
Bovine Serum Albumin A7906 Sigma St. Louis, MO
Ammonium persulfate A3678 Sigma   
30% bis-acrylamide A0924 Sigma   
Beta-mercaptoethanol M7522 Sigma   
Tween-20 P2287 Sigma   
Protease Cocktail Inhibitor Solution P1860 Sigma   
Hydrogen Peroxide  H1009 Sigma   
Triton X-100 T8787 Sigma   
Glycerol G5516 Sigma   
Trizol Reagent T9424 Sigma   
Bromochlorophenol B26005 Sigma   
Isopropanol 59304 Sigma   
Trizma Base 1503 Sigma   
Sodium Chloride S9888 Sigma   
Ribonuclease A R5000 Sigma   
Nonidet p-40 3516 Sigma   
SOC Medium S1707 Sigma   
LB Broth  L3022 Sigma   
LB Agar L2897 Sigma   
      

DAPI D3571 
Molecular 

Probes Carlsbad, CA 
      

Cholera Toxin 227305 Calbiochem 
San Diego, 

CA 
      
PCR Master Mix M7505 Promega Madison, WI 
Temed V3161 Promega   
      
RNase/DNase Free Water 10977-015 Gibco Carlsbad, CA 
      
Plasmid Mini-Prep Kit 27104 Qiagen Inc Valencia, CA 
Midi-Plasmid Isolation Kit  12143 Qiagen Inc   
      
DH5a E.coli competent cells 18264-017 Invitrogen Carlsbad, CA 
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Product Name Product # Company City,State    

      
Lipofectamine 2000 Transfection 
Reagent 11668-109 Invitrogen  
Opti-MEM I Reduced Serum Medium  31985-062 Invitrogen Carlsbad, CA 
Acetone A16-4 Fisher Scientific Pittsburgh, PA 
Ethanol A406-4 Fisher Scientific   
Methanol A454-4 Fisher Scientific   
Permount SP15-100 Fisher Scientific   
      
Bio-Rad Protein Assay 500-001 Bio-Rad Hercules, CA 
Immuno-blot PVDF membrane 162-0177 Bio-Rad   
Laemmli loading buffer 161-0737 Bio-Rad   
Precision plus protein dual color 
ladder 161-0374 Bio-Rad   
      
Hematoxylin S3309 DAKO Carpenteria, CA 
Target Retrieval Solution  S1699 DAKO   
Washing Buffer S3006 DAKO   
      
Normal Goat Serum  005-000-121 Jackson Immuno West Grove, PA 
Normal Mouse Serum  001-000-121 Jackson Immuno   
Goat Anti-Rabbit Secondary 
Antibody 111-225-144  Jackson Immuno   
Goat Anti-Mouse Secondary 
Antibody 115-225-146  Jackson Immuno   
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2.2 Methods  
 
 
2.2.1 Human breast tissue biopsy samples 
 

Fresh breast biopsy samples from patients were obtained from Creighton 

University Medical Center (CUMC), Omaha, NE, USA (IRB #0513792). Patient 

identifiers were coded to protect confidentiality. The fresh tissue was flash-frozen 

on dry ice and then cut into two sections for RNA and protein analysis. 

Paraffinized blocks of breast biopsy patients and their subsequent 

surgically removed tissue and other breast, kidney, colon, 

mesothelioma, and lymphoma tissues were provided by the 

Department of Pathology at CUMC. The accompanying pathology 

reports indicated the stage of carcinoma in patients according to 

AJCC classifications.   

 

2.2.2 Cell Lines 

 The adenocarcinoma breast cancer cell lines, MCF-7 (#HTB-22) and 

MDA-MB-231 (#HTB-26), were purchased from ATCC (Manassas, VA) and 

maintained in Dulbecco’s Modified Eagle’s Medium (DMEM) with 5% (v/v) FBS 

and 1% (w/v) penicillin and streptomycin. The ductal carcinoma breast cancer 

cell lines, T-47D (#HTB-133, ATCC) and ZR-75-1 (#CRL-1500, ATCC) were 

maintained in RPMI-1640 (Cambrex) with 5% FBS and 1% penicillin and 

streptomycin. The immortalized normal breast cell line, MCF-10A (CRL-10317, 

ATCC) was maintained in Mammary Epithelial Cell Growth Medium (MEBM; 

#CC3150; Lonza) containing 0.5mL Insulin, 0.5mL hEGF, 2mL BPE, 0.5mL 
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hydrocortisone from the Bullet Kit (Lonza), 100 mg/mL cholera toxin (#227035, 

Calbiochem, San Diego, CA), 10% FBS and 1% penicillin and streptomycin. The 

normal human lung fibroblast cell line, MRC-9 (#CCl-212, ATCC) was 

maintained in Eagle’s Minimum Essential Medium (30-2003, ATCC) with 10% 

FBS and 1% penicillin and streptomycin. All cell lines were maintained at 37˚C in 

a humidified atmosphere containing 5% CO2.  

 

2.2.3 Cell Lysis 

 Cultured cells were trypsinized and centrifuged at 200 x g for five minutes. 

The supernatant was discarded and the cell pellet was homogenized in 25-50μl of 

a solution containing Mammalian protein extraction reagent (MPER) with 2.5-

5μl protease cocktail inhibitor solution. The mixture was incubated on ice for ten 

minutes, and the solution was centrifuged at 600 x g for ten minutes. The 

supernatant was placed into a new microcentrifuge tube, quantified, and stored 

at -80˚C.   

  

2.2.4 Isolation of Cytoplasmic and Nuclear Proteins 

 NE-PER Nuclear and Cytoplasmic Extraction Reagents were purchased 

from Pierce (#78833). After treatments, cultured cells were harvested and the 

supplier’s protocol was followed for isolation of nuclear and cytoplasmic protein. 

All protein samples were stored at -80˚C.   

 

 

 

 30



2.2.5 Protein quantification  

 The protein concentration of harvested cell lysates from the breast biopsy 

tissues and cultured breast cells was measured using the Bio-Rad Protein Assay. 

The assay was performed in a 96-well microplate according to the supplier’s 

instructions. The concentrations of the bovine serum albumin solutions that were 

used as standards for the assay were as follows: 0.05, 0.125, 0.25, and 0.5mg/mL. 

The samples were mixed thoroughly for three seconds in the microplate mixer 

and the absorbance was measured at 595nm using a Bio-Rad microplate reader.   

 

2.2.6 Western blotting  

 All wash buffers and diluents in this method were PBS with 0.05% 

Tween20. Protein lysates (25μg-100μg) were loaded onto the 10-15% 

polyacrylamide gels containing 0.1% SDS (SDS-PAGE). Protein solutions were 

diluted (1:1 v/v) with Laemmli loading buffer with 10% β-mercaptoethanol and 

heated at 95˚C for five minutes before application to the SDS-PAGE gels. A 

solution containing reference proteins (Precision plus protein dual color) was 

similarly applied. Electrophoresis was performed at 100V for 1 hour in 25mM 

Tris buffer containing, 192mM glycine and 0.1% (w/v) SDS pH8.3. The protein 

was transferred from the gels onto an Immuno-blot PVDF membrane and 

sandwiched between filter papers. The protein transfer was performed at 400mA 

for one hour in cold 25mM Tris buffer containing 192mM glycine pH8.3, 

methanol (20% v/v), and water (70% v/v). The membranes were incubated 

overnight in blocking solution [100mL PBS, 5% (w/v) nonfat dried milk, and 

0.05% Tween-20] to minimize non-specific protein binding.  
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The membranes were incubated for one hour at room temperature in a 

solution of primary antibody and PBS containing 0.05% Tween-20. The following 

antibodies were used: polyclonal LRF (1:500, Pacific Immunology); polyclonal 

Pokemon (1:500, #ab36606, Abcam); polyclonal Pokemon (1:500, #100-761, 

Novus Biologicals, Littleton, CO); polyclonal LRF 13E9 (1:100, sc33683, Santa 

Cruz Biotechnology, Santa Cruz, CA); monoclonal GAPDH (1:2000; NB-1300, 

Novus Biologicals); polyclonal NFκB-p65 (1:500, ab7970, Abcam); polyclonal 

NFκB-p50 (1:500, ab7971, Abcam). Polyclonal IGF-1Rβ (1:100, sc-713), 

polyclonal IGF-1Rα (1:100, sc-712), monoclonal PCNA (1:1000, sc-25280), 

polyclonal cyclin A (1:100, sc-751), monoclonal cyclin B1 (1:100, sc-245), 

monoclonal cyclin D1 (1:100, sc-8396), polyclonal cyclin E (1:100, sc-198), 

monoclonal p21 (1:100, sc-6246), monoclonal Smad 4 (1:100; sc-73599), 

polyclonal TGFβ1 (1:100, sc-146), polyclonal TGFβRI (1:100, sc-9048), and 

polyclonal TGFβRII (1:100, sc-400) were purchased from Santa Cruz 

Biotechnology Inc. (Santa Cruz, CA). For all experiments, GAPDH was used as an 

internal control.        

  The membranes were washed for five minutes three times and incubated 

in HRP-conjugated secondary antibody solutions [1:1000, anti-rabbit (NB-730H) 

or anti-mouse (NB-720H), Novus Biologicals] for one hour at 20-22˚C with 

gentle rocking. The membranes were washed for five minutes three times and the 

antibody-binding was detected using the SuperSignal West Dura Extended 

Duration Substrates and recorded in the UVP Bioimaging System.  
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The membranes were subjected to the Restore Western Blot Stripping 

Buffer for 15 minutes and washed for five minutes four times. After overnight 

incubation in blocking buffer, primary and secondary antibodies were applied to 

the membranes. The membranes were used three times before being discarded. 

Each experiment was performed three times.  

 

2.2.7 Immunohistochemistry (IHC)  

 Paraffin blocks of breast biopsy tissues and of other breast, kidney, colon, 

mesothelioma, and lymphoma tissues were provided by the Pathology 

Department at Creighton University Medical Center (CUMC). An array 

(#MNT421, Pantomics Inc, San Francisco, CA) of multi-normal and tumor tissue 

sections, consisting of 7 common tumor tissues and corresponding normal tissue 

of brain, breast, colon, liver, lung, prostate, and tonsil on one slide was 

purchased. A breast disease tissue section array (#BRD181, Pantomics Inc) 

consisting of 18 tissues including, normal breast tissue (2), hyperplasia (2), 

fibroadenoma (5), invasive ductal carcinoma (4), invasive lobular carcinoma (4), 

and Paget’s disease (1) on one slide was purchased. A third array (#UNC241, 

Pantomics Inc) consisting of tonsil, colon, thyroid, thymoma, uterus, placenta, 

and melanoma tissues in duplicates on one slide was also purchased.   

Expression of LRF was analyzed using the three arrays with the LRF 

antibody (Pacific Immunology) at dilutions of 1:800 for the brain, tonsil, liver, 

uterus, placenta, thymus, thymoma, melanoma, and 1:3,000 for lung, breast, 

colon, and breast disease tissue array. Expression of TGFβRI (Santa Cruz) and 

TGFβRII (Santa Cruz) were analyzed in breast and renal cancer tissues at 
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dilutions of 1:100. Optimal dilutions were obtained by detecting presence of LRF 

in cancer tissue and absence of LRF in its corresponding tissue. Absence of 

staining (negative control) was demonstrated in control experiments using pre-

immunization sera from rabbits immunized with LRF and also when primary 

antibody was omitted. Hematoxylin and eosin (H&E) staining of sections was 

used to confirm the clinicopathological status of tissues.  

Paraffin sections (4-6 μM) were cut from the tissue-embedded blocks, 

placed onto a warm (37°C) water bath and placed onto Superfrost plus slides 

(#631-0108, VWR International, Lutterworth, Leicestershire, UK). The sections 

were deparaffinized and hydrated in xylene and solution of ethanol gradients 

[100, 95, 80, and 70 (v/v)]. For immunostaining, antigen was exposed using 

Target Retrieval Solution by boiling the sections in a steam cooker for 30 

minutes. Sections were cooled to room temperature for 15 minutes and washed 

for five minutes three times. Endogenous peroxidase was blocked by incubating 

the sections in 3% hydrogen peroxide in methanol for 15 minutes. The sections 

were then washed for five minutes three times. Blocking of non-specific binding 

sites, incubation with primary antibody (1hr), secondary antibodies, and avidin-

biotin complex (ABC) was according to the supplier’s instruction from the 

Vectastain ABC elite kit, (PK-6101, Vector Laboratories, Burlingame, CA).  

Sections were stained with 3,3'-Diaminobenzidine (DAB; SK-4100, Vector 

Laboratories) and counterstained using hematoxylin for five seconds, dehydrated 

in solutions of ethanol gradients [70, 80, 95, and 100 (v/v)] and immersed in 

xylene. Sections were mounted using Permount and were photographed by an 

Olympus DP71 camera at 200x or 400x magnification.     
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 2.2.8 Immunocytochemistry (ICC)   

Cultured breast cells were trypsinized and centrifuged at 100 x g for ten 

minutes. The supernatant was discarded and the cell pellet was suspended in 2-

4mL of PBS. The suspension was centrifuged using the Shandon Cytospin 4 

(Thermo Electron Corporation, Waltham, MA) at 800 rpm for ten minutes onto 

glass slides and air-dried for 10-15 minutes at 20-22˚C. The breast cells were 

fixed onto slides by immersion in cold acetone for 10 minutes. After fixation, cells 

were washed in PBS for five minutes three times. Endogenous peroxidase was 

blocked by immersing the sections in 0.3% hydrogen peroxide in methanol for 15 

minutes and visualization was as described in Method 2.7. Immunostained 

sections were photographed by an Olympus DP71 camera at 200x or 400x 

magnification. Each experiment was performed twice in duplicate.     

 

2.2.9 Immunofluorescence (IF) 

 The washing solution for this method is PBS containing 0.1% BSA. The 

blocking/permeabilizing solution consisted of 10mL PBS, 0.25% Triton X-100, 

100mg BSA, and 500μl normal goat serum or 500μl normal mouse serum. 

Primary and secondary antibodies were dissolved in PBS (10mL) containing 0.1% 

Triton X-100, BSA (100mg), and goat serum (100μl) or mouse serum (100μl). 

The mounting medium consisted of PBS (5mL), glycerol (5mL), n-propyl gallate 

(0.1g), and 1.5mg/mL DAPI.   

Breast cells were seeded onto sterile 10 mm x 10 mm coverslips in 6-well 

plates, and then allowed to grow and attach for 24 hours. Cell monolayers were 

washed with serum-free medium and treated with the cytokines and growth 
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factors (TNF-α, EGF, IGF-1, TGFβ1, and TGFβ2) as described below. Cells were 

fixed onto the coverslips by submersion in paraformaldehyde for 15 minutes. The 

cells were washed for five minutes three times and incubated in blocking solution 

for two hours. The cells were incubated in primary antibody solution for one hour 

at 20-22˚C. The cells were washed for five minutes twice and incubated in either 

goat anti-rabbit or goat anti-mouse secondary antibody solution (1:100, Jackson 

Immunoresearch Laboratories) for one hour in the dark at 20-22˚C. The cells 

were washed for five minutes twice and the coverslips were carefully removed 

from the culture plates and dipped into water for 2-3 seconds and mounted onto 

slides. To prevent the escape of the mounting medium from the coverslips, a 

single layer of Sally Hansen “Hard as Nails” nail polish was placed around the 

edges. The slides were kept in the dark at 4˚C until pictures were taken using the 

Olympus DP71 camera. Each experiment was performed twice in triplicate.   

 

2.2.10   Immunprecipitation (IP)  

 Instructions provided with the Seize Primary Immunoprecipitation Kit 

(#45335, Pierce) were followed for immunoprecipitation. The “purified antibody” 

(100μg) to LRF (Pacific Immunology) or NF-kBp65 followed by “Reducing 

Agent” (1μl) were added to the “gel slurry” and incubated for four hours at 4˚C. 

Lysate (100μg) protein of MCF-7 cells with LRF either or not, was added to the 

slurry which was further incubated at 4˚C for one hour. Antigen was eluted with 

“Elution buffer” (100 μl) and the solution was stored at -80˚C.      
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2.2.11 RNA Isolation 

 The flash-frozen breast biopsy tissues and cultured/treated breast cells 

were homogenized in 1 mL of Trizol Reagent and the supplier’s instructions were 

followed for the remainder of the RNA isolation. The RNA pellet was air-dried for 

2-3 minutes and dissolved in 15-30μl water.    

  

2.2.12 RNA Quantification 

 RNA samples (2μl) were diluted in water (98μL) and the concentration 

was quantified using the GeneQuant 1300 spectrophotometer (GE Healthcare 

Bio-Sciences Corp., Piscataway, New Jersey).  

 

2.2.13 Semi-quantitative conventional Reverse Transcriptase 

      Polymerase Chain Reaction (RT-PCR) 

 The ImProm-II Reverse Transcription System was purchased from 

Promega (#A3800) and the supplier’s instructions were followed with 

modifications.  Nuclease-free water (5.3μL) and MgCl2 (3.2μL) were used for the 

reverse-transcription reaction mixture which was placed on the heat block at 

25˚C for 5 minutes, 42˚C for 60 minutes, 70˚C for 15 minutes, and then 4˚C for 5 

minutes.  

Each PCR reaction mixture contained PCR Master Mix (25μL), cDNA 

(2μl), forward primer (5μL; 1μM), reverse primer (5μL; 1μM), and RNase/DNase 

Free Water (13μL). The PCR reaction mixtures were placed in the PCR machine 

heat block and the cDNA was initially denatured at 95˚C for 15 minutes. PCR 
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amplification was performed by denaturation for 60 seconds at 94˚C, annealing 

for 60 seconds at 53˚C, primer extension for 60 seconds at 72˚C, and a final 

extension for 10 minutes at 72˚C. The samples were amplified for an optimized 

number of cycles and annealing temperatures (Table 2). For all experiments, 

18S was used as an internal control.       

The PCR product was loaded onto a 1.5% agarose gel. After 

electrophoresis, the gels were photographed under UV light using the UVP 

Bioimaging System (Upland, CA). Each experiment was performed three times.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2: Primers used in RT-PCR Reactions 

Oligonucleotide Accession Number Sequence (5' to 3')   Size (bp) Tm (Celsius) Cycles (#)
LRF F NM_05898 GTC GCA GAA GGT GGA GAA GAA GAT 365 53 32 
LRF R  AGC CGT CTT TCT TGA GGT GTC TGT  53 32 
18S F NR_003286.1 TTGCCATCACTGCCATTAAGGGTG 247 60 30 
18S R  TCTTCACGGAGCTTGTTGTCCAGA  60 30 

CDKN1A / p21 F NM_000389 AGGTTCCTAAGAGTGCTGGGCATT 734 60.1 33 
CDKN1A / p21 R  TAGGGTGCCCTTCTTCTTGTGTGT  59.9 33 
CDKN1B / p27 F NM_000546 TCAGAAGCACCCAGGACTTCCATT 447 60.0 33 
CDKN1b / p27 R  AGAAACTACCAACCCACCGACCAA  60.1 33 

Tp53 F NM_004064 ACTTGGAGAAGCACTGCAGAGACA 466 60.0 33 
Tp53 R  TACGTTTGACGTCTTCTGAGGCCA  59.8 33 

Cyclin A1 F NM_003914 TGACAGTACCAACCACCAACCAGT 261 60.0 28 
Cyclin A1 R  GCTCACTCAGGCAAGGCACAATTT  60.1 28 
Cyclin A2 F NM_001237 ATGAGCATGTCACCGTTCCTCCTT 551 60.1 28 
Cyclin A2 R  TTGACTGTTGTGCATGCTGTGGTG  60.1 28 
Cyclin B1 F NM_031966 AGGAAGAGCAAGCAGTCAGACCAA 386 60.0 28 
Cyclin B1 R  AGATGCTCTCCGAAGGAAGTGCAA  60.1 28 
Cyclin D1 F NM_053056 CCTTTGGTGCCAACTGGTGTTTGA 390 60.0 32 
Cyclin D1 R  TCAGATGACTCTGGGAAACGCCAA  60.0 32 
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2.2.14 BrDU proliferation ELISA Assay  

 The Cell Proliferation ELISA BrDU (colorimetric) kit was purchased from 

Roche Applied Science (#11 647 229 001, Indianapolis, IN). MCF-7, MDA-MB-

231, T-47D, and ZR-75-1 breast cancer and MCF-10A normal breast cells (1x104 

cells/well) were seeded into 96-well culture plates and allowed to adhere 

overnight. Growth arrest was achieved by washing the cells with PBS and 

culturing the cells in serum-free culture medium. Cells were treated with growth 

factors, IGF-1, TGF-β1, TGF-β2, and EGF at various concentrations and for 

various time periods as indicated below. The supplier’s instructions were 

followed for the remainder of the proliferation assay. Cells were incubated with 

BrDU solution for two hours at 37˚C.  To cease the substrate reaction, 25μl of 1M 

H2SO4 was added to each well. The absorbance of each sample was measured in 

the BioRad Plate Reader at 450nm. Each experiment was performed in triplicates 

four times.  

 

2.2.15 Cell Cycle Analysis 

 Vindelov’s Reagent was comprised of tris buffered saline at pH=7.6 

(100mL), ribonuclease A (1mg), propidium iodide (7.5 mg), and nonidet p-40 

(100μL). One million cultured and/or treated cells were trypsinized and collected 

by centrifugation at 250 x g for 5 minutes in 12x75 mm propylene tubes. The 

supernatant was discarded and the cell pellet was resuspended in Vindelov’s 

Reagent (1mL). The mixture was incubated at 4˚C overnight and analyzed by flow 
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cytometry at a low flow rate (150 cells/second). Each experiment was performed 

three times.  

 

2.2.16 Transforming competent cells 

 Aliquots (50μl) of DH5α E.coli competent cell suspension were stored at  

-80˚C. For transformation, competent cells (50μl) were thawed on ice and the 

ZBTB7A/LRF DNA plasmid (10ng; #SC114581, Origene, Rockville, MD) or the 

empty cloning vector (10ng; #PCMV6XL6, Origene) was mixed gently with the 

cells. The remainder of the transformation was performed according to supplier’s 

instructions. The transformed cells were spread onto a LB agar plate containing 

100μg/ml ampicillin using a glass pipette. The plate was incubated at 37˚C 

overnight. The remaining cell suspension was stored at 4˚C.      

 

2.2.17 LRF Plasmid Isolation from transformed DH5α  E.coli cells  

 Two transformed colonies with cloned DNA from the LB agar plate were 

dissolved in LB broth (5mL) containing ampicillin (50ng/mL). Each suspension 

was shaken at 100 x g for 6-8 hours at 37˚C.  Samples (1mL) from each 

suspension were stored at -80˚C. The remaining suspension (4mL) was 

centrifuged at 500 x g for 15 minutes at 4˚C. The LRF plasmid DNA was isolated 

using the supplier’s instructions provided with the Qiagen Plasmid Mini-Prep kit. 

Water (20-30μl) was used to elute the plasmid DNA solution.   

 The presence of the LRF insert in the isolated plasmid DNA was verified 

(Method 2.19) and the bacterial cell suspension (1mL) stored at -80˚C was 
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thawed on ice and resuspended in LB broth (200mL) containing 50ng/mL 

ampicillin. The mixture was shaken at 100 x g at 37˚C for 16-18 hours and 

centrifuged at 500 x g for 15 minutes at 4˚C in 50mL tubes. The LRF plasmid 

DNA was isolated using the supplier’s instructions provided with the Qiagen 

Midi-Plasmid Isolation Kit. The DNA pellet was air-dried for five minutes and 

dissolved in TE Buffer (30-40μl) at pH 8.0.   

 

2.2.18 Verification of LRF insert in the isolated plasmid DNA  

 To verify that the LRF plasmid DNA was transfection-ready, a double 

restriction enzyme digestion was performed. A mixture of solution (20μl) 

containing {DNA [1μg], ECOR1 restriction enzyme (1ml, #M0211S, New England 

Biolabs, Ipswich, MA), enzyme buffer [2μl, #B0211S, New England Biolabs], and 

water [7-10μl]} was incubated in a 37˚C water bath for one hour. To verify the 

size of the LRF insert in the vector, the mixture (20μl) was loaded onto a 0.8% 

agarose gel. After electrophoresis, the DNA was isolated from the gel using the 

supplier’s instructions provided in the Wizard SV Gel and PCR Clean-Up System 

(A9281, Promega). Nuclease-free water (17μl) was used elute the DNA.    

 For digestion by the restriction enzyme, Xba1 (#R0145S, New England 

Biolabs), the mixture was incubated in a 37˚C water bath for one hour. To verify 

the size of the LRF insert, the mixture (20μl) was loaded onto a 0.8% agarose gel.   
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2.2.19 Transient transfection of breast cancer cells with LRF vector 

by Amaxa Nucleofection  

 The Cell Line Nucleofector Kit V was purchased from Amaxa Inc (#VCA-

1003, Gaithersburg, MD). Breast cells were passaged 2-3 days before 

transfection. At 70-80% confluence, cells were trypsinized and counted. Each 

transient transfection reaction mixture (120-150μl) contained 1x106 cells, LRF 

plasmid DNA (2μg) or empty vector (2μg), and Nucleofector solution V (100μl). 

The Amaxa- certified cuvette containing the transfection reaction mixture was 

placed in the Nucleofector machine (Amaxa Inc) and the appropriate program 

was chosen. Pre-warmed culture medium (500μl) was added to the cuvette and 

the cell suspension was transferred into one well of the 6-well plate containing 

culture medium (1mL) and incubated for 24 hours at 37˚C to achieve optimal 

transfection efficiency. Cells were trypsinized and collected by centrifugation at 

250 x g for five minutes.     

 

2.2.20 Transient transfection of breast cancer cells with LRF vector 

by Lipofectamine 2000 

 Lipofectamine 2000 transfection reagent and Opti-MEM I Reduced Serum 

Medium were purchased from Invitrogen. Cultured breast cells were grown in 

serum-free medium for 24 hours before transfection. For each transfection 

sample, LRF plasmid DNA (4μg) or empty vector (4μg), was mixed with Opti-

MEM I Reduced Serum Medium (250μl) in one microcentrifuge tube and 

Lipofectamine 2000 (10μl) was mixed with Opti-MEM I Reduced Serum Medium 
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(250μl) in another microcentrifuge tube. After incubating at room temperature 

for five minutes, the two mixtures were combined and incubated again for 20 

minutes at room temperature. The mixture was added drop-wise into a six-well 

plate containing pre-warmed culture medium (1mL), gently agitated, and 

incubated at 37˚C for 24 hours to reach optimal transfection efficiency. Cells 

were trypsinized and collected by centrifugation at 250 x g for five minutes.     

 

2.2.21 Statistical analysis 

  Values of all measurements were expressed as the mean + SE. Regression 

analysis and single factor ANOVA was used as the statistical method to compare 

different treatment groups. Microsoft Excel program and Graph pad prism 

software were used to draw graphs and for statistical analysis. Value of p < 0.05 

was statistically significant. Statistical significance (p<0.05) was determined by 

one-way ANOVA analysis using GraphPad Prism biochemical statistical package 

(GraphPad Software, Inc., San Diego, CA, USA).  

 Staining for IHC was scored by pathologist, William J. Hunter, III, M.D., 

in a blinded manner, as follows: 0+, undetectable, 1+, weakly positive, 2+, 

moderately positive, and 3+, strongly positive.   
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Chapter 3 
 

RESULTS 
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3.1 Expression of LRF and its mRNA in human breast biopsy tissues.  
 

Expression of LRF mRNA transcripts and protein was observed in 20 

benign and malignant breast biopsy tissues (Figure 5A, B). The 

clinicopathologic characteristics of the patients along with AJCC classification of 

the tumor stage were taken from the pathology reports and are presented in 

Table 3. Of the 20 samples, all 9 malignant breast tissues expressed LRF mRNA 

transcripts. Densitometric analysis revealed significantly higher expression of 

LRF mRNA transcripts (p<0.05) and LRF protein (p<0.01) in malignant breast 

tissues than in the normal/benign breast tissues (Figure 5C). 

Immunohistochemical analysis validated the nuclear expression of LRF in 

the breast tissues (Figures 6). Biopsy samples #1, 7, 10, 11 were characterized as 

invasive ductal carcinoma and they strongly expressed LRF (score: 3+; Figure 

6). Biopsy samples #1 and 10 were from patients with DCIS in addition to 

invasive ductal carcinoma. Staining for LRF in the surrounding stroma, which 

was infiltrated with inflammatory cells, was weakly positive and negative in the 

necrotic area within the ducts (Figure 6). Nuclear expression of LRF was clearly 

evident in malignant breast tissues and surrounding fibroblasts, lymphocytes, 

and stromal cells also expressed LRF, but not as vividly as the tumor (Figure 6). 

Staining for LRF with similar intensity was observed in the normal adjacent and 

malignant components of a core-needle breast biopsy sample (Figure 7A).  This 

expression was confirmed by Immunofluorescence (Figure 7B) and by the 

overlay with the DAPI nuclear stain (Figure 7C).   
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Figure 5: Expression of LRF and its mRNA transcripts in human  
 
malignant and benign breast biopsy tissues.  
 
A) RT-PCR, B) Western blotting, and C) Densitometric analysis on LRF 

expression as described in the text.   
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Table 3: Clinicopathologic characteristics of 20 breast biopsy tissues. 

Status of Estrogen receptor/Progesterone receptor (ER/PR), the proliferative 

marker (Ki-67), and presence and stage of cancer (I-IV) were stated in the 

pathological reports of patients (1-20).  
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Figure 6: Expression of LRF in human breast biopsy tissues.  
 
DAB was used as chromogen and hematoxylin as a counterstain (200x).   
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A)  

 
B) 

 
 

 
 
Figure 7: LRF expression in malignant and adjacent normal tissues of 
a patient with breast cancer. 
 
A) DAB was used as the chromogen to locate LRF and hematoxylin as a 

counterstain. B) DAPI (blue) was used to stain nuclei (400x). 
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3.2 LRF expression in human breast cancer, normal breast and  
 
benign breast disease tissues.   
 

Little to no expression was observed in normal breast tissues (score: 0+) 

while tissues of fibroadenoma consistently and strongly expressed LRF within the 

tissue fibers (score: 3+; Figure 8A, B). The intracanalicular fibroadenoma 

showed elongation, distortion, and thinning of the epithelial elements of the 

tissue where LRF expression was strongest (Figure 8B). LRF was weakly stained 

in ductal hyperplasia (score: 1+; Figure 8C).  Strong nuclear expression of LRF 

was observed in invasive ductal carcinoma and invasive lobular carcinoma (score: 

3+; Figures 8D, 8E). The breast tissue from a patient with Paget’s disease also 

expressed LRF within the invasive ductal carcinoma and DCIS components 

(score: 2+; Figure 8F). In general, little-to-no expression was observed in the 

adipocytes, inflammatory cells, and other stromal cells of the breast tissues and 

expression of LRF was confined to the tumor. LRF Immunofluorescence was also 

shown in breast tissues and results were similar to those obtained by 

immunohistochemistry (Figure 9).  The pathology scores for expression of LRF 

in the tissues of various breast diseases are presented in Table 4.  
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Figure 8: Expression of LRF in various breast diseases.   
 
DAB was used as chromogen and hematoxylin as a counterstain. Representative 

tissues from each disease are shown (200-400x).     

 

 
Table 4: Scores of LRF from Figure 8.  
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Figure 9: Immunofluorescence of LRF expression in breast diseases.   
  
DAPI (blue) was used as a nuclear counterstain (200-400x).  
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3.3 LRF expression in various human tumors and their 

corresponding normal tissues. 

The clinicopathologic characteristics of the patients along with AJCC 

classification of the tumor stage were taken from the pathology reports and are 

presented in Table 5. The multi-normal and tumor tissue section array 

consisting of 24 tissues needed to be analyzed several times due to varying 

optimal dilutions (as listed in the Methods) of the anti-LRF antibody for different 

tumors. Cerebral cortex was present in the array (data not shown) and did not 

show any expression of LRF. Tonsil tissue showed an increased expression of 

LRF in the germinal centers of the lymphatic tissue (data not shown). Normal 

colon showed weak expression of LRF while colon cancer strongly expressed LRF 

in the epithelia (score: 3+; Figure 10A).  Expression of LRF was observed in all 

tubules of the normal kidney as well as in renal cell carcinoma (score: 2+; Figure 

10B).  

In the two cases of diffuse malignant mesothelioma, LRF was strongly 

expressed in the epithelial cells (score: 2+; Figure 10C). LRF expression was 

slightly increased in lung carcinoma tissue (scores 1+ and 2+; Figure 10D). 

Normal liver tissue did not express LRF and hepatocellular carcinoma was 

stained weakly positive for LRF (scores: 0 and 1+; Figure 10E). Normal thyroid 

and thymoma tissues were stained for LRF (scores: 3+ and 3+; Figure 10F). 

Surprisingly, normal prostate tissue was stained strongly for LRF, whereas 

prostate carcinoma tissue had little-to-no expression (data not shown). However, 

subsequent analysis with normal prostate, prostate cancer (PC), and benign 

hyperplasic prostate (BPH) tissues did not indicate a significant difference in LRF 
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expression (data not shown).  The pathology scores for the expression of LRF in 

various tissues are presented in Table 6. The expression of LRF in the tissue sets 

(tumor and corresponding normal) was further examined and confirmed by 

Immunofluorescence (Figure 11).  
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Table 5: Clinicopathologic characteristics of 13 carcinoma tissues.  

Status of Estrogen receptor/Progesterone receptor (ER/PR), the proliferative 

marker (Ki-67), and presence and stage of cancer (I-IV) were stated in the 

pathological reports of patients (1-20). 
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Figure 10: LRF expression in various carcinomas and corresponding 

normal tissues. DAB was used as chromogen and hematoxylin as a 

counterstain.  Representative samples from the array are shown. (200x) 

 
 
Table 6: Scores of LRF from Figure 10.   

 57



 
 
Figure 11: Immunofluorescence of LRF expression in various  

carcinomas and corresponding normal tissues.  

DAPI was used as a nuclear counterstain. Representative samples from the array 

are shown (200x).   
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3.4 LRF expression in human lung fibroblast cells  
 
 LRF is expressed in the normal human lung fibroblast cell line, MRC-9 

(Figures 12, 13).  

 
 
3.5 LRF expression in human breast cell lines.  
 
 All five cell lines expressed LRF.  T-47D expressed significantly less LRF 

mRNA transcripts (p <0.05) and more LRF protein (p <0.01) than the other 

breast cell lines (Figure 14). Immunocytochemistry and Immunofluorescence 

analyses were performed to confirm the expression of LRF in breast cells. LRF 

expression was predominantly confined to the nucleus of the breast cells. LRF 

expression in MCF-10A normal breast cells was lower than the breast cancer cells 

(Figures 15, 16). In MCF-7, MDA-MB-231, T-47D, and ZR-75-1 cells, LRF 

expression was higher in the nucleus than in the cytoplasm (p<0.05) (Figure 

17). 
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Figure 12: LRF expression in MRC-9 lung fibroblast cells.  
 
DAB was used as a chromogen and hematoxylin as a counterstain. Hematoxylin 

and eosin (H&E) was used to observe the morphology of the cells (200x).    

 
 
 
 

 
 
Figure 13: LRF and its mRNA transcripts in MRC-9 lung fibroblast 

cells.  

RT-PCR and western blotting analyses were performed to observe expression of 

LRF. 
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Figure 14: LRF and its mRNA transcripts in breast cells. 
 
A) RT-PCR and B) western blotting with densitometric analysis were performed  
 
according to the text.  
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Figure 15: Immunostaining of LRF expression in breast cells.  
 

DAB was used as a chromogen and hematoxylin and eosin were used to assess the 

cell morphology. Negative control was established by omitting the primary 

antibody (400x).   
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Figure 16: Immunofluorescence of LRF expression in breast cells.  
 
DAPI was used as a nuclear counterstain (400x).     
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Figure 17: LRF expression in the nuclear and cytoplasmic extracts of 

breast cancer cells.   

Western blotting and densitometric analysis were performed according to the 

text to detect expression of LRF (p< 0.05).  
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3.6 Effect of EGF on the expression of LRF in MCF-7 breast cancer 

cells.  

 No significant change in LRF expression was observed in MCF-7 cells and 

its mRNA transcripts after treatment for 24 hours with EGF as compared to the 

control (p>0.05) (Figure 18). This observations were confirmed by 

Immunofluorescence (R2 = 0.172; Figure 18C). A significant increase in LRF 

protein expression was seen in MDA-MB-231 cells (100ng/mL; Figure 19), but 

this result could not be confirmed by Immunofluorescence (R2 = 0.3898) 

(Figures 19C).    

 
3.7 Effect of IGF-1 on the expression of LRF in breast cancer cells. 
  

Expression of basal level IGF-1R (α and β subunits) and their mRNA  

transcripts were observed in breast cell lines (Figure 20). A significant change 

(p<0.05) in expression of LRF and its mRNA transcripts was observed in MCF-7 

and MDA-MB-231 breast cancer cells after treatment for 24 hours with IGF-1 as 

compared to the control (Figures 21, 22). These observations were confirmed 

by Immunofluorescence (R2 = 0.948 for MCF-7; Figure 21C and R2 = 0.8132 for 

MDA-MB-231; Figure 22C).  
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Figure 18: Effect of EGF on LRF expression in MCF-7 cells.  

A) RT-PCR and B) western blotting and densitometric analysis were performed 

according to the text. C) Immunofluorescence of LRF expression was quantified 

by Image J Analysis according to the text (200-400x). 
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Figure 19: Effect of EGF on LRF expression in MDA-MB-231 cells.  

A) RT-PCR and B) western blotting and densitometric analysis were performed 

as described in text. C) Immunofluorescence of LRF expression was quantified by 

Image J Analysis according to the text (200-400x). 
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Figure 20: Expression of IGF-1 receptors and its mRNA transcripts in 

breast cells.  

A) RT-PCR of whole IGF-1R and B) western blotting of IGF-1R subunits, α and β, 

and densitometric analyses were performed according to the text.  
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Figure 21: Effect of IGF-1 on LRF expression in MCF-7 cells.  

A) RT-PCR and B) western blotting and densitometric analysis were performed 

as described in text. C) Immunofluorescence of LRF expression was quantified 

using Image J Analysis according to the text (200-400x). 
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Figure 22: Effect of IGF-1 on LRF expression in MDA-MB-231 cells.  

A) RT-PCR and B) western blotting and densitometric analysis were performed 

as described in text. C) Immunofluorescence of LRF expression was quantified 

using Image J Analysis according to the text (200-400x).   
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3.8 Effect of TNF-α on the expression of LRF in breast cancer cells.  

A significant change (p<0.05) in expression of LRF and its mRNA 

transcripts was observed in MCF-7 cells after treatment for 24 hours with TNF-α 

as compared to the control (Figure 23).   

 

3.9 Effect of TGF-β1 and TGF-β2 on the expression of LRF in breast 

cancer cells. 

 Renal cancer tissues expressed both TGFβ receptors, while breast cancer 

tissues expressed TGFβRII, but lacked TGFβRI (Figure 24). A significant 

change (p<0.05) in expression of LRF and its mRNA transcripts was observed in 

MCF-7 (Figures 25, 26) and MDA-MB-231 (Figure 27) breast cancer cells 

after treatment for 24 hours with TGF-β1 (10ng/mL) as compared to the control. 

A significant increase in LRF was also seen by Immunofluorescence after 

treatments with TGF-β1 (R2 = 0.9242 for MCF-7; Figure 28A and R2 = 0.9416 

for MDA-MB-231; Figure 29A) and TGF-β2 (R2 = 0.9318 for MCF-7; Figure 

28B and R2 = 0.9154 for MDA-MB-231; Figure 29B). TGFβRII and Smad4 

were significantly upregulated after LRF overexpression (Figures 30,31).  
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Figure 23: Effect of TNF-α on LRF expression in MCF-7 cells.  

A) RT-PCR and B) western blotting and densitometric analysis were performed 

according to the text. 
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Figure 24: Expression of TGFβ receptors in human breast and renal 

carcinomas.  

DAB was used as a chromogen and hematoxylin and eosin were used to assess the 

cell morphology (400x).   
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Figure 25: Effect of TGF-β1 (dose) on LRF expression in MCF-7 cells.  

A) RT-PCR and B) western blotting and densitometric analysis were performed  

according to the text. 
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Figure 26: Effect of TGF-β1 (time) on LRF expression in MCF-7 cells.  

A) RT-PCR and B) western blotting and densitometric analysis were performed 

according to the text.  

 75



 
 
Figure 27: Effect of TGF-β1 on LRF expression in MDA-MB-231 cells.  

A) RT-PCR and B) western blotting and densitometric analysis were performed 

according to the text. 

 76



 
 

 
 
Figure 28: Effect of TGF-β1 and TGF-β2 on LRF Immunofluorescence 

in MCF-7 cells. 

Immunofluorescence of LRF expression was analyzed using Image J Analysis 

according to the text (200-400x).   
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Figure 29: Effect of TGF-β1 and TGF-β2 on LRF Immunofluorescence 

in MDA-MB-231 cells. 

Immunofluorescence of LRF expression was analyzed using Image J Analysis 

according to the text (200-400x).  

 78



 
 
Figure 30: Effect of LRF overexpression on TGFβRII expression. 
  
Western blotting was performed according to the text. 
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Figure 31: Effect of LRF overexpression on Smad-4 

Immunofluorescence in MCF-7 cells.  

DAPI was used as nuclear counterstain (400x).  

 80



3.10 Effect of EGF, IGF-1, TGF-β1 and TGF-β2 and LRF overexpression 

on the proliferation of MCF-7 cells. .  

 EGF (50ng/mL; R2 = 0.7819), IGF-1 (50ng/mL; R2 = 0.8994), TGF-β1 

(10ng/mL; R2 = 0.9078) and TGF-β2 (10ng/mL; R2 = 0.8116) induced 

proliferation of MCF-7 cells after treatment for 24 hours (Figure 32). PCNA was 

significantly increased after LRF overexpression in MCF-7, MDA-MB-231, T-47D 

and MCF-10A cells (Figure 33). 
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Figure 32: Effect of growth factors on the proliferation of MCF-7 cells.  

Cultured cells were treated with various growth factors and BrDU incorporation 

was measured according to the text.   
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Figure 33: Effect of LRF overexpression on PCNA expression.  

Western blotting was performed according to the text. 
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3.11 The effect of LRF overexpression on the activity of the p65 

subunit of NF-κB.  

Two methods were used to transient transfect a vector containing LRF into 

the breast cancer cells. Electroporation by Amaxa Nucleofection technologies 

produced higher transfection efficiencies than Lipofectamine 2000 in the cells 

and all overexpression studies were performed by electroporation. LRF 

overexpression was observed in MCF-7 and T-47D cells using western blotting 

and Immunofluorescence (Figures 34, 35). The p65 subunit of NF-κB is 

activated and translocated to the nucleus after LRF is overexpressed in MCF-7 

and T-47D cells (Figures 36, 37). The expression of the p50 subunit did not 

change nor did it translocate to the nucleus. Nuclear and cytoplasmic extracts 

from MCF-7 cells were immunoprecipitated with either the LRF or NF-κBp65 

antibody. The interaction of the p65 subunit and LRF was observed by 

immunoprecipitation and overexpression of LRF led to increased expression of 

p65 in the nucleus of MCF-7 cells (Figure 38).    

 

3.12 Effect of LRF overexpression on cyclin proteins and the 

regulation of the cell cycle.  

 Cyclin A1 and A2 mRNA transcripts are present in normal and cancer cells 

(Figure 39A). Cyclin A1 expression increased significantly in MCF-7 cells after 

LRF overexpression while expression of cyclins A2, B, and D remained 

unchanged (Figure 39B). This observation was confirmed by western blotting 

and Immunofluorescence (Figure 40). LRF overexpression decreased p21CIP/WAF 

expression in MCF-7 cells (Figure 41). LRF overexpression increased the 
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number of MCF-7, MDA-MB-231, and T-47D cells in the G2 phase of the cell 

cycle (Figure 42).   
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Figure 34: LRF over-expression in breast cells.  

A) Over-expression of breast cancer cells was performed by Lipofectamine 2000 

according to the text. B) Overexpression of breast cells was performed by Amaxa 

Nucleofection according to the text.  
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Figure 35: LRF overexpression in MCF-7, MDA-MB-231, and T-47D 

breast cancer cells by Immunofluorescence.  

Immunofluorescence for LRF expression was performed for A) MCF-7 B) MDA-

MB-231 C) T-47D cells according to the text. DAPI was used as a nuclear 

counterstain (400x).  
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Figure 36: Effect of LRF overexpression on the activity of NF-κB 

p65/p50 subunits in MCF-7 cells.  

A) Western blotting and B) Immunofluorescence were performed to observe the 

expression of  NF-κB subunits as indicated in the text. DAPI was used as a 

nuclear counterstain (400x).  
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Figure 37: Effect of LRF overexpression on the activity of NF-κB 

p65/p50 subunits in T-47D cells.    

A) Western blotting and B) Immunofluorescence were performed to observe the 

expression of NF-κB subunits as indicated in the text. DAPI was used as a nuclear 

counterstain (400x).  
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Figure 38: Immunoprecipitation of LRF and NF-κB p65 after LRF 

overexpression in MCF-7 nuclear and cytoplasmic protein.  

Nuclear or cytoplasmic lysates from MCF-7 cells either with our without LRF 

were precipitated with LRF antibody (A) and NF-κB p65 antibody (B) and 

interaction with A) NF-κB p65 or B) LRF was observed by western blotting 

according to the text.     
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Figure 39: Expression of LRF mRNA transcripts and the effect of its 

overexpression on cyclins in breast cells.   

RT-PCR was performed for expression of cyclins in A) breast cells lines and B) 

with or without overexpression of LRF.  
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Figure 40: Effects of LRF overexpression on cyclins in MCF-7 breast 

cancer cells.   

A) Western blotting and B) Immunofluorescence of MCF-7 breast cancer cells 

were performed for cyclins A, B, D, and E.  DAPI was used as a nuclear 

counterstain (400x). 
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Figure 41: Effect of LRF overexpression on p21CIP/WAF expression.  

DAPI was used as a nuclear counterstain (400x). 
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Figure 42: Cell cycle stage analysis of breast cancer cells after LRF 

overexpression.   

A) MCF-7, B) MDA-MB-231, and C) T-47D cells were cultured either with or 

without LRF. Vindelov’s reagent was added to cultured cells and cells were 

analyzed by flow cytometry. 
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The role of BCL-6 and PLZF POK family members has been extensively 

examined in carcinoma, but comparatively little is known about LRF. PLZF is 

involved in the progression of melanoma by coordinating the expression of many 

genes which are indicative of melanoma (Felicetti et al., 2004). BCL-6 is the third 

most common translocated region in non-Hodgkin’s lymphoma and functions in 

the germinal center of B-cells (Bos et al., 2003; Ye et al., 1997). The functional 

role and expression of Bcl-6 is also accepted outside of the lymphoid system, such 

as in skin and breast carcinomas (Kanazawa et al., 1997; Logarajah et al., 2003). 

The expression of LRF in various solid tumors has been examined, but little is 

known about its functional expression in human breast carcinoma.  

The results indicate that LRF has oncogenic properties and is involved in 

malignant progression due to a strong difference in the expression of LRF mRNA 

and protein expression between the benign and malignant breast tissues. The few 

benign breast biopsy tissues that strongly expressed LRF could contain pre-

malignant cells and adipocytes. A strong correlation could not be drawn from the 

clinicopathologic characteristics of the breast biopsy tissues in this study, but Cui 

and associates (2007) found higher LRF expression in breast cancer tissues with 

axillary lymph node metastasis. LRF expression was also correlated significantly 

with TNM staging in non-small cell lung carcinomas (Zhao et al., 2008).   

Most transcription factors translocate from the cytoplasm to the nucleus. 

The POZ family of transcription factors (i.e., Bcl-6, HIC-1, Kaiso, PLZF) are 

predominantly located in the nuclei of mammalian cells (Kelly et al., 2004; 

Dhordain et al., 1995).  Consistent with observations by Lee and associates 

(2005) in HeLa cells, some cytoplasmic expression of LRF upon overexpression 
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was seen in breast cells. Kim and associates (2007) showed that the POZ-domain 

of LRF interacted with various proteins and formed a heterodimer in the both the 

nucleus and cytoplasm using the fluorescence-microscope.   

The results that LRF expression was high in the breast tumor and the 

adjacent normal tissue agree with other findings in hepatocellular carcinomas (Ji 

et al., 2007, Cui et al., 2007). Frequently, cells within the non-cancerous breast 

tissue in patients with invasive carcinoma may have mutated and may express 

LRF as intensely as the malignant component of the tissue. Though the normal 

breast tissue does not express LRF, conditions that are associated with the 

development of carcinoma tend to express LRF. Expression of LRF was also 

observed in other neoplastic tissues (colon, lung, kidney, thymus, liver, and 

mesothelioma) indicating its involvement in carcinogenesis but not specificity for 

the type of tumor. Nuclear expression of LRF was not observed in the normal 

liver which was consistent with Ji and associates (2007).   

The findings suggest that LRF has a proliferative role in breast carcinoma 

because a strong expression was observed in the epithelial cells of the 

proliferating benign lesions of the breast, fibroadenomas, and weak but 

consistent expression of LRF in the stromal cell and lymphocytes of various 

carcinomas. Fibroadenomas are usually not associated with subsequent 

development of carcinoma, but exceptions have been noted (Dupont et al., 1994; 

Dorjgochoo et al., 2008). To devoid any possibility of non-specificity, four 

antibodies raised against different epitopes of LRF from different sources were 

used here to detect LRF in breast tissues for histological studies (data not 

 97



shown). In addition, expression of LRF and its mRNA transcripts was also 

observed in the MRC-9 lung fibroblast cells.  

Lacroix and Leclercq (2004) state that the five cell lines used for in vitro 

studies are appropriate tumor models. The vast difference in the expression of 

LRF mRNA transcripts and protein in the T-47D cells is interesting. This 

significance can be attributed to the mechanisms controlling protein synthesis. 

Additionally, the cell lines are immortalized and are constantly proliferating. 

They are derived from various metastatic sites in the cancer patients and innately 

express receptors for different growth factors and hormones. The MCF-10A 

immortalized normal breast cell lines need external growth factors including EGF 

and IGF-1 to cultivate in culture. The other ductal carcinoma cell line, ZR-75-1, 

did not express mRNA and protein at a similar expression level as T-47D cells. 

The T-47D cells were derived from pleural effusion and ZR-75-1 cells from 

ascites. T-47D cells also express the WNT7B oncogene and receptors to many 

hormones, such as 17-beta estradiol, estrogen receptor (ER), progesterone 

receptor (PR), androgen receptor, and glucocorticoid receptor. ZR-75-1, on the 

other hand, only expresses the estrogen receptor and produces high levels of the 

mucin genes, namely MUC-1. MCF-7 cancer cells are estrogen receptor positive 

and are less aggressive than the estrogen receptor negative MDA-MB-231 cells. 

Further studies can elucidate whether LRF could be exerting its effects through 

these hormone receptors.  

Previous reports indicate that p14ARF-Mdm2-p53 and Notch signaling 

pathways are abrogated in various carcinomas due to LRF expression, but 

upstream components causing aberrant regulation have yet to be identified 
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(Maeda et al., 2005; Apostolopoulou et al., 2007; Maeda et al., 2007). In an effort 

to establish a pathway that mediates LRF expression, preliminary studies 

involved treating breast cells with various anti-cancer agents {4-OHT, raloxifene, 

tamoxifen and 17-beta estradiol (data not shown)} and also with cancer-

promoting growth factors and cytokines (EGF, IGF-1, TGF-β1, TGF-β2, and TNF-

α) were performed. Regulation of LRF expression and activity may vary in other 

systems since LRF expression was significantly increased after stimulation with 

IGF-1, TGF-β1, TGF-β2, and TNF-α in breast cells but its expression only 

increased after stimulation with EGF in prostate cells (unpublished data by 

D.K.A.).  

IGF-1 and EGF cause proliferation and promote metastasis of breast 

cancer cells (Borowiec et al., 2007; Biswas et al., 2000; Sarakbi et al., 2006). 

IGFR plays a pivotal role in breast tumorigenesis and its transcription is 

regulated by p53 and other proto-oncogenes (Sarfstein et al., 2006). Expression 

of the IGFR mRNA transcripts and protein were observed in the breast cell lines 

and further studies may elucidate a pivotal role in its relationship with LRF and 

breast cancer. TGF-β1 and TGF-β2 are involved in breast cell migration, tissue 

invasion, and promotion of metastasis (Katsuno et al., 2008; Ehata et al., 2007). 

TGF-α induces mammary epithelial cell proliferation while TGF-β is associated 

with cell-cycle arrest and inhibits growth of epithelial cells (Casey et al., 2007). 

However, MCF-7 and T-47D cells (ER+) are resistant to the inhibitory effects of 

TGF-β (Brattain et al., 1996; Neil and Schiemann, 2008). This resistance is 

attributed to the change in TGFβRII activity (Ko et al., 1998). Similarly, 
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overexpression of LRF increased expression of TGFβRII in ER (+) cells, T-47D 

and MCF-7, but not in ER (-) cells, MDA-MB-231. Also, expression of the 

proliferative marker, PCNA, was increased after LRF overexpression in MCF-7 

and T-47D cells, but not MDA-MB-231 cells suggesting LRF may act only in the 

presence of the estrogen receptor. Results indicate that LRF expression is 

regulated by TGF-β through the Smad signaling pathway, but further studies 

using other Smad family members are necessary (Deckers et al., 2006). 

IGF-1, TGF-β1, TGF-β2, and TNF-α can activate the NF-κB signaling 

pathway by the PI3K/Akt, Smad, and TNF-signaling pathways, respectively (Ji et 

al., 2006; Kavurma et al., 2008; Singh et al., 2007; Gaur and Aggarwal, 2003). 

Since the activation and translocation of the p50 subunit was not observed after 

LRF overexpression, the p65 homodimer translocates to the nucleus instead of 

the p65/p50 heterodimer in MCF-7 and T-47D breast cancer cells. LRF may also 

interact with the newly transcribed IκB as suggested by Lee and associates (2005) 

and prevent the deactivation of NF-κB. LRF interacts with and stabilizes NF-κB it 

in the nucleus resulting in enhanced transcription of cancer promoting genes, 

including E-selectin (Lee et al., 2005; Krause and Turner, 1999). Consistent with 

the findings of Lee and associates (2005) using HeLa cells, an interaction was 

observed with the p65 subunit of NF-κB and LRF in breast cancer cells. This 

interaction was further increased after the MCF-7 cells were treated with TGF-β2 

(data not shown).  

 The nuclear expression of BCL-6 was observed in 68% of histologically 

high grade ductal breast carcinoma tissues and up-regulated cyclin D1 to promote 
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cell cycle progression (Logarajah et al., 2003). PLZF binds and represses the 

action of cyclin A, thereby aberrantly promoting the progression of the cell cycle 

(Yeyati et al., 1999). Since LRF belongs to the same family, it may also interact 

with cyclin proteins and aberrantly promote proliferation of breast tumor cells.  

Overexpression of LRF did not change cyclin A2 expression, but increased 

cyclin A1 mRNA transcripts and protein and arrested breast cancer cells in the G2 

phase of the cell cycle. A decrease in the expression of the cell-cycle inhibitor, 

p21CIP/WAF, after LRF overexpression indicates that LRF has a proliferative role in 

breast cancer. Although cyclin A2 activity has a greater role in breast carcinoma, 

cyclin A1 interacts with Sp1, a transcriptional activator that binds to GC boxes in 

gene promoter regions and mediates DNA binding (Forjas de Borja et al., 2001; 

Suske, 1999). LRF interacts with Sp1 and represses the transcription genes 

including ADH5/FDH (Lee et al., 2002). Cyclin A1 promoter activity is highest 

during late S and G2-M phase, and is dependent on the binding of members of 

the Sp1 family (Muller et al., 1999). Contrary to these results and adding to the 

complicated role of LRF, Laudes and associates (2008) found that overexpression 

of FBI-1 represses the activity of cyclin A by inhibiting Sp1 and induces inhibition 

of proliferation of preadipocytes.   

Taken together, all of the results suggest that LRF expression is mediated 

by the action of growth factors including IGF-1, TGF-β1 and TGF-β2, in breast 

cancer cells via the PI3K-Akt and Smad signaling pathways, respectively. These 

pathways can also activate the NF-κB signaling pathways. Overexpressed LRF 

interacts with and activates the p65 subunit NF-κB and causes the p65 

homodimer to stay active in the nucleus and aberrantly transcribe cyclin A1. This 
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overexpression also aberrantly regulate the cell cycle by increasing the number of 

breast cancer cells in the G2 phase of the cell cycle and induce expression of 

cyclin A1, thereby promoting proliferation of breast cancer cells (Figure 43).  

In conclusion, the results demonstrate that LRF is highly expressed in 

malignant tissues, but might not be a pan-marker for all tumors. Its expression is 

regulated by cancer-promoting factors and is involved in aberrant cell cycle 

regulation. It has proliferative properties and is involved in the progression of 

breast carcinoma. Additional studies using more samples and clinical data, 

inhibitors of NF-κB and cyclin A, silencing of LRF expression using siRNA 

studies, and conducting similar experiments in the immortalized normal breast 

MCF-10A cells could establish LRF as a marker for malignancy or proliferation 

and develop therapeutic targets. 
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Figure 43: A schematic diagram of the proposed involvement of LRF 

in breast carcinoma. IGF-1, TGF-β1, and TGF-β2 increase the expression of 

LRF via the PI3K-Akt and Smad signaling pathways, respectively by binding to 

their receptors, IGF-1R or TGFβRII. LRF binds to the active p65 subunit of NF-

κB (p65 homodimer) and stabilizes it in the nucleus. Constant activity of NF-κB 

aberrantly transcribes the cancer promoting gene, cyclin A, thereby causing 

proliferation of breast cancer cells.   
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Human Subjects Research 
 
Human breast biopsy samples will be collected from unidentified subjects from 
the Department of Surgery and Center for Breast Care at Creighton University 
Medical Center (CUMC), Omaha, Nebraska. The Institutional Review Board of 
Creighton University approved the protocol (IRB # 0513792). Additional blocks 
of human tissues will be collected from the archives of the Department of 
Pathology at CUMC and those samples will remain identified.   
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