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INTRODUCTION: 

Certain human carcinoma cell lines produce reactive oxygen species (ROS) 
constitutively. This affords them potentially with an advantage in cell proliferation, and 
migration and invasion of surrounding tissues by degrading the surrounding extracellular matrix 
and by increasing their motility. The basis for generation or upregulation of ROS in cancer cells 
is so far unknown. We hypothesized that recently identified, novel ROS-producing enzyme 
systems might be involved and proposed to define members of this family in breast cancer cells 
and to evaluate their role in cell migration. 

BODY: 

Characterization of the ROS generating enzyme in cancer cells 
We have spent considerable time and effort in analyzing the identity of the ROS- 

generating enzyme in cancer cells. According to our hypothesis, we focused our efforts on 
NADPH oxidase components and cytochrome b 55g homologs. Initially, we probed in 
collaboration with Dr. Lambeth for the presence of the first characterized gp9lphox homolog 
Noxl using RNA derived from normal breast epithelial and breast cancer cell lines. Since the 
data obtained by Northern blotting with noxl were inconclusive and novel members of the Nox 
family were identified, we decided to determine the presence of these nox genes in ROS- 
generating cancer cells by RT-PCR (1-5). Using «ox-positive cells as control we designed 
primers for noxl, nox4 and nox3. We detected full-length noxl in the colon cancer cell line 
CaCo2, but not in several different breast cancer cell lines. Similarly, nox4 was present in 
HEK293 cells but not in the breast cancer cells tested. At this time we are still working on the 
conditions for nox3 PCR. Nox3 was reported to be expressed in fetal liver tissue and Hep2G 
cells. Since we have no easily available source for human fetal liver DNA, Hep2G cells are 
currently used for RT-PCR. Additionally, we designed primers for nox2 (formerly gp9lphcx). 
While neutrophil control RNA showed Nox2 as expected, this gene was not detected in the tested 
breast cancer cells. 

We conclude from these first experiments that breast cancer cells do not contain the 
NADPH oxidase component Nox2 and might produce ROS using other Nox family members. 
Since the narrow range of tissue distribution of the novel genes Noxl, Nox3 and Nox4 seems to 
indicate Nox family member tissue specificity, we searched the Est database for additional 
homologs. Two potential Nox sequences were found and their presence in breast cancer cell 
lines will be tested. 

Identification of signals regulating ROS production in cancer cells 
To investigate which signaling pathways might enable cancer cells to produce ROS 

constitutively, dominant negative and positive signaling molecules have to be introduced into 
these cells. Most breast cancer cells are relatively difficult to transfect with high efficiency using 
lipid-mediated gene transfer. We decided to establish an adenovirus-based infection system, 
which would allow infecting 95-100% of the cells without high toxicity. Three different control 
viruses encoding the green fluorescent protein GFP were produced. We used Fiber5 or Fiber3 
containing adenovirus, choosing either recombination in HEK293 or in E. coli. After infection 
of breast cancer cells at different conditions and virus concentrations, transfection efficiency (i.e. 
production of GFP) was determined by FACS analysis. In light of our results, we decided to 



establish an adenovirus Fiber5 system using E. coli for recombination followed by virus 
propagation in HEK293 cells. 

Several signaling molecules have been implicated in superoxide-generating enzyme 
systems in neutrophils or fibroblasts. Predominantly the small GTPases Ras and Rac seem to 
regulate aspects of ROS production in these cells. Our own work in neutrophils shows an 
important role for Rac and its effector kinase Pak in ROS generation. We have started to clone 
several of these signaling molecules in wildtype, constitutively active and dominant negative 
form into the adenoviral vector using short N-terminal tags as expression markers. 

Evaluation of ROS as second messengers in cell movement of cancer cells 
Our first step was a more thorough analysis of certain potential ROS inhibitors in selected 

cancer cell lines. The flavoprotein inhibitor DPI inhibited ROS production dose-dependently. 
Additionally, several inhibitors of the mitochondrial respiratory chain were tested and did not 
affect ROS release. A very specific inhibitor of Cox-2 (Ns-398) and the intracellular Ca2+ 

antagonist TMB-8 were used and proved ineffective. Since our goal is the evaluation of cancer 
cell migratory behavior due to ROS generation, we coated Boyden chamber inserts with serum, 
fibronectin, vitronectin, collagen and BSA and assessed the extent of cancer cell migration. 
While there were slight differences in attachment, once the cells were attached all surfaces 
(except of BSA our control surface) were similar in promoting undirected migration. We will 
use fibronectin and collagen in our experiments. Interestingly, ROS production was not 
inhibited by detachment for 12 h, which was created by coating of cell culture dishes with 
polymethacrylate. Starvation of cancer cells for 24-48 h suppressed ROS generation, which 
might suggest an autocrine loop or feedback mechanism. This observation will be pursued in the 
future by investigating potential regulatory growth factors or hormones. 

Since the identity of the ROS-generating enzyme in breast cancer cells is still under 
investigation, we decided to evaluate at this time the effect of stably transfected Nox on cell 
migration. We obtained Nox4 overexpressing HEK293 cells and vector control cells through 
collaboration. Initial assays show a certain phenotype change by Nox4 (cancer cell-specific 
piling up of cells on top of each other). Using the homovanillic acid assay, which measures 
production and release of hydrogen peroxide, we detected production of ROS in Nox4 
expressing cells but not in vector expressing cells. Nox4-HEK293 cells do not attach very well 
and our next experiments are targeted to find a coating surface, which allows sufficient 
attachment to compare Nox4 and vector cells in their migratory behavior. We have also cloned 
Noxl by RT-PCR, which could also be used to generate stable cell lines for our investigations. 

KEY RESEARCH ACCOMPLISHMENTS: 

• RNA isolation and RT-PCR from breast epithelial, breast cancer cells and control cells 
to detect nox genes. 
• Establishment of an adenovirus Fiber5 system and determination of its efficiency in 
breast cancer cells. 
• Assessment of parameters for ROS generation and cell migration of cancer cells. 
Analysis of a stably transfected Nox4-containing cell line and the vector control cell line. 



REPORT ABLE OUTCOMES: 

This award just started and additional work has to be accomplished prior to publication or 
presentation at meetings. 

CONCLUSIONS: 

Two different Nox family members have been reported since our proposal was submitted 
and funded. Their functions and regulation are still unknown, but are implicated in promoting 
cell growth and tumor formation in mice. The distribution of Nox family members seems to be 
tissue specific and no isoform has been identified to date in breast epithelium. Identification and 
characterization of additional Nox proteins will shed light on their regulation in cancer cells. 
ROS have been implicated in tumor metastasis in mice and the deregulated or altered state of 
Nox proteins in cancer cells might mediate these effects. 
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