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(4) Introduction: 

The development of a panel of molecular genetic markers for identifying the 13% lymph 
node negative mammary carcinomas that are known to develop metastases (Fisher et al. 
1997) would be clearly be of considerable value in indicating those cases in need of early 
aggressive therapy. There would also be considerable benefit to the 87% of women with 
mammary carcinomas that are not likely to metastasize by sparing them the considerable 
physical mental and financial costs of the treatment. In addition, further knowledge of 
the genetic mechanisms that play an important role in metastasis could ultimately lead to 
the development of improved therapeutic procedures. 

(5) Body: 

The technical objective of this project is to isolate genes whose loss of wild-type function 
represents a step in the acquisition of metastatic property by ductal mammary carcinoma 
cells. To accomplish this objective we have been using representational difference 
analysis (Lisitsyn et al. 1993; Li et al. 1997) on normal/primary and metastatic archival 
tissue samples from patients with breast carcinoma. Attaining this aim will result in a 
panel of molecular genetic markers that could be used for differentiating with high 
sensitivity and reliability ductal mammary carcinomas that are prone to developing 
metastases from those that will not. 

Statement of Work (3 years) 

Task. 1: Isolation of differential sequences specific to breast metastasis using RDA. 
i.   Collection of additional tissues of ductal mammary carcinoma (DMC) and 

continuation of ongoing RDA product characterization (Months 1-12) 
ii. Confirmation of histopathology of tissues before LCM (Months 1-24) 
iii. LCM of 30 cases of DMC tissues with normal, primary and metastasis cell 

components (Months 2-30) 
iv. RDA of 30 cases of DMC (Months 1-14) 

Task. 2: Characterization of the differential RDA products. 
i.   Cloning of RDA products isolated from the loss side (Months 1-18) 
ii.   Sequencing and Southern blot analysis of the clones (Months 1-20) 
iii. Homology search of positive clones (Months 2-28) 
iv. Northern blot analysis of the analysis of significant clones from the past and 

present RDA experiments (Months 6-25) 
v.   Isolation of complete gene sequences (Months 6-25) 

Task. 3: Further analysis of candidate genes of metastasis. 
i.    Screening the metastasis-specific genes on at least 120 DMC cases and 

statistical analysis (Months 12-30) 
ii.  In vitro and in vivo functional assays of metastasis (Months 12-30) 



iii. Antisense oHgonucleotide-mediated disruption of mRNA translational studies 
(months 18-34) 

iv. Compilation of data for the submission of final grant report (Months 33-36). 

Second Year Progress Report: 

We have undertaken all experiments that were proposed under each task for the second 
year. The following is the progress of the work done so far: 

Task 1: 

i. Breast carcinoma tissue sample collection: 
This year an additional 4 cases of fresh frozen ductal breast carcinoma (DBC) consisting 
of normal, primary and positive lymph node samples have been obtained from the Co- 
operative Human Tissue Network (CHTN). We also have received matched DNA 
samples of normal and primary tumor of 9 DBC patients as a gift from the University of 
Cairo, Egypt. The matched DNA samples from the positive lymph node material from all 
these patients are not currently available. However we know that all these patients had 
developed metastasis. We also have used paired cell lines derived from normal tissue/ 
blood and primary tumors of 3 breast carcinoma patients who are reportedly have loss of 
heterozygosity (LOH) for a region on the chromosome lOq encompassing PTEN gene. 
These cell lines were received as gift from Dr. Ramon Parson of Columbia University (Li 
et al. 1997). 

ii. Histopathology of patient tissue samples: 
Six cases of DBC from our existing archival tumor tissue collection and four cases 
obtained from CHTN this year were selected by Drs. Jones (Pathologist) and Klinger 
(Co-investigator) and histopathology of these tissue samples were reconfirmed. 

iii. Additional RDA experiments: 
The tissue sections of selected 10 cases of tumors were processed for LCM (Emmert- 
Buck et al. 1996). Six out often cases were found suitable for LCM. These cases were 
also used to screen the candidate metastasis associated gene sequences (MAGS) isolated 
from the previous RDA experiments. Additional cases will be processed and used next 
year for RDA experiments as well as for screening candidate metastasis associated gene 
sequences. We have undertaken 6 RDA experiments last year and another 6 this year 
using archival tissue samples. Except for the first RDA, all the remaining RDA 
experiments were performed by comparing DNA samples recovered from primary and 
metastatic tumor cells. We could not complete RDA of the remaining 18 cases (as 
proposed) so far because of two difficulties. Firstly, each RDA experiment followed by 
cloning and characterization of the differential products has been taking much of our 
time. Secondly, in the past two years we found that some of the archival samples are not 
suitable for LCM. We therefore are planning to try our single cell microdissection 
method on such cases if necessary. 



iv. Total probe: 
The total probe was prepared by combining differential sequences (present only in 
normal or primary tumor cells but missing in metastatic cells) derived from each of the 6 
RDA experiments. Screening the clones isolated from the additional 6 RDA experiments 
using the total probe, we obtained 7 additional unique metastasis associated gene 
sequences (MAGS) that were not present in the total probe. Homology search, 
sequencing and RH mapping of these MAGS are in progress. 

Task 2: 

i. Further characterization of MAGS: 
To determine if the MAGS obtained from our RDA experiments are parts of functional 
genes, RT-PCR and Dot/Northern blotting experiments are being conducted. For RT- 
PCR experiments primers were designed from different MAGS and used on normal 
human total RNA. Both MAGS IV and IX showed expression of the transcript. 
Dot/Northern blotting experiments also supported the RT-PCR results. Figure 1 shows 
RT-PCR results and figure 2 shows dot blot results of MAGS IV. Full Northern blots are 
being performed to confirm these results and also to determine the actual size of 
transcripts of these genes. 

185 bp 

Fig. 1. RT-PCR of normal RNA using MAGS IV primers showing that the gene is 
expressing. Lane M: 200bp DNA marker band ; Lane 1: Positive control; Lane 2: 
Negative control; 3-4: Total RNA from normal human tissue digested with DNAse I. 
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Fig. 2. Results of total RNA dot/Northern blot using cc32P-dCTP probes prepared from 
MAGS-IV (a) and internal control G3PDH (b) DNA. Lane 1: A positive signal is present 
in the normal RNA (digested with DNAse I); Lane 2: Negative control; Lane 3: Positive 
control (DNA of MAGS IV). 

ii. Isolation of complete MAGS: 
In order to obtain the complete sequences of the MAGS, we used inverse-PCR and also 
cDNA library screening methods. The reason behind these 2 approaches is to obtain 
complete gene sequence or reasonably long enough sequence so that we can use these 
MAGS for transfection (in vitro and in vivo) studies as well as use as FISH probes (more 
than one kb size of DNA sequence is required to use as FISH probe) to screen normal and 
tumor cells simultaneously on primary and metastatic tumor tissue sections of patients. 

We performed inverse-PCR using genomic DNA and reverse primers designed from the 
respective MAGS. The PCR products were cloned using TA cloning system (pCR 2.1) 
and currently are being characterized. As shown in the figure 3, four clones from MAG 
IV showed 4 different fragments ranging in sizes from 2-2.7 Kb. Some of them were 
completely sequenced and attempts are being made to use them as FISH probes. 

M    1   2  3    4 

3.9 kb 
2.64 kb 

Fig. 3. Estimation of insert sizes of 4 clones obtained from inverse-PCR after digestion 
with EcoRI. The insert sizes (from left to right) ranged from 2.4 to 2.65Kb. Plasmid 
vector size is 3.9Kb. M: High molecular DNA marker. 

In the second approach we used cDNA library (Agt 11 vector) of a human breast 
carcinoma (Clontech) to screen our MAGS as probes to isolate full-length cDNA clones. 
In the third round of screening we obtained about 9 positive plaques for MAGS IV. All of 
them were found to be positive by PCR using MAGS IV primers. Similar 
characterization with other MAGS are underway. Once the full length cDNA of these 
genes are isolated, we will perform transfection studies by expressing these gene products 
in a highly metastatic human mammary cell line, MDA-MB-435 to determine if its 
phenotype changes to low metastatic. 

7- 



iii. Screening patient samples using MAGS by PCR: 
We screened 20 patient samples so far using the primers derived from different 
MAGS. In the previous report 2 candidate MAGS, M-41 and M-120 (MAG IX) 
were reported. RH mapping indicated that MAG IX sequence is localized on 
human chromosome lOq arm in which PTEN gene is also located. To determine if 
this gene is close to PTEN gene, we screened normal tissue/blood and tumor 
derived cell lines from 3 patients whose tumors had LOH of a region 
encompassing PTEN region on lOq (Li et al. 1997). We found that MAGS IX was 
present in the normal and tumor samples of all the three patients indicating that it 
is neither a part of PTEN gene nor localized in the LOH region. The MAGS IX 
sequence showed 94% identity to homo sapiens chromosome 10 clone (gi- 
14787179; AC022541.10). While screening these three patient cell lines with 
other MAGS, we found that MAG IV was missing in the tumor DNA samples of 
one patient cell line (Fig. 4) indicating its possible involvement in 
tumorigenicity/metastasis. We could not determine its status in the metastatic 
DNA samples since they are not available in these 3 patients. With regard to 
homology search no matches were found for MAGS IV in the gene banks 
indicating that it is possibly a novel gene associated with breast cancer. In the 
PCR screening experiments using primers from all the MAGS on DNA of normal 
and primary tumor samples of 9 breast cancer patients received from the 
University of Cairo, none of the MAGS were found to be missing in any of these 
9 tumors. We are waiting to obtain the corresponding metastatic cell DNA 
samples from Cairo University to determine their possible involvement in 
metastasis in these 9 patients. 

2.0 kb 

0.2 kb 
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Fig. 4. PCR screening of 4 MAGS on DNA samples of paired normal cells (lanes with 
even numbers from 4-26) and primary tumor cells (lanes with odd numbers starting from 
5-27) derived from three breast carcinoma patients with loss of heterozygosity for a 
region on chromosome lOq encompassing gene PTEN. Lanes 1: 2Kb DNA marker; 2: 
Positive control; 3: Negative control; PCR results with MAGS X with product size of 
148bp (lanes 4-9); MAGS VIII with product size of 171bp (lanes 10-15); MAGS IV with 
product size of 185bp (lanes 16-21) and MAGS II with product size of 144bp (22-27). 
Lane 19 represents tumor cell line sample of a patient showing absence of a 185 bp 
product. G3PDH internal controls are not shown in the figure. 

8- 



(6) Key Research Accomplishments: 

• 

• 

Collected 4 ductal breast carcinoma samples with matched normal tissue, primary 
and metastatic tumors (CHTN), 3 pairs of matched cell lines from normal tissue 
and tumors (Columbia University) and DNA from normal tissue and tumor 
samples from 9 breast cancer patients (Cairo University). 

'Total probe" prepared from the MAGS of first set of six RDA experiments was 
used as probe to screen six additional RDA experiments which yielded 7 
candidate MAGS. 

A candidate sequence, MAGS IV was found to be missing in one of the three 
patient tumors which had LOH for a region encompassing PTEN region on lOq. 
Its metastatic involvement could not be confirmed due to nonavailability of 
matching metastatic cell DNA. Thus proposing that this MAGS IV is associated 
with tumorigenicity and possibly with metastasis. 

Preliminary RT-PCR and Dot/Northern blot experiments indicated that MAGS IV 
and IX are parts of functional genes. Full Northerns are underway to confirm 
these results and also to estimate the actual sizes of the complete transcripts. 

Using inverse-PCR, sizes of sequences of MAG IV that are required for FISH 
were isolated. Experiments to obtain the full length of this and other MAGS are in 
progress. 

Isolation of foil-length cDNA of MAGS IV by screening a Xgtll human breast 
carcinoma cDNA library is in progress. 

(7) Reportable outcomes: 

Manuscripts, abstracts and presentations 

Related to this grant: 

Research manuscript 

•   A candidate metastasis associated DNA marker for ductal mammary carcinoma. 
P. M. Achary, H. Zhao, Z. Fan, P. Mahadevia H. P. Klinger and B. Vikram    (2001). 

Note: This manuscript will be submitted next week for publication to 'Cancer Research' 
under the section "Advances in brief. We are waiting for the figures from the graphic 
arts center. We will submit a copy of the manuscript to your office at the time of 
submission to the journal. 

-9 



Presentation 
• "Molecular markers of breast metastasis and cervical carcinomas", at Calcutta 

University, Calcutta, India on May 15th 2001 (Invited speech); Letters attached 
(Annexure-I). 

Directly not related to the grant f US Army IDEA grant sponsorship to the PI is 
acknowledged): 
i. R. Yuan, S. Fan, Mohan P. Achary, D. M. Stewart, I.D. Goldberg and E.M. Rosen. 

2001. Altered gene expression pattern in cultured human breast cancer cells treated 
with hepatocyte growth factor/scatter factor in the setting of DNA damage (submitted 
to Cancer Research; a copy attached; Annexure-II) 

ii. M. P. Achary, W. Jaggernauth, E. Gross, A. Alfieri, H. P. Klinger and B. Vikram 
(2000). Cell lines from the same cervical carcinoma but with different 
radiosensitivities exhibit different cDNA microarray patterns of gene expression. 
Cytogenetics and Cell Genetics 91: 39-43. (A reprint copy attached; Annexure-III) 

iii. Lawrence H. Herbst, Ratna Chakrabarty, Paul A. Klein, and M. P. Achary, 2001. 
Differential Gene Expression Associated with Tumorigenicity of Cultured Green 
Turtle Fibropapilloma-Derived Fibroblasts. Cancer Genetics and Cytogenetics 128: 
1-5 (a gaily proof copy attached; Annexure-I V) 

Patents and licenses applied for and/or issued 
We are planning to submit the candidate metastasis associated gene sequences to 
database soon and also patent M-41, MAGS IV and IX sequences. 

Degrees obtained that are supported by this award 
None 

Development of cell lines, tissue or serum repositories (core facilities) 
i. The PI has been contacting worldwide to procure all types of breast cancer tissue 

samples to establish a repository. The long-term goal is to make customized Tissue 
Arrays (Glass slides with small sections of normal, primary and metastatic tissue 
samples from two groups of large number of patients whose tumors did and did not 
develop metastasis. This will facilitate a rapid and economic way of validation of 
candidate metastasis associated markers by FISH and other methods. We are 
expecting matched DNA samples from normal tissue, primary tumor and metastatic 
lymph node material from about 100 breast carcinoma patients from Cairo University. 
So far we have normal and primary tumor tumor DNA samples from 9 cases. These 
samples will be very much useful for the present study. 

ii. In our breast carcinoma tumorigenicity cum metastasis nude mouse model, we inject 
human mammary metastatic cell lines (MDA-MB-435) into primary mammary fat 
pads of the nude mice and after 6 weeks the primary tumors are surgically removed 
and after about 5 weeks the animals are killed to measure metastasis. In one of such 
experiments we have made tumor cell cultures from the metastatic lungs and after 

10 



growing them for two generations they were reinjected into mammary fat pad of nude 
mice. This time we found that the mice died of metastasis in lungs within 3-4 weeks 
indicating that these cell lines are highly metastatic compared to the original MDA- 
MB-435 cells. Currently we are performing cDNA microarray to determine if some 
genes are differentially expressed in the highly metastatic phenotype. 

Informatics such as databases and animal models etc. 
A tumorigenicity cum metastasis mouse model is established to evaluate breast 
carcinoma cell lines transfected with the candidate metastasis associated gene sequences 
and also to evaluate the efficacy of potential anticancer drugs. 

Funding applied for based on work supported by this award 
i. Awarded a fellowship (@ $30,000 per year) by Klinger's Fund for three years (2000- 

2003) to hire a post-doctoral fellow to work on breast cancer research projects in Pi's 
lab (copy of the letter attached; Annexure-V). Dr. Hui Zhao is currently working in 
my lab as a post doc sponsored by the foundation. 

ii. PI has submitted an IDEA grant to US ARMY Breast Cancer Research Program on 
June 13th 2001. The objective of this proposal is to evaluate the efficacy of the extract 
of Cynodon plant on tumorigenicity and metastasis in breast cancer using the nude 
mouse model developed from the current US Army grant. 

iii. PI will submit a RO-1 grant application to NIH based on the results obtained from the 
current US Army project to further characterize the MAGS for the October 2001 
deadline. 

iv. PI submitted an Insight grant (PAR99-128) to NIH entitled "Diagnostic gene 
expression profiles in breast cancer" on October 13th, 1999. The long-term goal of the 
project is to identify the breast cancer patients who are prone to metastasis, using 
cDNA microarray strategy. The cDNA microarrays may identify gene expression 
patterns at the global level (currently 40,000 genes/ESTs) that are specific to each 
group of patients. The grant application was scored (priority score was 238) well but 
was not funded primarily due to technical problems. We have taken care of the 
technical problems and generated supporting data and will be submitting the revised 
application to NIH for the November 2001 deadline. 

Employment    or    research    opportunities    applied    for/or    received   on 
experiences/training supported by this award 
This year 5 students (3 from Yeshiva University, 1 minority student from Bronx 
Community College and 1 from Bronx High School of Science competing in the Intel 
Prize) have satisfactorily completed their summer projects and one medical fellow (M.D.) 
received 4 months research training in the Pi's lab. The expenses incurred by these 
research projects were funded by their respective Institutions. 

11 



(8) Conclusions: 

We have nearly completed the work proposed for the first and second years. Several 
additional novel candidate metastasis associated gene sequences of ductal breast 
carcinoma have been isolated. So far two MAGS and one tumor associated sequence 
(MAG IV) were identified and are being further characterized. No significant changes are 
foreseen in the approach outlined in the project. 

(9) References: 

M. R. Emmert-Buck et al. Science 274:998-1001 (1996) 
B. Fisher et al. J. Natl. Cancer Inst. 89:1673-82 (1997) 
B. J. Lewis and R. M. Corny, Breast cancer. In: Cecil Textbook of Medicine, 
20th edition vol. 2 (1992), pp.1320-1325 
J. Li et al. Science 275: 1943-1947 (1997) 
N. Lisitsyn et al. Science 259: 964-951 (1993) 
A. Scorilas et al. Anticancer Research 13:1895-1900 (1993) 
J. Silver and V. Keerikatte, J. Virol. 63,1924-1928 (1989) 
B. Z. Yuan et al. Cancer Research 58: 2196-2199 (1998) 
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Annexure-Ia 

UNIVERSITY OF CALCUTTA 
♦ GENETICS RESEARCH UNIT ♦ DEPARTMENT OF ZOOLOGY ♦ 

35BALLYGUNGE CIRCULAR ROAD ♦ CALCUTTA-700 019 ♦ INDIA 

Prof. R. N. CHATTERJEE ~  91-033 - 475-3681 [0] 
Ph.D.; D.Sc.(Cal); FZSI; FZS (£) 91 -033 - 442-4678 [R] 

Fax:91-033-476-4419 

T)atß  

3-15-2001 

To 
Dr. Mohan P. Achary 
Assistant Professor and Cancer Biologist 
Department of Radiation Oncology 
Jack and Pearl Resnick Campus 
1300 Morris Park Avenue 
Bronx, 
New York 10461 
USA 

Dear Dr. Achary: 

I came to know from a reliable source that you will come to Kolkata, India, in April, 
2001. If you can arrange your travel plans, you are welcome to visit our department, 
especially our laboratory in the Department of Zoology, University of Calcutta and you could 
also give a lecture to our students. I shall be highly obliged if you could accept the invitation and 
inform us if you could like to deliver a lecture on the topic chosen by yourself. 

I am looking forward to hearing from you. 

(Prof. Rr. N. C&atterjee) 

Professor in Zoology 
University of Calcutta 
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PHONE : 475-3681 (4 Lines) 

COLLEGES OF   SCIENCE & TECHNOLOGY 

UNIVERSITY OF CALCUTTA 

DEPARTMENT OF ZOOLOGY 

35, BAIXYGUNGE CIRCULAR ROAD 

CALCUTTA-700 019  (INDIA) 

5-15-2001 

To whom it may Concern 

This is to certify that Dr. Mohan P. Achary, Ph.D.   Assistant Professor and Cancer 

Biolögist, Department of Radiation oncology, has delivered a lecture entitled " Molecular markers 
it 

of breast metastesis and cervical carcinomas in   our department. Our students and a large 

number of research fellows have benifited from his deliver. I wish him every success in life. 

z5-.5-.cr; 
(Prof. B. Manna) 

Head 

Department of Zoology 

ffdf, <t Rea4 
Bipartment of Zoology 
Ueiversity of Cakuue 
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ABSTRACT 

The cytokine hepatocyte growth factor/scatter factor (HGF/SF) protects epithelial and 

cancer oe.is against DNA damaging agents via a pathway invoiving signaling from c-Me, -. 

phosphatidylinosito.-3-kinase _  c-Akt.     However, the down-stream  alterations  in gene 

expression resulting from this pathway have no, been established. Based on cDNA mieroarray 

and semi-quantitative RT-PCR assays, we found that MDA-MB-453 human breast cancer ce„s 

pre-i„euba«ed with HGF/SF and then exposed to adriamycin (ADR), a DNA topcsomerase „ 

inhibitor, exhibit an altered pattern of gene expression, as compared with cells treated with ADR 

only.   [HGF/SF+ADR]-treated cells showed altered expression of genes involved in the DNA 

damage response, cell cycle regulation, signal transdnction, metabolism, and development. 

Some of these alterations suggest mechanisms by which HGF/SF may exert its protective 

activity: eg., up-regula.ion of polycystic kidney disease-! (a survival-promoting component of 

eadherin-catenin   complexes),   down-regulation   of   51C   (an   inositol   polyphosphate-5- 

phosphatase), and down-regnlation of TOPBP1 (a topoisomerase IIB binding protein).   We 

showed that enforced expression of the cdc42-in.eracting protein CIP4 - a cytoskeleton- 

associated protein for which expression was decreased in [HGF/SF+ADR]-treated cells - 

inhibited HGF/SF-mediated protection against ADR. The cDNA mieroarray approach may open 

up new avenues for investigation of the DNA damage response and its regulation by HGF/SF. 



INTRODUCTION 

The cytokine hepatocyte growth factor/scatter factor (HGF/SF) is a pleiotrophic mediator 

of multiple biologic functions, that plays significant roles in embryonic development, tissue and 

organ repair, tumorigenesis, and angiogenesis. HGF/SF has been found to protect various cell 

types against apoptosis induced by a variety of stimuli, including loss of contact with the 

substratum (1), exposure to staurosporine (a protein kinase inhibitor) (2,3), and DNA damage (4- 

7). We have previously reported that various epithelial and carcinoma cell lines are protected by 

HGF/SF against apoptotic cell deaths induced by DNA-damaging agents, including ionizing 

radiation, ultraviolet (UV-C) radiation, and adriamycin (ADR, also known as doxorubicin) (5). 

ADR is a DNA intercalator and a DNA topoisomerase Ila inhibitor that induces single- and 

double-strand DNA breaks similar to those induced by ionizing radiation. 

Interestingly, pre-incubation with HGF/SF also reduced the number of residual DNA 

strand breaks at 24 hr after exposure to ADR or ionizing radiation, suggesting that HGF/SF may 

also enhance the rate of DNA repair (ie., strand rejoining) (6). The increased DNA repair and 

the cell protection against DNA damage appeared to be due, at least in part, to: 1) activation of a 

cell survival pathway involving phosphatidylinositol-3-kinase (PI3K) and c-Akt (protein kinase 

B); and 2) subsequent stabilization of the protein levels of the anti-apoptotic mitochondrial pore- 

forming protein Bcl-XL (5,6). 

These studies have not revealed the down-stream effector genes that mediate 

cytoprotection by HGF/SF. Cytoprotection by HGF/SF might involve non-nuclear events, such 

as inactivation of pro-apoptotic effectors (eg., Bad and caspase-9) by c-Akt mediated protein 

phosphorylation events (8,9). However, it might also involve prolonged patterns of altered gene 

expression induced by HGF/SF in the DNA damaged cells. The latter possibility was suggested 



by the observation that maximal protection required a pre-incubation of cells with HGF/SF for at 

least 48 hr prior to exposure to ADR (5). Shorter pre-incubation periods yielded less protection, 

and application of HGF/SF only at the time of ADR treatment and during the 72 hr post- 

incubation period gave no protection. 

To investigate the potential alterations of gene expression that might contribute to 

HGF/SF-mediated cell protection, we have utilized a cDNA microassay approach, using a 

previously studied model for HGF/SF protection (5). MDA-MB-453 human breast cancer cells 

were pre-incubated with HGF/SF, exposed to ADR, and then post-incubated in ADR-free culture 

medium for 72 hr to allow the repair processes to proceed. Alterations of mRNA expression 

were examined in cells treated with [HGF/SF+ADR], in comparison with cells treated with ADR 

alone. 



MATERIALS AND METHODS 

Sources of Reagents and Vectors. Sources of reagents and antibodies. Recombinant human 

two-chain HGF/SF was generously provided by Dr. Ralph Schwall, Department of Endocrine 

Research, Genentech, Inc. (South San Francisco, CA). Adriamycin (doxorubicin hydrochloride) 

and MTT dye (thioazyl blue) were purchased from Sigma Chemical Co. (St. Louis, MO). 

Expression vectors encoding full-length and truncated or deleted forms of human CEP4 have been 

described earlier (10). These CIP4 cDNAs were cloned into the pRK5-myc mammalian 

expression vector, which provides an amino-terminal myc epitope tag. 

Cell Lines and Culture. MDA-MB-453 human breast cancer cells were obtained from the 

American Type Culture Collection (Rockville, MD). Cells were cultured in Dulbecco's 

Modified Eagle's Medium (DMEM) supplemented with fetal calf serum (5% v/v), non-essential 

amino acids (100 mM), L-glutamine (5 mM), streptomycin (100 /ig/ml), and penicillin (100 

units/ml) (all from BioWhittaker, Walkersville, MD). Cells were grown at 37°C in a humidified 

atmosphere of 95% air and 5% C02. 

Adriamycin [ADR] treatment. Subconfluent proliferating cells in 100 mm plastic dishes or 96- 

well plates were pre-incubated in the absence or presence of HGF/SF (100 ng/ml x 48 hr) i 

serum-free DMEM and then sham-treated (control) or treated with ADR (10 uM x 2 hr, at 37°C) 

complete culture medium (DMEM plus 5% fetal calf serum). Cultures were then washed three 

times to remove the ADR and post-incubated in fresh drug-free complete culture medium at 37°C 

for 72 hr (again in the absence or presence of HGF/SF, respectively). Cultures were then harvested 

for isolation of total cell RNA and cDNA microarray or semi-quantitative RT-PCR analyses. 
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Tfansient Transfections. Subconfluent proliferating cells were transfected overnight using 

Lipofectamine (GicoBRL Life Technologies, Rockville, MD) (10 pg plasmid DNA per 100 mm 

dish) and then washed to remove the excess vector and Lipofectamine. As a control for 

transfection efficiency, cultures were co-transfected with 10 pg of a ß-glactosidase expression 

vector (pSV-ß-gal, Promega, Madison, WI) under parallel conditions; and ß-galaclosidasc was 

detected using an X-gal staining kit (Gene Therapy Systems, Inc., San Diego, CA). 

MTT Cell Viability Assay. This assay is based on the ability of viable mitochondria to convert 

MTT, a soluble tetrazolium salt [3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl tetrazolium bromide] 

into an insoluble formazan precipitate, which is dissolved in dimethyl sulfoxide and quantitated by 

spectrophotometry (11). To test the effect of CIP4 on HGF/SF-mediated cell protection, cells 

transiently transfected with CIP4 expression vectors (see above) were harvested using trypsin and 

seeded into 96-well dishes (2000 cells per well) in standard growth medium, incubated for 24-48 

hr to allow attachment and entry into the cell cycle, pre-incubated ± HGF/SF (100 ng/ml x 48 hr), 

treated with ADR (10 or 20 pM x 2 hr), post-incubated for 72 hr, and tested for MTT dye 

conversion. Cell viability was calculated as the amount of MTT dye conversion relative to sham- 

treated control cells. Ten replicate wells were tested for each experimental condition. Statistical 

comparisons were made using the two-tailed Student's t-test. 

Isolation of RNA. After cell treatments ± ADR ± HGF/SF, the total cellular RNA was extracted 

using TRIzol© Reagent (GibcoBRL), according to the manufacturer's instructions. The RNA 

was treated with DNase and precipitated using 95% ethanol prior to cDNA synthesis. Isolated 

RNA was electrophoresed through 1.0% agarose-formaldehyde gels to verify the quality of the 

RNA, and RNA concentrations were determined from optical density measurements at 260 and 

280 nm. 



cDNA Synthesis and Microarray Hybridization. One hundred micrograms of total cellular 

RNA was annealed to oligo(dT) and reverse-transcribed in the presence of Cy3-labeled or of 

Cy5-labeled dUTP (Amersham Pharmacia Biotech, Piscataway, NJ), using 10,000 units/ml of 

Superscript II reverse transcriptase (GibcoBRL). The resulting Cy3- and Cy5-labeled cDNAs 

were treated with RNase One (Promega, Madison, WI) for 10 min at 37°C, combined, purified 

by using a Centricon-50 filtration spin column (Millipore, Bedford, MA), and concentrated to 

final volume of 6.5 pi. The cDNA was then combined with 12.5 pi of hybridization solution and 

1.0 pi of blocking solution to a final volume of 20 pi. The mixture was heated at 94°C for 2 min 

and centrifuged at 13,000 rpm for 10 min; and the supernatant was transferred to a clean tube and 

incubated at 50°C for one hour. 

Hybridizations were performed on cDNA microarray glass slides prepared at the Albert 

Einstein College of Medicine microarray facility. Each slide contained 9,216 unique human 

cDNA clones. The hybridization solution was placed on a pre-treated microarray slide, covered 

with Hybri-slip, and then incubated in a hybridization chamber overnight at 50°C. After 

hybridization, the slide was washed at room temperature, first with 0.2 x SSC, 0.1% SDS for 20 

min with gently shaking, and then with 0.2 x SSC two times (20 min each time). Slide was dried 

by spinning at low speed in a centrifuge for 5 min. 

Scanning, Griding, and Analysis. The slides were scanned using a Microarray Scanner 4000A 

(Axon Instruments) at the Albert Einstein College of Medicine Cancer Center microarray 

facility. The scanner output images were localized by overlaying a grid on the fluorescent 

images, using the ScanAlyze software by Michael Eisen, Stanford University 

(eisen@genome.stanford.edu, 1998-1999). The fluorescent intensities were then calculated, 

using the program Copy of FUBAR! (the easy way out). The final reported intensity was the 

difference between average probe intensity and average local background intensity. Both final 



Sported intensities (green and red) were filtered and the spots with intensity less than 1.5 were 

eliminated. The ratios of the red intensity to the green intensity and green intensity to red 

intensity for all targets were determined. 

(o Semi-quantitative RT-PCR Analysis. Aliquots of total cellular RNA (1.0 „g) were subjected 

first strand cDNA synthesis using Superscript II reverse transcriptase (GibcoBRL); and the cDNA 

was diluted 5 times with water. One nl of the diluted cDNA was used for each PCR reaction. 

PCR amplifications were performed using a Perkin-Elmer DNA thermal cycler. The PCR primer 

sets utilized in this study are shown in Table 1. The PCR reaction conditions were individually 

optimized for each gene product studied. For each gene product, the cycle number was adjusted so 

that the reactions fell within the linear range of product amplification. PCR reaction conditions and 

cycle numbers are shown in Table 2. The ß-actin and ß2-microglobulin genes were utilized 

controls for loading. PCR products were analyzed by electrophoresis through 1.2% agarose gel 

containing 0.1 mg/ml of ethidium bromide; and the gels were photographed under ultraviolet 

illumination. The amplified cDNA product bands were quantitated by densitometry. 

Western Blotting. Whole cell lysates were prepared and Western blotting was performed as 

described earlier (5). Equal aliquots of total cell protein (50 ug per lane) were electrophoresed, 

transferred, and blotted using an anti-myc mouse monoclonal antibody (Invitrogen, Carlsbad, 

CA) at a 1:1500 dilution, to detect the myc epitope tagged wild-type and mutant CIP4 proteins. 

as 
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RESULTS 

cDNA microarray analyses. The purpose of this study was to identify candidate genes whose 

expression is altered by HGF/SF in the setting of DNA damage, that might contribute to the 

HGF/SF-mediated protection against adriamycin (ADR). ADR is a DNA topoisomerase lice 

inhibitor that induces single- and double-stranded DNA breakage. The basic experimental 

protocol is described in the Materials and Methods section and is summarized in the diagram 

shown below: 

± HGF/SF (100 ng/ml) 

MDA-MB-453 cells > ADR  > cDNA microarray analysis: 
(Subconfluent, Prc-lncubatc x 48 hr    (IOJIM    Post-Incubate x 72 hr        [HGF/SF+ADR] VS ADR 
Proliferating) x i hr) 

This design was chosen for several reasons. The main comparison was between 

[HGF/SF+ADR] vs ADR alone, to identify genes for which expression was altered by HGF/SF 

during the response to DNA damage, since it is likely that some of these alterations may 

contribute to HGF/SF-mediated cell protection. However, a comparison of cells treated with 

HGF/SF vs CONTROL (sham-treatment only) was also made. A post-incubation period of 

T=72 hr after removal of ADR was utilized in order to examine well-established alterations in 

gene expression rather than transient changes occurring immediately after DNA damage. 

Furthermore, alterations in mRNA levels observed at T=72 hr are more likely to reflect changes 

in protein protein levels, since the mRNA alterations are of a prolonged duration. 

An illustration of cDNA microarrays comparing gene expression in cells treated with 

[HGF/SF+ADR] vs ADR alone and in cells treated with HGF/SF vs 0 (control) is provided in 

Fig. 1. Gene products whose expression was consistently increased in [HGF/SF+ADR]-treated 

cells, relative to cells treated with ADR alone, by an average ratio of greater than 1.7 in at least 

two out of three independent experiments are listed in Table 3. Those gene products for which 

expression was consistently decreased in cells treated with [HGF/SF+ADR] relative to ADR 



. alone (ratio .ess than 0.7 in at ieas, ,wo ont of three independent experiments) are listed in Tabie 

4. The ratio values shown in these tables represent the means ± ranges (N=2) or means + SDs 

(N=3). Some of the cDNA sequences contained on the microarray shdes corresponded ,„ 

expressed sequence tags (ESTs) for which the full-length sequence is no, available in P„b„c 

domain databases. Alterations in the expression of cDNAs con-csponding ,„ these cDNAs, for 

which there is little or no information available on the structure-function of the putative gene 

product, are not included in Tables 3 and 4. 

Although the HGF/SF-induced alterations in gene expression in the setting of DNA 

damage were not usually very large [(1.7-4.0)-fold increases and (0.4,-0.67)-fold decreases], 

these changes were very reproducible. Elevated mRNA levels in the [HGF/SF+ADR] group 

(relative to ADR alone) were observed for various different functional classes of genes 

including genes involved m the DNA damage response fe, ATM, FEN1) and eel, cycle 

regulation (eg., Hs-cnl-3, HsGAK), signal transaction (eg., RHO B, CSBP!), pro.ein/RNA 

synthesis and metabolism (eg., elF3, U. snRNP70), development and cellular differentiation 

(eg., PKD1, IRX-2a), general cellular metabolism (eg., LDH-A, PGK1), and other functional 

categories (see Table 3). The abbreviations for these gene products are defined and their 

functions (or putative functions) are shown in Table 4. 

Genes for which the mRNA levels were reproducibly decreased in [HGF/SF+ADR]- 

treated cefls (relative to ADR alone) included those in similar functional classes: including DNA 

damage response (eg., TOPBP1), cell cycle relation (eg., c-Myc, CIP-4), signal transduction 

(eg., 51C, STK2), protein and RNA metabolism (eg., human Gu protein).   Few or no gene 

products for which expression was reduced were observed in several functional classes 

mcluding development  and differentiation,  transcriptions,  regulation,  and  general  cellular 

metabohsm.   However, in interpreting the significance of the lack of cenes who- -v.-.„~ 

was decreased in certain functional classes, ft should be noted that: „ the mmba o( ^ 

mcluded in each functional class is influenced by the ratio cutoffs, which is arbttrary; 2) fewer 
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genes showed decreased than increased expression, based on the ratio criteria chosen; and 3) the 

inclusion of genes in the different functional categories was somewhat arbitrary, since some 

genes could be included in more than one category. 

Table 5 shows a cDNA microarray comparison of gene expression in MDA-MB-453 

cells treated with HGF/SF relative to untreated control cells. These data indicate that the number 

of genes whose expression is reproducibly altered and the magnitude of the alterations are 

relatively small when the experiment is performed in the absence of treatment with ADR. 

However, it was noted that 51C (INPPL1), which was decreased in [HGF/SF+ADR]-treated cells 

relative to ADR alone, was also decreased in HGF/SF-treated cells relative to control. 

RT-PCR assays. Since false positive results are commonly observed in cDNA microarray 

analyses, we sought to confirm some of the gene expression alterations shown in Tables 3 and 4, 

via semi-quantitative RT-PCR assays, utilizing techniques described before by us (12,13). The 

PCR primers and reaction conditions are provided in Tables 1 and 2, respectively. For each PCR 

assay, the reaction conditions and cycle numbers were individually optimized and adjusted so 

that the reaction fell within the linear range of product amplification, ß-actin and ß2- 

microglobulin, two genes whose expression was not altered, were used as controls for loading. 

The levels of amplified PCR products were quantitated by densitometry and expressed relative to 

ß-actin. Figures 2 and 3 show semi-quantitative RT-PCR results for genes whose expression 

was either increased (Fig. 2) or decreased (Fig. 3) in cells treated with [HGF/SF+ADR] relative 

to ADR alone. 

In general, qualitative agreement between the cDNA microarray and RT-PCR results was 

quite good, although there were differences in the quantitative extent of the gene expression 

alterations between the two assay methodologies. Figs. 2 and 3 show 16 different genes for 

which expression was either increased (N=7) or decreased (N=9) in [HGF/SF+ADR]-treated 

cells by both cDNA microarray and semi-quantitative RT-PCR analyses. Genes confirmed to be 
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^creased in the [HGF/SF+ADR] group included: ATM (ataxia-telangectasia mutated), PKD1 

(polycystic kidney disease-1), lysyl hydroxylase, LDH-A (lactate dehydrogenase-A), Ul 

snRNP70 (Ul small nuclear riboprotein, 70 kDa), VEGF (vascular endothelial growth factor), 

and PGK1 (phosphoglycerate kinase). Genes confirmed to be decreased in the [HGF/SF+ADR] 

group included: c-Myc, CIP4 (cdc42-interacting protein-4), S100A9 (calgranulin), B94 (a TNF- 

inducible gene product), 51C (an inositol polyphosphate-5-phosphatase, aka., INPPL1 and SHIP- 

2), TOPBP1 (a DNA topoisomerase IB binding protein), STK2 (a serine/threonine protein 

kinase), PTPN2 (a protein tyrosine phosphatase), and Gu protein (an RNA helicase). 

Some of these alterations, although novel and not otherwise predictable, make sense 

within the context of explaining how HGF/SF may protect DNA-damage cells, as will be 

considered in depth in the Discussion. The down-regulation of 51C in [HGF/SF+ADR]-treated 

cells was of particular interest because: 1) a decrease in 51C mRNA levels was also noted in 

cells treated with HGF/SF alone (related to sham-treated control cells); and 2) 51C is a lipid 

phosphatase, analogous to PTEN, except that 51C removes the 5-phosphate while PTEN 

removes the 3-phosphate (14). Thus 51C, like PTEN (15), might be expected to inhibit c-Akt 

activation (see Discussion). Thus, we also examined 51C expression levels by semi-quantitative 

RT-PCR using a completely different set of primers. Very similar results were obtained for 51C 

using both sets of PCR primers (see Fig. 3). 

Finally, it is noted that the RT-PCR assays provide additional information not obtained in 

the microarray comparisons. Thus, the RT-PCR assays allow comparisons of gene expression in 

cells treated with ADR, relative to control, a comparison not made by cDNA micorarray 

analysis. Thus, in Fig. 2, it was observed that in most cases, the main effect of HGF/SF was not 

to alter gene expression by itself, but to block the ADR-induced reduction of mRNA levels that 

were observed in the absence of HGF/SF. In Fig. 3, with the exception of 51C and PTPN2, 

HGF/SF by itself did not significantly alter gene expression; but its main effect was to block the 
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ABR-induced up-regulation of mRNA levels. However in some cases, the mRNA levels in 

[HGF/SF+ADR]-treated cells were reduced to below control levels (eg., CIP4, TOPBP1) 

Role of CIP4 in HGF/SF-mediated protection against ADR. The cdc42-interacting protein-4 

(CIP4) was originally identified as a protein that binds to the activated form of cdc42, a Rho-like 

small GTPase, and was subsequently found to bind to the Wiskott-Aldrich syndrome protein 

(WASP) through its carboxyl terminus and to microtubules through its amino terminus (10,16) 

(illustrated in Fig. 4A). Although CIP4 is not known to be involved in cell survival or apoptosis 

pathways, the finding that CIP4 mRNA expression is up-regulated by ADR and that HGF/SF 

blocks the ADR-induced up-regulation CIP4 raises this possibility. To determine if CIP4 could 

modulate the survival of MDA-MB-453 cells in response to ADR or HGF/SF, MDA-MB-453 

cells were transfected with expression vectors encoding wild-type (wt) or mutant (truncated or 

deleted) forms of CIP4 containing an amino-terminal myc epitope tage and then assayed for their 

survival response. The MTT assay, which measures cytotoxicity as the loss of mitochondrial 

function (ie., the ability to reduce a tetrazolium dye to formazan) was used to quantitate cell 

viability (11). Expression of these proteins was confirmed by Western blotting of transfected 

cells using an anti-myc antibody (see Fig. 4B). 

Cells transfected with wild-type CIP4 (wtCHM) showed an increased sensitivity to ADR, 

as well as a significantly decreased degree of cytoprotection by HGF/SF (Fig. 4C), consistent 

with a role as a modulator of DNA damage or apoptosis response pathways. The decrease in cell 

survival in wtCHM transfected cells (relative to the empty vector transfected control) treated with 

ADR alone was greater at 10 p.M ADR than at 20 uM ADR. This finding might reflect a greater 

degree of up-regulation of endogenous CIP4 expression at the higher dose of ADR, so that the 

transfected wtCIP4 has a smaller effect. The quantitative degrees of cell protection by HGF/SF 

at doses of 10 uM and 20 uM ADR were averaged and plotted in the bottom panel of Fig. 4C. 

Based on these calculations, transfection of wtCEP4 reduced the HGF/SF-mediated cell 
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protection from about 85% to 40%.  On the other hand, there was no effect of W.CIP4 on cell 

viability in the absence of ADR (100% of control). 

Expression vectors encoding mutant forms of CIP4 included a deletion of the mierotubule 

binding domain (CIP4 ,18-545), a deletion missing the edc42 binding regron (Cff4 Ä 383-481) 

and a deletion of the carboxyl-tenrrina, WASP binding domain (Pig. 4A). ,„ genera!, these 

deletion mutants had little or no effect on the degree of HGF/SF-media,ed cell protection, „or did 

they affect cell viability in the absence of ADR (Fig. 4C). However, cells transfeeted with the 

mutant CIP4 eDNAs did show an increase in eel, viability (by a ,5-20%) at 20 pM ADR in the 

absence of HGF/SF. This finding may be due to «heir function aa dominant mhibitors of «he 

endogenous wild-.ype CIP4, although that conclusion eannot be made from this experiment 

alone 

Similar findings were obtained utilizing another cell type that is also protected against 

ADR-induced DNA damage by pre-incubation with HGF/SF, DU-145 human prostate cancer 

cells (6). Thus, W.C1T4, but no, the mutant or truncated forms of CD>4, blocked the HGF/SF- 

mediated protection against ADR (data no, shown). These findings are consistent with a role for 

CTP4 as a regulator or modulator of cell survival in the setting of DNA damage. 
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DISCUSSION 

These studies revealed an interesting pattern of up-regulation and down-regulation of 

genes in MDA-MB-453 cells treated with [HGF/SF + ADR], as compared with ADR alone. 

Admittedly, some of these gene products may be altered simply because of the higher proportion 

of surviving cells in the [HGF/SF+ADR]-treated group relative to the ADR-treated group. Gene 

products of this type might include lactate dehydrogenase [LDH-A] and phosphoglycerate kinase 

[PGK1], which were increased in [HGF/SF+ADR]-treated cells. However, the complexity of the 

findings, including many genes that were either increased or decreased in ADR-treated cells, 

suggest a more selective pattern of altered gene regulation. 

We have previously reported that in addition to protecting cells against cytotoxicity and 

apoptosis induced by DNA damage, HGF/SF enhanced the ability of carcinoma cells, including 

MDA-MB-453 cells, to repair DNA strand breaks induced by adriamycin or X-rays (6). The 

observation that cells treated with [HGF/SF+ADR] show altered expression of certain gene 

products involved in DNA damage response pathways is consistent with that prior finding. For 

example, ATM (ataxia-telangectasia mutated), a nuclear protein kinase involved in DNA damage 

signaling (17), and FEN1 (flap endonuclease-1), an enzyme implicated in the base excision 

repair pathway (18), were up-regulated in [HGF/SF+ADR]-treated cells. A mutation or deletion 

of the ATM gene leads to a defect in the repair of double-strand DNA breaks and increased 

sensitivity to ionizing radiation. 

We also found that ADR caused the down-regulation of the PKD1 (polycystic kidney 

disease-1) gene product, and HGF/SF blocked the ADR-induced down-regulation of PKD1 

expression.   PKD1 has been identified as a developmental^ regulated gene, the absence of 

which is linked to type I autosomal dominant polycystic kidney disease (19).  The function of 
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. thus gene is no, we., understood, on, PKD, was fonnd ,o encode , large cel, „.mbrane protein 

assorted with the oadheri„-oa,e„i„ oe.,xe„ adhesion compiex (20). ,nteres,mg,y, the PKD, 

gene product was receniiy shown to p!ay ro.es in maintaming the s[ructura| imegnty of ^ 

vesse.s (21) and in protecting MDCK cpitheiia, cells agams, apoptosis (22). We had previously 

reported that HGF/SF protects hoth vascular endothelia, and MDCK epithehal cells agamst DNA 

damage-induoed apoptos.s (4,5). Thus, inhibition of the down-regulation of PKD1 by HGF/SF 

may be a oytoprotective function, one which merits further investigation. 

On the other hand, the expression of the topoisomerase binding protein TOPBP1, which 

binds DNA topoisomerase IIB and also shows DNA strand break binding activity (23-25) was 

decreased in cells treated with [HGF/SF+ADR].  ADR causes DNA strand breakage in part by 

converting «he DNA topology enzy™ topoisomerase II into a DNA cleaving enzyrme (26). ., is 

though, «hat topoisomerase bindmg proteins such as TOPBP. may contribute to or potentiate 

ADR-mediated DNA damage, but the role of TOPBP1 in this process remains to be established 

The finding tha, ADR updates TOPBP. expression and that ,he up-regu,a,ion is blocked by 

HGF/SF is provocative, since i, suggests a potential mechanism by which HGF/SF might 

modu.a«e the DNA damage and repair process, upstream of DNA-damage induced apoptos.s 

HGF/SF blocked the ADR-i„duced up-regu.ation of the human Gu protein. Gn ,s a DEXD box 

nucleolar RNA hehease, which presumably parfeipates in aspects of RNA synthes.s and 

processing (27).    This finding ,s lnterestin8 because receM evjdence ^ ^   ^ 

•opotsomerase I,, Gu may be a target of ADR (28).  However, the signifies of this finding 

relative to HGF/SF-mediated cell protection remains to be determined. 

A number of gene products imphcated in signal transducion pathways were found to be 

np-regulated (eg. Rh„B, RAB5A) or ,„„„,„ [eg _ ^ ^ ^^^ ^ 

PTPN2 (oka. T eel! protein tyrosine phosphatase, TCPTP) and 51C (aka. INPPL1 or SHIP-2)]. 
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.  Expression of the 5.C gene, wh.ch encodes an «he inositol poiyphosphate-5-phospha.ase (29) 

was decreased in both HGF/SF-.reated eells (relat.ve ,„ control, and [HGF/SF+ADR]-trea,ed 

eelis (relative «o ADR a,o„e). This finding is of particnlar interest beeanse of previous studtes 

demonstrating a requirement for PI3K -+ e-Ak, signaling in the HGF/SF-media,ed protection of 

breast cancer (MDA-MB-453) and glioma cell lines against apop.osis (6,7,30). 

It had previously been reported that the tumor suppressor PTEN/MMAC1, an inositol 

polyphospha.e-3-phosphatase, inhibited the PI3K/Akt pathway through its lipid phosphatase 

activity (15). Recently, 51C was similarly found to act as an inhibitor of the PI3K7Alc, pathway, 

presumably also by reducing the levels of phospha,idylmsi.ol-3,4,5-phosphate [PI(3,4,5)P3], 

which is generated through the lipid kinase activity of PI3K (31). Thus, the reduced expresston 

of 51C in HGF/SF-treated cells should have the effect of maintaining the levels of PI(3,4,5)P3, 

which is essential for the activation and proper localization of c-Akt. 

Interestingly, i, has been demonstrated that one of the splice variants of the protein 

«yrosine phosphatase PTPN2/TCPTP, TC45, can inhibit epidermal growth factor receptor- 

mediated activation of PBK/c-Akt signaling (32). Although the role „f PTPN2 in c-Met receptor 

signaling and the important in v/vo substrates for PTPN2 are unclear, the finding that HGF/SF 

down-regulates PTPN2 gene expression again raises the possibility that PTPN2 is a target for the 

HGF/SF-mediated protection against DNA damaging agents. 

A cytoskeleton-assoeiated cdc42-interacting protein, CIP4, was found to be up-regulated 

in ADR-treated cells, while HGF/SF blocked the up-reguiation of CIP4. The function of CIP4 

has no. been definitively established, but CIP4 may function, in part, to cany the Wiskott- 

Aldrieh syndrome protein (WASP) - a mu.ti-domain protein involved in cytoskdeta, 

organization - from actin laments to microtubules (10). We showed that forced expression of 
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wiW-type human CIP4 reduced the degree of HGF/SF-media.ed prceetiou of MDA-MB-453 

cells to 50% or less of .ha, observed i„ nn.ransfec.ed or empty veetor-trausfee.ed eoutrol eells. 

On the other hand, expression of internally deleted or truncated C1P4 proteins did not inhibit eel. 

protection. These findings suggets a role for CIP4 in cell survival/apoptosis pathways, a finding 

that is not obvious based on its known activities and protein interactions. 

Although we have focussed on some of the more novel findings of this study, not all of 

the cDNA microarray and RT-PCR results were unexpected. For example, the finding that ADR 

up-regulates c-Myc mRNA expression and that the up-regulation was blocked by HGF/SF was 

not unexpected. We reported stmilar results based on Wetsern blotting of MDA-MB-453 cells 

(5). The transcription factor c-Myc has been implicated in a variety of cellular processes, 

including prohferation, differentiation, transformation, and apop.osis. Ovcr-expression of c-Myc 

renders cells more susceptible to apoptosis through both p53 dependent and p53-independe„. 

mechanisms (33,34). Thus, theoretically, down-regulation of c-Myc by HGF/SF in the setting of 

DNA damage, might be expected to confer protection against apoptosis. 

We had also reported tha, ADR down-regulates the protein levels of the an.i-apopto.ic 

protein Bcl-XL, whfie HGF/SF blocks the ADR-induced down-regulation of BcI-XL protein in 

MDA-MB-453 cells (1998). BcI-XL was no. present among the cDNAs spotted onto the 

microarrays slides utilized in this study. However, we examined the Bcl-XL mRNA expression 

by semi-quantitative RT-PCR analysis and found no ADR or HGF/SF alterations in Bc.-XL 

mRNA levels in multiple repeat assays (unpublished results). Thus, the alterations in BcI-XL 

protein levels probably occur through «ransiational or pos.-translational mechanisms. This 

finding suggests tha, some of the protection conferred by HGF/SF may be due to alterations in 

protein processing and metabolism. We had also noted tha. cell protection required a relatively 

long pre-incubation with HGF/SF of > 24 hr for some protection and > 48 hr for maxima. 
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. protection (5). This consideration suggests that the ability of HGF/SF to block the reduction of 

Bcl-XL protein levels induced by ADR might be due to alterations in the expression of genes 

involved in the processing or metabolism of Bcl-XL. 

Our findings suggest the viability of the eDNA mieroarray approach - coupled with 

additional studies to confirm gene expression alterations and functional studies to evaluate the 

significance of the findings - as a means of identifying novel and interesting genes tha, may be 

involved in HGF/SF eel, protection pathways. It ts likely that some of the genes for which 

expression was altered by HGF/SF in the setting of DNA damage are no, involved in cell 

survival or apoptosis pathways. Alterations in these gene products may reflect other activities of 

HGF/SF than promotion of cell survival, or may be a passive consequence of cell survival rather 

than a canse of survival. On the other hand, it is also likely that genes no. previously impltcated 

in cell survival or apoptosis mechanisms will be found to play roles in these processes (eg., 

cr?4). 
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Table 1. Primers used for semi-quantitative RT-PCR analyses. 

Gene Name 

ATM (ataxia tclangiectasia mutated) 

polycystic kidney disease-1 (PKD-I) 

lysyl hydroxylasc (LH) 

lactatc dehydrogenase type A (LDH-A) 

Ul snRNP70 

Vascular endothclial growth factor 
(VEGF) 

phosphoglyccratekinasel (PGK-I) 

c-Myc 

Cdc42-intcracting protein (CIP-4) 

S100A9(calgranu!inB) 

TNF-induciblc gene product B94 

51C (inosital-5'-polyphosphate 
phosphatase Iike-1, INPPL1) 
Primer Set #1 

51C (inosital-5'-polyphosphatc 
phosphatase like-1, INPPL!) 
Primer Set U2 
topoisomcrase binding protcin- 
(TOPBP1) 

Primer Sequences (5'-> 3') 

Sense: ctcagatggtcagaagtgttgaggc 
Antisensc: tacactgcgcgtataagccaatcgc 

Sense: ctcctatcttgtgacagtcaccgcg 
Antisensc: gtccagctgtaggagacgttggtgc 

protein ser/thr kinasc STK2 

protein tyrosine phosphatase (PTPN2) 

human Gu protein 

ß-actin 

ßrmicroglobulin 

Sense: cgtcgatccctaattggccaggcc 
Antiscns: aagatcgagctgtgcacagatgcc 

Sense: tagttctgccacctctgacgcacc 
Antisensc: tataacacttggatagttggttgc 

Sense: cgcagatggcaagaagattgatggc 
Antisensc: actccggctgcltcgccgcttccgg 

Sense: atgtctatcagcgcagctactgcc 
Antisensc: caagctgcctcgccttgcaacgcg 

Sense: ggtagtccttatgagccacctaggc 
Antisensc: cagccagcaggtatgccagaagcc 

Sense: cacatcagcacaactacgcagcgc 
Antisensc: gactcagccaaggttgtgaggttgc 

Sense: caagacatggatgaacgcagg 
Antisensc: gagatagtgccctcgctgg 

Sense: aggagttcatcatgctgatggcg 
Antisensc: tggcctggcctcctgattagtgg 

Sense: gagtgcagtggcctggtcatggc 
Antisensc: tcctgactcagcactgcagaggc 

Sense: cttccttcgattcagtgaggagg 
Antisensc: ccttatcaatgctgatccactcg 

Sense: tcagggcagtatctctctgcc 
Antisensc: accccaataatattaaggtgc 

Sense: cgacctagagtacactaatcgc 
Antisensc: gcttcctcattaaaccttgtgc 

Sense: caacttacagtgtgaaagctcgcc 
Antisensc: cttaaggttattaacaatagcagg 

Sense: ctaaggaagacttatctcctgcc 
Antisensc: tgtagcactgtcagttactagtg 

Sense: acaggcagagctggaaggac 
Antisensc: actgatgcggtaggtacatc 

Sense: tagcggggttcacccacactgtgccccatcta 
Antisensc: ctagaagcatttgcggtggaccgatggaggg 

Sense: ctcgcgctactctctctttc 
Antisensc: tgtcggatggatgaaaccag 

Gencbank 
Accession 
No. 
NM 000051 

NM 000296 

L06419 

X02152. 

NM 003089 

Position in 
cDNA 
Sequence 
8030-8757 

4528-521 

2372-2986 

1330-1628 

1700-2096 

XM 004512 

XM 010102 

K02276 

AJ0004I4 

NM 002965 

M92357 

L36818 

150-548 

250-1011 

1331-1847 

688-1550 

275-479 

3306-3944 

2062-2804 

Y14385 

NM 007027 

NM 003157 

NM 002828 

U41387 

XM 004814 

XM 007650 

4077-4522 

4630-5123 

2646-3144 

938-1359 

1636-2123 

541-1201 

41-176 

Expected Size 
of Product (bp) 

728 

684 

615 

299 

397 

399 

762 

517 

863 

205 

639 

743 

446 

494 

499 

422 

488 

661 

136 
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Table 2. PCR reaction conditions for semi-quantitative RT-PCR assays. 

phosphoglycerate kinase-1 (PGK-1) 
c-Myc 

94°C(lmin) 
94°C(lmin) 

51C [INPPL11 Pri^r Set #1 (74TbrÄ 
51C [INPPL11 Primer Set U2 (446>) 

human Gu protein 
ß-actin 

94°C (1 min; 
94°C (30 seel 
94°C (30 sec 

94°C (30 sec) 
94°C (30 sec) 

6Q!g(lmin);72°C(2minj_ 
lZ!C(lmin);72°C(lmin) 
ll0C(lmin);72°C(lrnin^ 

25 

6^Üj™n}J2^C£H™n)_ 
65°C(lmin);72°C(lmin) 
56°C(30sec);72°CrijWL 

56°C(30sec);72oC(1minJ 

11 
11 
31 

33 

55°C (30 sec); 72°C (] min^     30 
56°C (30 sec); 72°C (\ min^ 
54°C(lmin); 72°C(lmjn) 
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Table 3. Genes whose expression is increased in [HGF/SF+ADR]-treatcd cells relative to ADR alone. 
» 

Gene Name Function Ratio 
DNA damage response 
ATM (ataxia-tclangicctasia mulalcd) DNA damage signaling, nuclear Pl-3-kinase domain protein 2.9 ±0.0 
FEN1 flap cndonuclcasc-1, implicated in base excision repair pathway 2.1 +0.04 

cell cycle regulation 
CENP-F kinctochorc microtubulc motor protein, component of centromere 2.7 ±0.3 
Hs-cul-3 homology to cullin/cdc53 family, ? role in cell proliferation control 2.4 ±0.15 
HsGAK ubiquitously expressed pcrinculcar cyclin G-associatcd kinasc 2.3 ± 0.4 
NuMa gene (clone T33) nuclear mitotic protein, milotic centromere function 2.1 ±0.04 
cell growth regulator CGR19 Ring finger gene induced by p53 2.0 ±0.2 
cyclin G2 may mediate protcolysis of Gl family cyclins 1.9 ±0.2 

signal transduclion-related 
RHO B transforming protein cndosomal Rho protein, roles in receptor trafficking and apoptosis 4.0 ±1.7 
dual specificity tyr phosphorylat. regulated kinasc homolog or Drosophila kinasc midbrain, ? role in brain development 2.1 ±0.2 
CSaids binding protcin-1 [CSBP11 aka. p38, homolog of yeast Hogl MAPK, stress response signaling 2.1 ±0.15 
protein phosphatase PPP2R2A [PR53] 53 kDa regulatory subunit of scr/thr protein phosphatase 2A 1.9 ±0.2 
RAB5A ras-relatcd small GTPasc, regulator of vesicle trafficking 1.6 ± 0.1 

protein and RNA metabolism 
lysyl hydroxylase [LH1, aka. PLOD] collagen modification, defective in Ehlcrs-Danlos syndrome VI 2.4 ± 0.7 
elF3 eukaryotic translation initiation factor 2.2 ±0.3 
Ul snRNP70 (small nuclear ribonuclcoprotein) associated with RNA processing and ubiquitination 2.1 ±0.3 
SAP49 spliceosomal associated protein, RNA processing 2.1 ±0.5 
cellular and nucleic acid binding protein 2.0 ±0.3 
SNC19 putative novel human serine protease mapping to chr. 1 lq24-25 1.9 ±0.2 
beta COP Golgi transport protein, component of COTI complex 1.8 ±0.02 

cytokine and cytokine-induced 
vascular endothelia! growth factor (VEGF) stimulates cndothelial cell proliferation and angiogencsis 2.8 ±0.9 
VEGF-relatcd protein [VRP] FLT4 ligand, VEGF family protein 2.1 ±0.4 
interfcron-induced 17 kDa protein precursor of 15 kDa protein homologous to ubiquitin 1.8 ±0.2 

development and differentiation 
keratin 17 soft epithelial keratin 9 (eg., hair follicle) 3.8 ± 1.5 
B4-2 protein prolinc-rich natural killer cell protein 2.6 ±0.8 
keratin 19 intermediate filament protein 2.5 ±0.7 
lroquois class homcodomain protein IRX-2a transcription factor involved in embryonic patterning, rcgionalization 2.3 ±0.4 
polycystic kidney disease-1 [PKD1] component of cadherin-catcnin complex, endothclial survival 2.0 + 0.4 
cancellous bone osteoblast mRNA expressed in osteoblasts, function unknown 2.0 ±0.1 
SM22a homolog [TAGLN2] marker of differentiated smooth muscle (SM)-like cells 1.7 ± 0.2 

transcripional regulation 
RIP140 nuclear receptor-interacting protein, transcriptional coactivator 2.1 ±0.1 
hkf-1 novel zinc finger protein isolated from a brain cDNA library 2.1 ±0.0 
DGS-1 DiGeorge (velocardiofacial) syndrome candidate gene 2.0 ±0.45 

general cellular metabolism 
lactate dehydrogenasc-A [LDH-A] enzyme involved in anaerobic glycolysis 4.1 ±1.0 
phosphoglyccrate kinasc [PGK1] glycolytic enzyme, induced by hypoxia-induciblc factor MIF-1 4.0 ±1.4 
hexokinasc-1 early glucose metabolic enzyme 2.2 ±0.3 
glucosylccrarnidase precursor degradation of GlcCer, mutated in Gauchcr's disease 2.0 ± 0.4 
phosphoglyccrate mutase 1 [PGAM1] late glycolytic pathway enzyme 1.7 ± 0.25 

cytoskeletal and structural proteins 
czrin-radixin-mocsin phosplioprotcin 50 [EI31'50| PDZ phosplioprotcin, linkage of cell membrane to cytoskclcton 3.8 ± 1.0 
p!6-Arc[ARC16] Arp 2/3 complex subunit, control of actin polymerization 1.8 ±0.1 

miscellaneous and unknown function 
XAP-5 unknown function 3.1 ±0.7 
OriP binding protein [OBP1] binds to Epstein Barr virus replication origin 2.1 ±0.2 
JTV-1 gene overlapping PMS2, function unknown 1.9 ±0.2 
MAC30(3'end) meningioma expressed protein 1.9 ±0.2 
Sm-like (CaSm) cancer-associated Sm motif-like domain protein 1.7 ±0.2 



Table 4. Genes whose expression is decreased in [HGF/SF+ADR]-treated cells, relative to ADR alone. 

Gene Name 
DNA damage response 
P glycoprotein 3/MDR3 fPGY31  
topoisomerase binding protein-1 [TOPBP1] 

cell cycle regulation 
c-Myc 
C1P4 (cdc42-interacling protein) 
ras inhibitor (3' end) 

signal transduction-related  
180 kDa transmembranc PLA2 receptor 
protein tyrosine phosphatasc PTPN2 
proto-oncogene c-mer [MERTK] 
protein serine/threonine kinase STK2 
51C[INPPL1] 

apoptosis-related 
CD4QL receptor 

protein and RNA metabolism 
human Gu protein 
cathepsin K. precursor 

cytokinc and cytokine-induced 
B94   

tazarotene-induced gene 2 [T1G2] 
IGF-1 (somatomcdin-C)  
FGF-7 (fibroblast growth factor-7) 

development and differentiation 
none 

transcriptional regulation 

general cellular metabolism 
none 

cytoskelctal and structural proteins 
S100A9(calgranulin B) 
human triadin 

vascular cell adhesion molecule VCAM1 
nnkyrin G 

Miscellaneous and unknown function 
hORC2L (origin recognition complex) 
CHD2        " ~ 

Rip-1 (Rev-interacting protein) 

Function Ratio 

homolog of multidrug resistance protein MDR-1, drug transport 
BRCT domain protein, binds DNA topoisomerase 11B 

proto-oncogene, functions in growth, differentiation, apoptosis 
interacts with Wiskott-Aldrich protein, localized in cytoskelcton 
effector or regulator of H-Ras activity 

receptor for secretory phospholipascs A2, internalizes PLA2 
aka. PT PTP (T cell protein tyrosine phosphatasc) 
member of Axl subfamily of receptor tyrosine kinases 
homolog of cell cycle regulatory kinase NIMA 
inositol poiyphosphate-5'-phosphatasc-like(aA-a. SH1P-2) 

receptor for CD154, member of TNF death receptor family 

RNA hclicasc, member of DEXD box family, target of adriamycin 
lysosomal acid cysteine protease, mediates proteolysis of bone 

TNF-induced gene product, unknown function 
novel retinoid-responsivc gene, deficient in psoriatic skin 
insulin-like growth factor-1 
aka. keratinocytc growth factor, epithelial-specific growth factor 

secretory protein, ? roles in inflammation, eicosanoid metabolism 
integral membrane protein, binds calsequestrin  

lg superfamily, interacts with ot-4 integrins, cell trafficking 
axon nodal protein involved in assembly of specialized structures 

putative replication initiation protein 
chromodomain hclicasc DNA-binding protein 2 
interacts with HIV Rev protein, ? function 

0.51 ±0.07 
0.61 ±0.05 

0.41 ±0.04 
0.42 ± 0.08 
0.60 ± 0.07 

0.51 ±0.05 
0.57 ±0.17 
0.57 ±0.10 
0.60 ± 0.05 
0.61 ±0.10 

0.57 ± 0.08 

0.46 ±0.01 
0.49 ±0.10 

0.56 ± 0.07 
0.57 ± 0.02 
0.58 ± 0.02 
0.59 ±0.07 

0.42 ± 0.25 
0.58 ±0.16 
0.58 ± 0.07 
0.59 ±0.13 

0.58 ±0.05 
0.60 ±0.13 
0.67 ±0.01 
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Table 5. Genes whose expression is altered in HGF/SF-treated cells, relative to untreated control 

Gene Name 
Gene products increased in HGF/SF treated cells 
interleukin-8 (IL-8) 

(clone ch13 lambda 7) g-tubulin 
cyctochrome c oxidase Vile subunit rCOX7Cl 
tubulin ß-1 chain  

Gene products decreased in HGF/SF-treated cells 
51C [INPPL1] " ~  

il-TMP (intcstinc/livcr tetraspan protein) 
integrin oc-8 subunit, 3' end 
topoisomerase ÜB [TOP2B1 

corticotrophin releasing factor receptor precursor 
osteoblast mRNA for osteonidogen 
Janus kinasc [JAK1" 
MutS homolog 3 [MSH3] 

Function 

pro-inflammatory & angiogenic cytokine, ncutrophil chemotaxis 
microtubule protein ~ ~ —  

subunit of COX holocnzymc, mitochondrial energy production 
microtubule protein " ~        " 

inositol polyphosphatc-5'-phosphatasc-likc(aAa, SHIP-2) 
integral membrane protein, density-dependent growth regulation 
integrin expressed in developing brain and mesangial cells 
nuclear enzyme involved in DNA replication and transcription 
mediates release of corticotrophin (ACTH) 
basement membrane component, entactin/nidogen family 
mediates tyrosine phosphorytation of STAT1 
DNA mismatch repair enzyme 

Ratio 

1.6 ±0.01 
1.6 ±0.02 
.5 ±0.01 

1.5 ±0.01 

0.43 ± 0.0 
0.57 ±0.13 
0.58 ± 0.02 
0.65 ±0.01 
0.69 ±0.01 
0.69 ± 0.05 
0.70 ±0.01 
0.72 ±0.01 



FIGURE LEGENDS 

Fig. 1. Illustration of cDNA microarray grids comparing gene expression in MDA-MB-453 

cells treated with [(HGF/SF+ADR) vs ADR alone] (top panels) or with [HGF/SF vs 0 

(control)] (bottom panels). The panels on the right show magnified views corresponding 

to the boxed regions of the array on the left. cDNAs isolated from cells treated with 

[HGF/SF+ADR] or HGF/SF were labeled with Cy5 (red dye), while cDNAs from cells 

treated with ADR alone or 0 were labeled with Cy3 (green dye). Spots showing red (or 

green) fluorescence correspond to genes over-expressed (under-expressed) in cells treated 

with [HGF/SF+ADR] relative to ADR alone and with HGF/SF relative to 0. Yellow spots 

correspond to genes equally expressed under the conditions being compared; while the 

absence of fluorescence indicates genes under either experimental condition. Note that 

alterations in gene expression, indicated by red or green spots, are more prominent in the 

comparison of [(HGF/SF+ADR) vs ADR] than [HGF/SF vs 0]. 

Fig. 2. Semi-quantitative RT-PCR analyses of genes for which expression was increased in 

MDA-MB-453 cells treated with [HGF/SF+ADR] relative to ADR alone. Subconfluent 

proliferating cells were pre-incubated ± HGF/SF (100 ng/ml x 48 hr), treated ± ADR (10 

\xM x 2 hr), washed x 3 to remove the ADR, and post-incubated for 72 hr in fresh drug-free 

medium, as described in the text. RNA was collected, and RT-PCR assays were performed 

(see Materials and Methods section and Tables 1 and 2 for methodological details), ß-actin 

and ß2-microglobulin were utilized as controls for loading. The amplified PCR products 

were quantitated by densitometry and expressed relative to ß-actin, as a percent of the 

control (0 HGF/SF, 0 ADR). 
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Fig. 3. Semi-quantitative RT-PCR analyses of genes for which expression was decreased in 

MDA-MB-453 cells treated with [HGF/SF+ADR] relative to ADR alone. Assays were 

performed as described in Fig. 2 legend. Note that %1C was analyzed using two 

completely different sets of PCR primers. 

Fig. 4. Effect of genetic manipulation of cdc42-interacting protein (CIP4) expression on 

HGF/SF-mediated protection of MDA-MB-453 cells. 

A. Schematic diagrams of CIP4 expression vectors. The human CIP4 cDNAs were cloned 

into the pRKS-myc mammalian expression vector, which provides an amino-terminal myc 

epitope tag. 

B. Expression of wild-type and mutant CIP4 proteins. Cells were transfected with the 

different CIP4 expression vectors as described below (panel C), and the dishes were 

incubated for 24 hr to allow expression of the encoded proteins. Proteins of the expected 

sizes were detected by Western blotting, using an antibody against the myc epitope tag. 

Cells transfected with the empty pRK5-myc vector showed no myc-tagged proteins. 

C. Effect of transient expression of wild-type (wt) and mutant CIP4 proteins on HGF/SF- 

mediated cell protection.    Subconfluent proliferating cells in 100 mm dishes were 

transiently  transfected  overnight  with   10   ug  of each  vector,   in  the  presence  of 

Lipofectamine.    Cells were washed, subcultured into 96-well dishes, pre-incubated ± 

HGF/SF (100 ng/ml x 48 hr), exposed to ADR (10 or 20 uM x 2 hr), washed, post- 

incubated for 72 hr in fresh drug-free medium, and assayed for MTT dye conversion. Cell 

viability values (means ± SEMs) are based on ten replicate wells. For each experimental 

condition, cells treated with [HGF/SF+ADR] showed higher viability than those treated 

with ADR alone (PO.001, two-tailed t-test). The viability of cells transfected with wtCIP4 

and treated with [HGF/SF+ADR] was significantly reduced, compared to similarly treated 

untransfected or empty vector-transfected cells (P<0.001). 
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Cell lines from the same cervical carcinoma 
but with different radiosensitivities exhibit 
different cDNA microarray patterns of gene 
expression 
M.P. Achary,a W. Jaggernauth,3 E. Gross,8 A. Alfieri,b H.P. Klingerc and 
B. Vikrama 

a
Department of Radiation Oncology, Albert Einstein College of Medicine of Yeshiva University, and Montefiore Medical 

Center, Bronx;b Department of Radiation Oncology, Beth Israel Medical Center, New York; 
c Department of Molecular Genetics, Albert Einstein College of Medicine of Yeshiva University, Bronx, NY (USA) 

Dedicated to Professor Dr. Ulrich Wolf on the occasion of his retirement. 

Abstract. Combining chemotherapy with radiotherapy has 
improved the cure rate among patients with cancers of the cer- 
vix. Although one-half to two-thirds of the patients can be 
cured by radiation alone, such patients cannot be identified at 
present and must therefore suffer the burden of chemotherapy. 
Our long-range goal is to identify those cervical cancers that are 
radiosensitive and could be cured by radiotherapy alone. The 
advent of methods that permit the simultaneous analysis of 
expression patterns of thousands of genes, make it feasible to 
attempt to identify the molecular events related to radiosensi- 
tivity and the associated regulatory pathways. We hypothesize 
that the sensitivity of tumor cells to ionizing radiation (IR) is 
determined by the level of expression of specific genes that may 
be identified with the aid of cDNA microarrays. As the first 
step in testing this hypothesis, we determined the gene expres- 
sion differences between two cell lines exhibiting different 
degrees of radiosensitivity. These were derived from the same 
tumor prior to treatment from a patient with squamous cell 
carcinoma of the cervix. The mRNA from these cells was sub- 
jected to cDNA analysis on a microarray of 5,776 known genes 

and ESTs. The expression of 52 genes of the total of 5,776 was 
elevated (maximum 4.1 fold) in the radioresistant cells as com- 
pared to the radiosensitive cells. Ten of the 52 sequences are 
known genes while 42 are ESTs. Conversely, the expression of 
18 genes was elevated in the sensitive cells as compared to the 
resistant cells. Seven of these 18 are known genes while eleven 
are ESTs. Among the genes expressed differentially between the 
resistant and sensitive cells were several known to be associated 
with response to IR and many more genes and ESTs that had 
not previously been reported to be related to radiosensitivity. 
The genes that showed the greatest overexpression in the 
radioresistant cell line were metal-regulatory transcription fac- 
tor-1, cytochrome P450 CYP1B1, adenomatosis polyposis coli, 
translation elongation factor-1, cytochrome-c oxidase, whereas 
in the sensitive cell line, transcription factor NF-kappa-B, 
metalloproteinase inhibitor-1 precursor, Superoxide dismutase- 
2, insulin-like growth factor binding protein-3, guanine nucleo- 
tide-binding protein and transforming growth factor beta- 
induced protein were overexpressed. 
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apy. The advent of microarray gene expression technology per- 
mits the simultaneous analysis of the levels of expression of 
thousands of genes. Thus, the study of molecular genetic events 
that are related to radiosensitivity can be examined. This may 
also lead to identifying genes and gene regulatory pathways relat- 
ed to the resistance of cells to therapeutic procedure. One of our 
long-range goals is to use this technology to identify those can- 
cers that are radiosensitive and can thus be cured by radiothera- 
py alone. Another goal is to identify those cancers that are not 
controlled by the combined therapy and thus hopefully identify 
molecular targets for the development of therapeutic strategics. 

We hypothesize that the sensitivity of tumor cells to ioniz- 
ing radiation (IR) is dependent on alterations in the expression 
of specific genes. As the first step in testing this hypothesis, we 
determined the differences in the gene expression profiles of 
two cervical cancer cell lines derived from the same tumor but 
exhibiting very different degrees of radiosensitivity. We pre- 
sent the results in this report. 

Materials and methods 

Cell culture 
Several cervical cancer cell lines that were derived prior to treatment by 

punch biopsies from patients with cervical cancers were kindly provided to 
us by Dr. Richard A. Britten of Cross Cancer Institute. Edmonton. Canada. 
These were in the fourth to fifth passage. For this report we used one pair of 
cell lines derived from the same tumor (HT137). These cell lines were cul- 
tured in the same way as described by Allalunis-Turncr et al. (1991) and 
Britten et al. (1996). Dulbecco's modified Eagle's medium supplemented 
with 15% fetal calf scrum and antibiotics was used. The cells were subcul- 
turcd every 4-5 days to ensure exponential growth. 

Clonogenic cell survival 
Following the procedures of Britten et al.( 1996) clonogenic survival tests 

were performed. Briefly, cells were plated in 100-mm petri dishes at known 
densities and after 4-6 hr the cells were exposed to 2 Gy of radiation using a 
linear accelerator (Clinac 6-100, Varian oncology systems, Palo Alto CA). 
After 2 weeks the surviving colonies were stained with crystal violet solution 
and stained colonies containing more than 50 cells were counted. The surviv- 
ing fraction (SF) after exposure to 2 Gy for the HT137R cells was thereby 
determined to be 0.67, and 0.35 for the HT137S cells. 

Microarray sample preparation 
The cDNA microarray chips and the image scanning programs were 

developed in the Genome Microarray Facility of the Albert Einstein College 
of Medicine. The human cDNA microarray chips used in this study each 
contain 5,776 cDNA sequences representing arbitrarily selected known 
genes, housekeeping genes and ESTs. The cDNA sample from the radiation 
sensitive cell line HT137S was labeled with the fluorescent dye. Cy5 (red) 
and that of the resistant cell line HT137R was labeled with Cy3 (green). A 
customized ScanAlyse program (Eisen et al., 1998) was used for post-acquisi- 
tion processing and for database mining functions. The fluorescent signals 
representing hybridization to each arrayed sequence were analyzed to deter- 
mine the relative amount of mRNA that hybridized with each sequence in 
both samples. Full details of the procedure are given on our website: http:/ 
/sequence.aecom.yu.edu/bioinf/funcgenomic.html. 

Synthesis of labeled cDNA probe 
One hundred micrograms of total RNA each were isolated from the 

HT137S and HT137R cell pellets using the Qiagcn RNeasy extraction kit. 
The RNA samples were incubated separately with Oligo dT12-18 at 65 °C 
for annealing of oligo primers. Two mixtures were prepared, one containing 
first strand buffer, DTT low dNTP mix, RNAsin and the fluorochromc Cy3 
for HT137R cells. The second mixture was the same except that Cy5 was 
used for the HT137S cells. To these mixtures reverse transcriptase (RT, BRL 

Table 1. Fifty-two genes and ESTs (out of the total 5,776) whose expres- 
sion was elevated at least two-fold in the HT137R (Resistant) cells compared 
with the HT137S (Sensitive) cells 

GB Accession number Description of gcncs/ESTs 

T72724 EST 
T809I7 EST 
R79518 EST 
H83358 EST 
N42169 EST 
N43977 EST 
W90242 EST 
AA004354 EST 
AA00492I EST 
AA004570 EST 
AA005086 EST 
AA010280 EST 
AA203495 Metal-regulatory transcription factor-1 
H21756 EST 
H06460 EST 
W02900 Cytochromc P450 CYP1B1, dioxin-inducible 
N904S5 EST 
R00760 EST 
R23082 EST 
R33908 EST 
N28450 EST 
H29191 Adcnomatosis polyposis coli, alt. Splice-1 
T83093 EST 
R69208 EST 
H82175 EST 
N33565 EST 
T99685 EST 
R31339 EST 
R37928 EST 
H20450 EST 
H40309 EST 
N49030 EST 
N3650I Phosphodicstcrase 
N28330 Glycoprotcin MUC18. alt. Splicc-2 
N28369 EST 
N78414 EST 
T79703 EST 
T85390 EST 
T86312 EST 
T86.3I5 Neurotoxin, eosinophil-derivcd 
T87438 EST 
AA190599 Translation elongation factor-1, gamma 
HS3614 EST 
AA028I23 EST 
H2II67 EST 
H46937 EST 
R83166 EST 
R92654 EST 
N3I224 Glycoprotein MUCI8. alt. Splice-3 
N99222 EST 
H52746 Cytochromc -c oxidasc. IV subunit 
AA 146629 Catcnin. alpha 2(E). alt. Splicc-I 

Superscript II) was added and incubated at 42 °C for 2 h. Then, to inactivate 
the RT, the tubes were heated at 94°C. The volume of this mixture was 
increased to 100 ul by adding buffered RNAsc 1 and incubated at 37°C to 
digest any RNA not converted to cDNA. Then the contents of both the tubes 
were mixed and passed through Microcon YM 50 retention columns. The 
probe was collected and the volume adjusted to 6.5 ul. 

Array slide preparation 
The microarrays on slides were vapor moistened and quickly exposed to 

200 mJ total energy in a UV Stratalinkcr. The slides were moistened again 
over boiling water and quickly dried on a hot plate. They were then treated 
with succinic anhydride solution for 15 min, rinsed in 0.1 % SDS followed by 
water, and placed in a 95°C water bath for 3-5 min after which they were 
dipped into ice-cold cthanol. Excess ethanol was removed from the slides by 
spinning the rack of slides at 500 rpm. 
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Fig. 1. A portion of the ScanAlyse picture from the cDNA microarray. The green spots represent genes whose expression is 
two-fold or greater in the HT137R cells than in the HT137S cells. The red spots represent genes whose expression is two-fold or 
greater in the HT137S cells. The yellow spots represent genes that are nearly equally expressed in both types of cells. The violet 
spots are "flagged" spots, i.e. those with dust/specks or similar artifacts. These are flagged to avoid their inclusion in the analysis. 
Circular customized grids covering each of the 5,776 spots are superimposed on the ScanAlyze spots, to assure the import of the 
correct color intensity of each spot area into an Excel file for data analysis. 

Prehybridization of slide and probe 
Prehybridization solution (20 ul, containing formamide, SSPE, SDS, 

Denhardt's solution and salmon sperm DNA) was placed on the array and 
covered with a coverglass. The slides were placed in a chamber and prehy- 
bridized at 50 ° C for one hr. Simultaneously the probe was prehybridized at 
50 ° C for 1 h. For prehybridization the 6.5-ul probe was mixed with blocking 
solution (human cot-1 DNA, SDS, Denhardts and SSPE solution) to bring 
the volume to 20 ul It was then heated, centrifuged and incubated as 
described above. After 1 h both the slides and the probe were ready for 
hybridization. 

Hybridization and washing the slides 
The prehybridized probe (20 ul) was dropped on the array region of each 

slide and a fresh coverslip was placed over the slide. Hybridization was per- 
formed overnight at 50 °C. 

For washing the slides were placed in a glass slide holder containing 
1 x SSC and 0.1 % SDS at room temperature, where the coverslips fell off. 
The slides were then removed and placed in another slide holder containing 
500 ml of 0.2% SSC and 0.1 % SDS for 15 min. The slides were then trans- 
ferred to another chamber, containing 0.2 x SSC for 20 min, after which they 
were ready for scanning. 

Analysis of microarray results 
The hybridization signals were scanned with a laser confocal scanner 

which generates 2-color TIF images. Scans for the two fluorescent probes 
were normalized to the fluorescence intensity of beta actin and GPDH (Hel- 

ler et al., 1997) and the ratios of the fluorescence intensities of all the spots 
was determined. Intensities for each spot in each channel were calculated 
after subtraction of the background. Background "noise" was reduced by 
using a 2-standard deviation cutoff on all expression values in order to identi- 
fy only those genes with significantly different expression (Chen et al., 1997; 
Eisen et al., 1998; Amundson et al., 1999; Duggen et al., 1999; Lee et al., 
1999; Pollack et al., 1999). Red spots represent genes whose expression in the 
HT137S cells is at least double that of the HT137R cells. Green spots repre- 
sent those genes whose expression was double in the HT137R cells as com- 
pared to the HT137S cells, whereas yellow spots represent genes whose 
expression was similar in both the cell lines (Fig. 1). Genes and ESTs had to 
be expressed at similar fluorescent intensity ratios in at least two microarray 
hybridizations to be included in the analysis. 

Results 

The expression of 52 genes (0.9 %) out of the total 5,776 was 
elevated (2-4.1 fold) in the HT137R cells as compared to the 
HT137S cells (Table 1). Ten of these 52 are known genes, while 
42 are ESTs. Conversely, the expression of 18 genes was ele- 
vated 2-2.9 fold in the HT137S cells compared with the 
HT137R cells (Table 2). Seven of these 18 are known genes 
while 11 are ESTs. The genes that showed the greatest overex- 
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Table 2. Eighteen genes (out of the total 5,776) whose expression was 
elevated at least two-fold, in the HT137S (Sensitive) cells compared with the 
HT137R (Resistant) cells 

GB Accession number      Description of genes/ESTs 

R86053 
R97630 
N67954 
R78823 
AA001324 
T99143 
N57354 
AA143155 
R75975 
R25247 
R38114 
R80595 
N31417 
N28758 
R78657 
N42864 
AA002I25 
AA037281 

Transcription factor NF-kappa-B 
Alcohol dehydrogenase-l, class 1, alpha polypcptide 
EST 
EST 
EST 
EST 
EST 
Superoxide dismutasc 2, mitochondria!, alt. Splicc-1 
Monocytc chcmotactic protein -1 
EST 
EST 
EST 
Insulin-like growth factor binding protein 3 
EST 
Guanine nucleotide-binding protein HM89 
EST 
EST 
Transforming growth factor beta-induced protein 

pression in the radioresistant cell line were metal-regulatory 
transcription factor-1, cytochrome P450 CYP1B1, adenomato- 
sis polyposis coli, translation elongation factor-1 and cyto- 
chrome-c oxidase, whereas in the sensitive cell line, transcrip- 
tion factor NF-kappa-B, mctalloproteinase inhibitor-1 precur- 
sor, Superoxide dismutase-2, insulin-like growth factor-binding 
protein-3, guanine nucleotide-binding protein and transform- 
ing growth factor beta-induced protein were overcxpressed. 

Discussion 

It is clear from the results that cell lines from the same 
tumor but with different radiosensitivities exhibit different 
patterns of gene expression. Having determined that such dif- 
ferences exist the next question to be answered is to what extent 
are these gene expression alterations related to radiosensitivity. 
We hope to be able to answer this question by examining a larg- 
er series of similar cell lines and also radiosensitive and radiore- 
sistant primary cervical carcinomas. If the same specific genes 
have altered expression in many different cases then this would 
be evidence that they are related to the cell's response to radia- 
tion. It is encouraging that among the genes expressed differen- 
tially between the resistant and sensitive cells in this study were 

several that are known to be associated with the cell's response 
to IR. These are: transcription factor NF-kappa-B, Superoxide 
dismutase-2, insulin-like growth factor-binding protcin-3, 
guanine nucleotide-binding protein, and transforming growth 
factor beta-induced protein (Arnold et al., 1999; Kawai ct al., 
1999; Epperly et al., 2000; Kuninaka et al., 2000; Williams ct 
al.. 2000). As noted there were also a number of genes and ESTs 
which have previously not been reported to be related to radio- 
sensitivity (Tables 1 and 2). Their importance in conferring the 
radioresponsc phenotype to a cell will clearly require much 
more extensive studies, particularly because the phenomenon 
appears to be fairly complex involving several genes and gene 
pathways. As an example. IR-induced patterns of gene expres- 
sion may vary according to the cellular context as demonstrated 
by Amundson et al. (1999) who studied IR-induced gene 
expression in human mycloid ML-1 cells using a microarray 
consisting of 1,238 gene sequences. They found that 48 se- 
quences (including 30 not previously identified as IR-rcspon- 
sive) were significantly influenced by IR. Induction by IR of a 
subset of these genes was examined in a panel of 12 human cell 
lines, and it was observed that the responses varied widely in 
cells from different tissues of origin and different genetic back- 
grounds (Amundson et al.. 1999). 

Like many other investigators we have regarded as signifi- 
cant only those genes whose expression was altered by at least a 
factor of two. However, we recognize that this cutoff point is 
arbitrary and that there may be important genes involved 
whose expression was altered by less than a factor of two. 
Another limitation of this study is that the microarray utilized 
consisted of only 5,776 arbitrarily selected known genes, house- 
keeping genes, and ESTs. This limitation can now be overcome 
since microarrays with much larger numbers of genes arc now 
available. In addition, customized arrays are becoming avail- 
able with genes known to, or suspected of, participating in the 
process under study. An example of the successful application 
of the latter approach is the recent demonstration with a "lym- 
phochip" that large-cell lymphomas responding well to CHOP 
(cyclophosphamide. doxorubicin, vincristinc, and prcdnisonc) 
chemotherapy could be distinguished from those responding 
poorly (Alizadeh et al., 2000). 
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Abstract 

odcHccnt mice. Differentia! display RT-PCR was mIHT M T* fW tumori8cni<% in immun- 
expression between normal and Lo i eniclr0o,n ^J diffCrCnCeS in mcssc"S<* RNA 
same individual. Four unique product^ t were!? ?™ (FP>derivcd «broblasts from the 
were apparently ^Ü^^^«««!««- m FP and three t a 

■rmed for three products by Northern b ott ng TI^T f"*"™ **P™0n was ™- 
quencc matches to the known mammaiia^ elfuil Z K^^ ^"^ Sh°WCd CXtCnsive se" 
■on factor. The product that was inSSZS^^^^^«^^'»te™""^ 
hrombospondin, a known tunuwupproS^ ** mammalian ' 

fal gene sequences identified are novel anff£^'*«a*«^l» 
anayze their identities. These results, hc^S^^T- ^^"^ t0 fur'her 

determme the role of each of these gene products in FP ^ndatl.0n for furt1^ investigation to 
The potential for some of these produces to sem « i£ T*?"*CcIlu,art^sformation. 
Elsev,er Science Inc. All-rights reserved bl°mar-CrS for FP is di^^scd.   © 2001 

1. Introduction 

ci^lT* tUrt,e' Chd0nia "^is an endangered soe 

lence of fibropapilbm tosis^, H" *" "^^ preVa' 

Proportion of™*!/fcSd ÜST,? ' ?"* 

* Corresponding author. Tel, 718-430-8553; fax: 718-430 855fi 
^m/fl^eWherbst@accon1.yu.edU(L.H.ke7bst). 

0165-4608/01/$ - sec front matter © ?nnt PI.   •   o • 
W»:-SOI65-4608(OI)0042Mi «v.crSccncc tnc. All rights reserved. 

male comparative studies of these cells rtiffi™i i' 
elucidate the molecular hasü offf fiLif,  ' ^ '° 
tee cells should be differemilTf ' p""'ferati°". 

i erences m gene expression between closely matched 

other transforming events. g ny 



2. Materials and methods 

2.1. Cell lines 

A. Pai?r°u "!fhCd £arly pasSaSe tumor a*d normal skin- 
denved fibroblast lines derived from green turtles with x- 
penmentally induced FP were propagated at 30°C 7n a 5% 

M?2MW,°9P ^^ DUlbeCC° M0dified EaSle M^ia (D- 
S NY m^ment? With 10% FBS (GIBC0' G^ 
wStnanH^ } "* ^"^ PreVi°U^ ^ Cult^S were expanded to approximately 6X107 cells. Cells were 

fmMEDTA^TTif11 harV£Sted Wkh °-25% fcypsin- 1 mM EDTA in Hank Balanced Salt Solution (HBSS) The 
cells were washed in HBSS and approximately 5X10? cell 

cens'we: ,DNA 3nd RNA CXtraCti0ns' and 1-5X ' 
rtLlul rt  " tUm°rigenici* -«ays to confirm their 

ÄSg^raimng ce,is were cryoprese-d «* *- 
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2.2. In vivo tumorigenicity 

Tumongenic potential of both tumor and normal skin- 

pmna and the mice were observed weekly for a  leas  4 
months for evidence of tumor development 
2.J. ZWA extraction 

ina^/"? PrCpared fr0m approximately 1X107 cells us- 
r^SP?l hfoS" Pr0teinaSe K digeSti0n folI°wed by pheno ■ 
'^ ^ ' tation°pr:iSOamyl *h01 £XtraCti0n and eto« 

2.4. RNA extraction 

Total RNA was extracted from 3X107 cell usinff a RNA 
«traction kit (Stratagene, La Jolla, CA USA- #Tffn^f 
per manufacturer's protocol. '       °345) ^ 

2.J. Differential message display RT-PCR 

RlÄ^r PrePaJati0nS Were *** "** „.fre DNA_se t0 remove possible chromosomal DNA 

RNArCes-b   6 CDNA ^ SyntheSi2ed from *eZ 
SÄ^S"6- ^^P11011 USing 4 Sets of de- generate anchored(3') primers (T12MN) where M is G A 

Z !PS      ?'eaCh pnmer cognized l/12th of the to- 

mlZ TT:Partial cDNA sequences were -P* ned using 5 end primers, corresponding 3' end nrimL 

fied The 5 primers were arbitrary decamers allowinfan- 

Ä POiTS.t0 bC rand°mly distribu^ in dSce 
from the polyA tail. The 5' primers were designed to max? 
mally randomize the 3' end with a fixed 5' Ä 
amphfication short 100-500 bp cDNA sequences w eTp" 
arated on polyacrylamide sequencing ge,s. The p*ducts 

from tumorigenic and normal cells were run on adjacent 
lanes, allowing side-by-side comparison of the mRNA ex- 

ZTn PTu °f tUmori8enic ve™ normal skin fibro- 
tll ^ rrC PreSent in °ne cdl line ** absent in the other were cut from the gel, cloned into pGEM easy vec- 
tor systems (Promega Corporation; Cat# TM042) and se- 
quenced manually. 

2.6. Northern blotting 

Cloned DD-RTPCR products were ^P-dTTP labeled and 
used as probes on Northern blots to verify diffeen iai S 

pairs of cell lines (FP and normal) were run on agarose gels 
and ^blotted onto nitrocellulose membranes. Probe's were hy 
bndized for 72 h at 42°C and washed in 2X SSC [7]. 

3. Results 

The cultured tumor-derived fibroblasts were morpholog- 
ically indistinguishable from cultured normal fibToblasl 
under hght microscopy as observed previously [5] TneH> 
derived fibroblast lines, however, were tumorig nkwnln 
injected into m the ears of Rag2 -I- or säcUscid mice 

peSd'to he iZ y      d SeVeral CDNA Segments Aat ap- peared to be either overexpressed or underexpressed in vitro 

la sXgenCo^fibr°,blaStS COmpared to no™al ^ro- blaste (Fig. 1) Of these four unique overexpressed products 
(ranging in size from 189 to 412 bp) and three underex 
pressed products (193-401 bp) were Led SZ^ 

3.1. FP overexpressed transcripts 

quen^tgslsTO   ?f h°m0loSies t0 expressed se- 
aH of tif ^     1    d Sh°rt C°ding reSions were found for 
Sl1L22^-5rodUClS;llOWevcr- CXtensive match" of the 
w  eS?    U? SeqUenCe t0 3' CDNA of ^wn gene 
LHHCM8 3f B°ot T:' ^ Pr°dUCtS (LHHCM4 5 and ™-3)' Both of ftese were confirmed by Northern 

^2^zr:xrvin tumor compared to «S 
4S;U lW° Cl°neS (LHHCM2-2 and LHHCM7- 

JMidv,t show any homology in the GeneBanlc and surnri 
mgly their differential expression could not be detect^ t 

s:s Timents in ei*er tu- ™ rmrqblast RNA under the conditions used. Repetition of 

mS ST WiA CXCeSS am°UntS of RNA wü dete . mine if these tonsenpts are actually low in copy number 
Thefirst31 nucleotides of product LHHCM8-3 (386 bp) 

had sense.strand homology to the 3' end of pig an "human 
beta-hexosaminidase (X92379.1 and HUMHISTrespec 

oueyi Z?: putative
fr°

acid s« wÄ 
lautem^ ™mUS °f beta-hex^aminidase transcript of 

c d Son of i f, T  ^man (P06865)- A Putative amino 
SKJ      ^ l0nS had 21/51 (41%) amino acid 
mS   ^ ™mS °f ^ mouse hexosaminidase 
mRNA. The remaining portion of product LHH8-3 was a 
non-peptide sequence. ■ S a 
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1       2 3 

..A« s .öS0; KS arby fferemiai message *** 
skin derived fitobl«, c^i™'7°'natehed *»»»"»<« »onU 
induced FP. Columns C T A IT * "^ Wi'h «P^^entally 
(T,:CN where N „ c f A an'd ? G repreSent each of 'he 3' primers 
and e represent individual* Pnl^ TF*^' Subco,u™ a, b. c d, 
20 Primer pair combtals produ ^ '^ 'S"8"* F°r MCh of * 
Played along side those fromUCtS °^orma[ «»»bl««, (left) are dis- 
tressed gene s« (pen nd* *?*" ^ »««*>** 
sequenced toJLS^S^**" "WWtad,> W£re cl°- and 

(ABO^d htster S*,^^ 
son of LHHCM 4-5 with «,„ *• ii\ J)' Compan- 

sequence angnntents J~ £)£&%£%** 

5.2. FP underexpressed transcripts 

undXesIfdTn FP°dfUf 2* ^^ t0 be datively 
cloned *T£Z^™^*«»«** 
LHHCMlOsn<vU^ i of  these   clones, 

limited h^u    ululunS ^ig. 2). This sequence had only 

onSofr gy ° kn°Wn mammalian sequences; The longest of the sense strand matches was human and bovine 

tU product sequences^1^TT°T    ^"^^^^ 
sequences (LHH4-5 and SS J    ^ , «^-expression of two 
sequence LH10 5 in Itumo"^!^   S" I,*0"" unde™P™sion of 
to confirm equa, j£Sj£2^      "* »** ^ W »* 

thrombospondin-1 mRNA, which contained a K hn 
quence that was 93% identical. Sequence LSICMS SGS 
bp) had partial sequence homology to chic^MtltS 
^anscnptional repressor (58% ba^pSÄ^^,f 

Z n°e?68?r ""^ hunwn «" Ä gene   e 
quence (68% base pair identity with two sans of 77 hn7 T* 
bp, respectively, over 140 bnV Th« 7 P and 4 

tected by Northern wL      •'•?   ^«U* was not de- 

wSw?1*In ei?er ^or noimaI fibrob1^ ■ 
^e^^^^^l™ copy 
from both cell tvoeThnT. , P) hybndized to RNA 
This sequence dfri11 h       * n0t dlfferent«Uy expressed. 
geneS^haVe ^ °bvious etches to known 

4. Discussion 

Sreen to* fibropapiltanatosis P">W™.on m 

broblasts ST?™1" nom,aI ata-taived fi- 

Twr, nfA s-everai cDNA products by DD-PCR 

=£S»s2SS£ 
avaSetuhf "e " ^ lW "*»* »« been      ' arable in the gene sequence databases. Consequently »11 
of the pamal cDNA sequences found in this stTy ^1 



. ■      andca™ot be assigned with certainty to their putative cor 

^enÄ ^ f° "is P°ssi* ">« «-me of tee £ 

then studied further to characterize putative gene Wtil 

S^SS^^ g6ne SCqUence inf°™^n 

of an aberrant form «* »u-       coaons lyJ- Overexpression 

an inÄÄ '"""'V TOWabIy ™y disruP£ 

normal mRNA tr, Preventl"g the translation of ab- 

proTr™,lTCriPtS' WhlCh C0U,d enW ™* 
Product LHH10-5, which is undepressed in PP ru 

cyiomegalovzrus, a herpesvirus, as well [151 

infecti ™        • ""* "* VBCeral •"««• « systemic virus 

Fpl«SS;^aÜ0° °f *e "* «""* «™ ft 
caäon ofTeSSr™'f *n "»' «Ä totifi- 

^s:0iTcrnis=r 
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