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Biochemical and Molecular Characterization of a Novel Nuclear Matrix Protein in Human
Breast Cancer: Relationship to Tumor Hormonal Status

Introduction:

The development of breast cancer is thought to be a multi-stage process (1). The
progression of this disease is associated with cellular and molecular changes. Thus, initiation
and progression may be related to loss of chromosomal material and ultimately specific gene
function(s). Some of these cellular and molecular changes may be accompanied with tumor cell
acquisition of metastatic potential. There is an urgent need for identification of node-negative
patients whose tumors have metastatic potential. Several tumor markers have been used in
assessing tumor changes linked to poor prognosis. These include loss of estrogen receptor (ER)
and progesterone receptor (PR) expression (2), high blood vessel count (angiogenesis) (3),
amplification of erbB2/HER2/neu gene (4) and decreased activity of nm23 gene (5). None of
these markers alone, however, predict with complete reliability which node-negative patients will
likely relapse. We have found that primary human breast tumors express a 55 kDa nuclear
protein, which is absent in estrogen receptor negative (ER-) tumors (6). This observation
suggested that this protein may be related to tumor hormonal status and may represent a useful
tumor marker. We have carried out preliminary studies to characterize this nuclear protein
(referred to as nmt55) from human breast tumors and the MCF-7 cell line, using site-directed
monoclonal antibodies and polyclonal antibodies. In this research, we have undertaken
biochemical and molecular biology approaches to investigate the function(s) of this protein and
its potential role in regulation of human breast cancer cell growth.
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Results:

A. Detection of nmt55 Variants in Human Breast Tumors Using Western Blot and
Immunohistochemical Analyses.

To further our investigation of nmt55 using molecular and biochemical approaches, our
laboratory generated two epitope specific anti-peptide polyclonal antibodies (pAbs) to different
domains of nmt55 to investigate the role of these domains in nmt55 function. One polyclonal
antibody (pAb), termed NMT4, was raised against a unique peptide in the amino terminus of
nmt55 and the second pAb, NMTS5, was raised against a unique peptide in the mid-region of the
protein. These antibodies, along with the monoclonal antibody (mAb) NMT1 (raised against the
far carboxyl terminus of nmt55), were then used to screen various human breast tumors using
Western blot or immunohistochemical Analyses.

When a series of tumors were screened via Western blot, the pAbs (NMT4 and NMT5)
confirmed the original data observed with mAb NMT1 (6) indicating that ER- tumors displayed
decreased nmt55 protein expression as compared to ER+ tumors. Interestingly, a subset of ER+
tumors expressed nmt55 protein that was not detected by pAb NMT4 but was detected by NMTS5
and NMT1 antibodies using Western blot analyses.

To determine if this observation was the result of molecular changes within the tumor
that altered nmt55 protein or rather an artifact of experimental preparation of breast tissue, we
used the same set of antibodies to screen paraffin embedded human breast tumors by
immunohistochemistry. As was observed with Western blot analysis, a subset of tumors
analyzed by immunohistochemisty expressed nmt55 protein which was detectable only with pAb
NMT5 and not with pAb NMT4. Since immunohistochemistry is a powerful tool used to
investigate many proteins involved in breast cancer progression and is representative of the in
vivo tumor environment, we suggest that nmt55 is indeed expressed as a variant, with alterations
in its amino terminal domain, in a subset of human breast tumors. This alteration in the amino
terminus of nmt55 may have deleterious effects with respect to nmtS5 function and thus may
play a role in breast cancer progression.

B. Intermolecular Association of nmtS5 with the Polypyrimidine Tract Associated Splicing
Factor (PSF).

The predicted nmt55 amino acid sequence suggested that nmt55 contains a bipartite RNA
binding domain and posses strong homology to RNA binding proteins (6-9). This indicated that
nmt55 may interact with other potential RNA binding proteins and may be involved in RNA
processing. Data reported in year 1 of our study indicated that nmt55 could bind RNA via
solubility experiments and that nmt55 interacted with a 100 kDa protein using
immunoprecipitation experiments. Using specific antibodies we determined that this 100 kDa
protein represented the well characterized polypyrimidine tract binding protein associated
splicing factor (PSF) (7). These observations indicate that nmt55 may play an important role in
the regulation of RNA processing and cellular function.

Since evidence suggested that nmt55 is also expressed in a variant form, we wanted to
investigate the domain specific interaction of nmt55 with PSF. To implement in this study, we
generated three GST-nmt55 fusion protein constructs. The first construct (GST-FL)
encompassed the full-length nmt55 protein (residues 1-471) fused with GST protein, the second
construct (GST-NT) fused the amino terminal portion of nmt55 protein (residues 1-227) with
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GST protein and the final construct (GST-CT) fused the carboxyl terminal portion of nmt55
protein (residues 227-471) with GST protein. These constructs along with GST protein alone
were incubated with MCF-7 cell nuclear extracts and subjected to GST pull-down assays and
Western blot analysis. Using a specific PSF mAb, we showed that PSF interacts with both the
amino terminus and carboxyl terminus of nmt55.

To determine if the nmtS5/PSF interaction was specific for these two proteins alone,
indicating multiple protein interactions, or rather that these proteins exist in a complex with
other, as yet unidentified, proteins, we incubated our GST-nmt55 constructs with purified PSF
protein and observed similar results. These results did not eliminate the possibility that nmt55
and PSF are part of a multi-protein complex but suggested that, regardless of other associated
proteins, nmt55 and PSF have multiple molecular contacts. Thus, disruption of these contacts or
alteration in domains responsible for these interactions may result in the loss of specific protein
function.

C. Association of nmtS5 with Several Essential pre-mRNA Splicing Factors.

The splicing and/or alternative splicing of pre-mRNAs is a critical regulatory step and, as
a result, high efficiency of this step is essential in mammalian biology (11,12). It has been
reported that as many as fifty different proteins may play critical roles in the splicing of pre-
mRNAs (13). Since PSF has been characterized as an essential splicing factor (7) through
binding to the polypyrimidine tract in pre-mRNAs, we investigated proteins that interact with the
other essential pre-mRNA domains (the 5' splice site, branch A point and 3' splice site) for their
ability to associate with nmt55. Reports indicate that several factors have been characterized and
their functions partially elucidated (14). The SR (serine and argine rich) family of proteins has
been shown to have a critical role in pre-mRNA splicing (15, 16). These proteins are involved in
several RNA binding interactions involving all three critical pre-mRNA domains (17). Inhibition
of these proteins has been shown to prevent in vitro pre-mRNA splicing (14-17). UlA 70K
protein has been shown to interact with the UlsnRNP and aid in its association with the 5' splice
site on the pre-mRNA (18). U2AF® and U2AF® proteins are critical for the recruitment of the
U2 snRNP to the branch A site and 3’ splice site on the pre-mRNA, respectively (19, 20).

We investigated the ability of nmt55 to interact with members of the SR, Ul and U2
family using a mAb (16H3) raised against a series of serine and argine residues (21). Utilizing
immunoprecipitation and Western blot analyses with mAb 16H3, we demonstrated that nmt55
interacts with a series of proteins in a large multi-protein complex. Several members of the SR
family interact with nmt55 including SRp75, SRp55, SRp40 and SRp35. nmt55 also associates
with Ul 70K, U2AF®, U2AF* and Topoisomerase I. Topoisomerase I has been shown to
phosphorylate members of the SR protein family and may be important for RNA processing (22).
The association of nmt55 with several well characterized and essential splicing factors strongly
suggests a functional role for nmt55 in pre-mRNA splicing.

Summary and significance of the studies

In previous studies, we have demonstrated that nmt55 interacts with the RNA processing
protein PSF and interacts with RNA, in situ. We have also shown that nmt55 protein expression
is decreased in ER- human breast tumors. As a result of these observations, we developed
specific antibodies to various domains of nmt55 and investigated the role of these domains in
human breast tumors. We have identified nmt55 variants with alterations in their amino terminus
in a subset of ER+ human breast tumors using Western blot and immunohistochemical analyses.
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We have generated several GST-nmt55 fusion proteins to investigate the specific nmt55
domains responsible for PSF protein binding. We determined that nmt55 has multiple molecular
contacts in its amino and carboxyl terminal domains with PSF protein. Along with PSF, we have
elucidated the association of nmt55 with several essential splicing factors (Ul 70K, U2AF®,
U2AF®, SRp75, SRp55, SRp40, SRp35 and Topoisomerase I). These observations suggest that
nmt55 may play an important role in RNA metabolism and/or processing.

The association of nmt55 expression with tumor hormonal status (ER and PR) in human
breast tumors and its putative function as an RNA binding splicing suggests a key role in cellular
growth and function. The data obtained suggests that nmt55 binds to RNA and many RNA
splicing proteins and may have an important role in regulation of RNA metabolism. This may be
critical in tumor cell growth and tumor progression.




Unpublished Data

Bibliography

10.

11.
12.
13.

14.

15.

16.

17.
18.

19.

20.

Wright K. Breast cancer: two steps closer to understanding. Science 250: 1659, 1990.

McGuire WL. Hormone Receptors: Their role in predicting prognosis and responses to endocrine therapy.
Semin. Oncol. 5: 428-433, 1978.

Horak ER, Leek R, Klenk N, LeJeune S, Smith K, Stuart N, Greenall M, Stepniewska K. and Harris AL.
Angiogenesis, assessed by platelet/endothelial cell adhesion molecule antibodies, as indicator of node
metastases and survival in breast cancer. Lancet. 340: 1120-1124, 1992.

Santes K and Salmon D. Radiolabeled antibody targeting of the HER2/neu oncoprotein. Cancer Res. 52: 1916-
1920, 1992.

Barnes R, Masood S, Barker E, Rosengard AM, Coggin DL, Crowell T, King CR, Porter-Jordan K, Wargotz ES
and Liotta LA, Low nm23 protein expression in infiltrating ductal breast carcinomas correlates with reduced
patient survival. American Journal of Pathology. 139: 245.-250, 1991.

Traish AM, Huang YH, Pavao M, Pronovost M, Ashba J, McNany D. and Moreland RB. Loss of expression of
a 55 kDa nuclear protein (nmtS5) in estrogen receptor-negative human breast cancer. Diagn Mol Pathol. 6(4):
209-221, 1997.

Patton JG, Porro EB, Galceran J, Tempst P. and Nadal-Ginard B. Cloning and characterization of PSF, a novel
pre-mRNA splicing factor. Genes and Development. 7: 393-406, 1993.

Dong B, Horowitz DS, Kobayashi R. and Krainer AR. Purification and cDNA cloning of HeLa cell p54mb, a
nuclear protein with two RNA recognition motifs and extensive homology to human splicing factor PSF and
Drosophilia NONA/BJ6. Nucleic Acids Research. 21(17): 4085-4092, 1993.

Yang YS, Hanke JH, Carayannopoulos L, Craft CM, Capra JD. and Tucker PW. NonO, a Non-POU-Domain-

Containing, Octamer-Binding Protein, Is the Mammalian Homolog of Drosophilia nonAdisS, Molecular and
Cellular Biology. 13(9): 5593-5603, 1993.

Basu A, Dong B, Krainer AR and Howe CC. The Intracisternal A-Particle Proximal Enhancer-Binding Protein
Activates Transcription and Is Identical to the RNA and DNA Binding Protein p54nrb/NonQ. Molecular and
Cellular Biology. 17(2): 677-686, 1997.

Sharp PA. On the Origin of RNA Splicing and Introns. Cell. 42(2): 397-400, 1985.

Sharp PA. Spit Genes and RNA Splicing. Cell 77(6): 805-15, 1994,

Gozani O, Patton JG and Reed R. A novel set of spliceosome-associated proteins and the essential splicing
factor PSF bind stably to pre-mRNA prior to catalytic step II of the splicing reaction. EMBO J. 13(14): 3356-
67, 1994.

Reed R. Mechanisms of fidelity in pre-mRNA splicing. Curr Opin Cell Biol. 12(3): 340-5, 2000.

Zahler AM, Lane WS, Stolk JA, and Roth MB. SR proteins: a conserved family of pre-mRNA splicing factors.
Genes Dev. 6(5): 837-47, 1992.

Zahler AM, Neugebauer KM, Lane WS and Roth MB. Distinct functions of SR proteins in alternative pre-
mRNA splicing. Science. 260(5105): 219-22, 1993,

Tacke R and Manley JL. Determinants of SR protein specificity.Curr Opin Cell Biol. 11(3): 358-62, 1999.

Query CC, Bentley RC and Keene JD. A common RNA recognition motif identified within a defined Ul RNA
binding domain of the 70K U1 snRNP protein. Cell 57(1): 89-101, 1989.

Zamore PD, Patton JG and Greent MR. Cloning and domain structure of the mammalian splicing factor U2AF.
Nature. 355(6361): 609-14, 1992.

Zuo P and Maniatis T. The splicing factor U2AF35 mediates critical protein-protein interactions in constitutive
and enhancer-dependent splicing.Genes Dev. 10(11): 1356-68, 1996.

9




Unpublished Data

21. Neugebauer KM, Stolk JA, and Roth MB. A conserved epitope on a subset of SR proteins defines a larger
family of Pre-mRNA splicing factors. J Cell Biol. 129(4): 899-908, 1995.

22. Rossi F, Labourier E, Forne T, Divita G, Derancourt J, Riou JF, Antoine E, Cathala G, Brunel C and Tazi J.
Specific phosphorylation of SR proteins by mammalian DNA topoisomerase I. Nature. 381(6577): 80-2, 1996.

10




Unpublished Data

Appendix
Key Research Accomplishments

e We have detected nmt55 protein variants in a subset of human breast tumors. These nmt55
protein variants have alterations in their amino terminal region as determined by Western blot
and immunohistochemical analyses using an epitope specific anti-peptide polyclonal
antibody raised against the amino terminus of nmt55.

e We have determined the nmt55 domains responsible for protein interaction with the
Polypyrimidine Tract Binding Protein Associated Splicing Factor (PSF). It was determined
using GST-nmt55 fusion proteins and GST Pull Down Assays that nmt55 has multiple
molecular contacts with PSF.

e We have identified a series of essential splicing factors (PSF, Ul 70K, U2AF65, U2AF35,
SRp75, SRp55, SRp40, SRp35 and Topoisomerase I) that associate with nmt55 in a multi-
proteln complex in human breast tumors and cell lines. These associations were determined
by co-immunoprecipitation experiments coupled with Western blot analysis utilizing specific
monoclonal and polyclonal antibodies.

Reportable Outcomes

Published Abstracts:

Pavao M, Moreland RB and Traish AM. "Potential Role of a Novel Nuclear Protein (nmt55) in Human
Breast Cancer." Abstract, The FASEB Journal, 2000.

Poster Presentations:

Pavao M, Moreland RB and Traish AM. "Characterization of a Novel Nuclear Protein (nmt55) in
Human Breast Cancer." Era of Hope: Department of Defense Breast Cancer Research Program. June
2000 (Atlanta, GA).

Pavao M, Moreland RB and Traish AM. "Potential Role of a Novel Nuclear Protein (nmt55) in Human
Breast Cancer." American Society for Biochemistry and Molecular Biology. June 2000 (Boston, MA).

Pavao M, Moreland RB and Traish AM. "Identification and Characterization of a Novel Nuclear Protein
(nmt55) in Human Breast Cancer." Henry I Russek Student Achievement Day. May 2000 (Boston, MA).

Pavao M, Moreland RB and Traish AM. "Characterization of nmt55 as a Potential Tumor Marker in
Human Breast Cancer." Graduate Student Science Research Day. April 2000 (Boston, MA).

Pavao M, Moreland RB and Traish AM. "Potential Role of nmt55, a Novel Nuclear Protein, as a Tumor

Marker in Human Breast Cancer Progression and Metastasis." Gordon Research Conference on
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