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Introduction

The role of genetics in cancer is now well established with the identification of several
genes where the presence of mutation has been associated with cancer formation (1). It has been
shown that mutations of tumor suppressor genes, as negative regulators of cell division,
contribute to oncogenesis by interference with mechanisms restraining cell multiplication. Thus
genes encoding proteins involved in cellular functions including signal transduction, transcription
and phosphorylation/dephosphorylation cell cycle pathways are prime candidates for tumor
suppressor genes. In familial forms of cancer, a combination of germ-line and somatic mutations
on each allele results in chromosome loss or deleﬁon, meiotic recombination, or gene conversion.
Similar events uncovering recessive somatic mutations also occur in sporadic forms of cancer. The
loss of genetic material inherited from one parent can be detected by loss of heterozygosity (LOH)
analysis using genetic markers. LOH studies on tumors and linkage analysis in inherited forms of
cancers have resulted in identification of several tumor suppressor genes (2). The gene for
hereditary breast cancer, nafnely BRCA 1 is also associated with hereditary cancer of the ovary
(2,3). The gene for BRCA 1 was mapped to chromosome 1721, a region that is also associated
with allele losses (loss of heterozygosity, (LOH)) in sporadic breast and ovarian cancer
(4,5,6,7,8,9). After the initiation of our studies to clone BRCA1, the gene BRCA 1 was
identified by the Scolnick group (10) via positional cloning methods. Many mutations in BRCA 1
gene were found in patients with hereditary breast and ovarian cancer (11,12). Surprisingly, these
studies also show that mutations in BRCA1 are rare in sporadic breast and ovarian cancers that are
thought to be due to susceptibility to the disease at this locus (13,14,15). Together, the LOH
studies and the lack of mutation in BRCA 1 have led to the proposal that there is another gene
within this region of 17q12-q22 that is associated with sporadic breast and ovarian cancer in
women (16). Many studies have demonstrated that LOH in other regions of human chromosome
17 is associated with breast cancer (17,18). These studies indicate that a region telomeric to the
P53 gene at 17p12-17p13.3 (about 3 cM) is believed to harbor a separate tumor suppressor gene
associated with breast cancer. The strategies for cloning a disease-related gene included either
functional or positional cloning approaches (19). With the effort of the Human Genome Initiative
in cDNA and expressed sequence tag (EST) mapping, a candidate gene approach to finding human
disease genes has been predicted to be the future trend. Our research interest is focused on the
identification of genes from chromosome 17 based on the reciprocal probing approach (20). The
isolation of genes transcribed from chromosome 17 will provide candidates for the proposed
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sporadic breast cancer genes and genes for other human disorders. To date from the cDNAs
isolated from human chromosome 17 we have identified two very important genes. One gene,
which encode a coactosin like protein (CLP) and maps to 17p11.2 has been demonstrated by us
and our collaborators to be involved in the Smith-Magenis Syndrome, a neuro-muscular disorder
(21). A second gene which encodes a putative transcription factor has been demonstrated by us to
be a key gene in the mammalian circadian rhythm pathway (22). This gene maps to 17p12 which
we have named Rigui/mPer]. This discovery for the first time allowed scientist to follow the
mammalian clock at a molecular level and provide an unprecedented window in to its working
mechanism. Understanding the human biological clock could have many potential benefit. In
addition to the understanding of the human sleep-wake cycle, it could also generate strategies to
develop therapies for many disorders includihg shift work disorder, depression, sleep disorders,
and seasonal affective disorders. Molecular studies into the hypothesis that patients responsiveness
to chemotherapy display circadian patterns could now be address.

Results
\

We have reported a method for the isolation of chromosome specific cDNAs using high
density arrayed cDNA and chromosome specific cosmid libraries (20). The ability to isolate genes
in a chromosome specific manner provides simultaneous identification of the expressed sequence
and a chromosomal location. This technology identifies expressed sequences by reciprocal probing
of arrayed cDNA libraries and a chromosome specific cosmid library.

The isolated chromosome specific cDNA clones were sequenced through one pass
sequencing from the 5’ and 3'ends. The corresponding cosmids were used for fluorescent in situ
hybridization (FISH) mapping to localize their chromosomal position. The sequence information
was used to generate sequence tag site (STS) primers for polymerase chain reaction (PCR)
mapping on chromosome 17 somatic hybrid cell-lines to further confirm the cDNA and the
corresponding cosmid map position.

In our last report, we proposed to change strategy for the final year of this grant. The new
strategy include the studies of human genes with trinucleotide repeats and the isolation of genes
that may encode for regulatory proteins. These change in strategies has resulted in major
discoveries of genes involved in human diseases and very important biological functions.

Identification of Mammalian Circadian Rhythm Gene
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Biological thythms are a fundamental characteristic to living systems. In response to daily
environmental cues, the physiology and behavior of all living organism from bacteria to humans
are controlled by circadian rhythms driven by endogenous oscillators. Although the behavioral and
physiological properties of the mammalian circadian rhythms are well documented, the molecular
and genetic mechanism are unclear. In Drosophila, two genes, period and timeless, are essential
components of the circadian clock. A heterodimer of Per and Tim protein is thought to regulate the
circadian process by creating a negative feedback loop controlling per and tim expression.
However, in the decade since per was first found from Drosophila melanogaster, no mammalian
per homolog had yet to be reported.

Using reciprocal probing between cDNA and cosmid libraries, we have identified a human
chromosome 17 specific transcripts that encodes a bHLH-PAS protein domain with significant
sequence similarity to Drosophila melanogaster Period. Overall protein homology (identical amino
acid and conserved + neutral substitution) is 44%. We have named this gene RIGUI (after an
ancient Chinese sundial) or mammalian period (mPerl) gene.

Per and tim in Drosophila, circadian oscillator genes, are expressed in a periodic manner
during the 24 h day/night cycle. To examine whether expression of RIGUI /mPerl behaves in a
similar way, we studied its expression in mice. A murine brain cDNA library was screened with
the human RIGUI /mPer14.7 cDNA as probe, and a mouse homolog termed mrigui/mPerl was
identified. RNase protection assay using mouse retinae RNA collected every 4 hours during a 12 h
light/ 12 h dark cycle showed that m-rigui /mper] mRNA level increased during the light phase and
decreased during the dark phase.

In situ hybridization demonstrated that m-rigui /mper] mRNA is expressed in the
suprachasmatic nucleus (SCN), the master regulator of circadian rhythms in mammalian systems.
Expression was the highest at ZT6 (whereby Zeitgeber time ZT0 is when lights were turned on and
ZT12 is when lights were turned off) and the lowest at ZT18. We further observed the circadian
pattern of expression in Purkinje neurons of the cerebellum and pars tuberalis, but expression
patterns are shifted in phase from that of SCN. Expression analysis by in situ hybridization also
revealed that circadian expression in the SCN is sustained in constant darkness, and a shift in the
light/dark cycle evokes a proportional shift of m-rigui expression in the SCN. These are properties
expected of a mammalian circadian genes. To date as far as we know, this is the first mammalian
gene that fulfills these circadian rhythm properties. Taken together, the sequence homology and
circadian patterns of expression suggest that RIGUI/mPerl is a mammalian ortholog of Drosophila
period gene, raising the possibility that a regulator of circadian clocks in mammals have been
identified. (This work was published in the Journal Cell and was presented as a late breaking news
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in the American Society of Human Genetics meeting in Washington, D.C. October 27-November
1, 1997). The discovery of Rigui/mPer] was ranked by the journal Science (which is the most
influential scientific magazine in the USA) as one of the nine runners-up in 1997 Scientific Break-
Through of the Year (see December 19, (1997) issue of Science).

The discovery of Rigui/mPer] rapidly lead to the discovery of a second circadian gene
mPer2 by my laboratory. The new gene has many similar properties that was described for mPer].
The discovery of mPer2 was recently published in the journal Cell (Albrecht er al., Cell, 91,
1055-1064 (1997)).

A gene involved in the Smith-Magenis Syndrome

Our present studies also identified a gene that encodes for a coactosin like protein (CLP)
and maps to 17p11.2. Based on mapping studies we have been able to linked its involvement in the
Smith-Magenis syndrome (SMS). Smith-Magenis syndrome is a contiguous gene deletion
syndrome with a frequency of 1/25,000 live births. The clinical findings of SMS include mental
retardation, neurobehavioral abnormalities, sleep disturbances, short stature, minor craniofacial
and skeletal anomalies, congenital heart defects and renal anomalies. This wide spectrum of
phenotypic variation could have arise from a variation in the size of the DNA deletion. Our study
shows that the CLP gene is duplicated in a repeat domain containing a gene cluster flanking the
SMS deletion region. We were able to demonstrate that the CLP gene flanks this repeat domain and
that the duplication of this repeat leads to a recombination of the repeat domain resulting in the loss
the of chromosomal region missing in SMS patients. (A paper describing this work was published
in Nature Genetics (Chen et al., Nature Genet. 17, 154-163 (1997)).

Identification of the gene that causes spinocerebellar ataxia type
6 (SCAG).

Hereditary cerebellar ataxias are a clinically and genetically heterogenous group of
neurological disorders associated with dysfunction of the cerebellum and its afferent and efferent
connections. To date, seven autosomal dominant spinocerebellar ataxias (SCAs) have been
mapped to human chromosomes 6, 12, 14, 16, 11, 19 and 3 with the loci designated as SCA1,
SCA2, SCA3, SCA4, SCAS5, SCA6, and SCA7, respectively. Except for SCAS5, the genes
responsible for these SCAs have been identified. A common genetic mutation involving the
expansion of CAG trinucleotide repeat sequences has been shown to be the cause of these SCA
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disorders. In addition to the SCA disorders, CAG repeat expansions have also been associated
with Huntington disease [HD], spinobulbar muscular atrophy [SBMA], and dentatorubral-
pallidoluysian atrophy/Haw-River syndrome [DRPLA/HRS]. A common feature among these
disorders is the observation that the CAG repeats in the respective genes are located in the coding
regions and are translated into polyglutamine tracts in the protein product. Polyglutamine tract
expansion is central to the progressive nature of these diseases which results in the degeneration of
neurons of the central nervous system. Typically, the CAG repeats in the respective gene shows
length polymorphism in the human population and is generally less than 40 repeat units. In the
affected individuals, the CAG repeat is expanded beyond the normal size range. Intergenerational
changes of the CAG repeat size are often biased towards further expansion, particularly if
paternally transmitted, providing the molecular basis of genetic anticipation. To date, these
generalized observations are applicable to all the polyglutamine disorders with some variation in
specific diseases with respect to the length of the repeat and its effect on the disease state. Most
unusual in this regard is SCA6, where the expansion of the mutant alleles are relatively modest, in
the range of 21-30 repeats, which are much smaller than the expanded alleles seen in any of the
other CAG repeat diseases and are well within the normal range of polyglutamine tracts seen at the
other loci in many unaffected individuals. Furthermore, intergenerational changes of the CAG
repeat length is relatively rare in SCA6 families.

The gene for SCA6 was identified by screening human brain cDNA libraries with a (CTG);
repeat oligonucleotide probe. A cDNA containing a polymorphic CAG repeat sequence belonging

to the 4 voltage-dependent calcium channel gene (CACNL1A) was isolated during this
screen. Using a large scale genotyping survey strategy with this polymorphic CAG repeat and
DNA samples from patients with late onset neurodegenerative diseases, the CAG repeat sequence
in human a4 voltage-dependent calcium channel gene was initially found to be expanded in eight
families diagnosed with autosomal dominant cerebellar ataxia. Our studies suggested that an
expansion of a CAG repeat leading to an increase in polyglutamine length in certain isoforms of the
human a4 voltage-dependent Ca2+ channel protein is the primary cause of one form of cerebellar

ataxia which we designated as spinocerebellar ataxia type 6 (SCA6).

( The manuscript describing the discovery of SCA6 was the 4th most cited paper during 1997 for
manuscripts published in 1997. See Science 279, p1639 (1998)).




Conclusions

The original objective of this proposal was to identify the gene responsible for BRCA1 by
selecting for genes specific for human chromosome 17. The discovery of the gene for BRCA1
after the initiation of this project has altered the goal of this proposal. The proposed goals for the
past year focused on detailed characterization of genes identified from human chromosome 17 have
yielded important discoveries. Four very important genes, two of which are linked to human
disorders and two which may be central to the human circadian pathway were discovered in my
laboratory. Without this funding from the Department of Defense, the ability to make these
discoveries would have been severely compromise.




References

1. Knudson, A. G., Hereditary cancer, cancer oncogenes, and antioncogenes. Cancer Res.
45; 1437-1443, (1985).

2. Narod, S. A., Feuteun, J., Lynch, H. T., Watson, P., Conway, T., Lynch, J., and
Lenior,G. M. Familial breast-ovarian cancer locus on chromosome 17q12-q23. Lancet. 338: 82-
83, (1991).

3. Easton, D. F., Bishop, D. T., Ford, D., and Crockford, G. P. Genetic linkage analysis in
familial breast and ovarian cancer: results from 214 families. The breast Cancer Linkage
Consortium. Am. J. Hum. Genet. 52: 678-701, (1993).

4. Futreal, P. A., Sodervist, P., Marks, J. R., Iglehard, J. D., Cochran, C., Barrett, J. C.,
and Wiseman, R. W. Deletion of frequent allelic loss on proximal chromosome 17qin sporadic
breast carcinoma using microsatellite length polymorphism. Cancer Res. 52: 2624-2627, (1992).

5. Jacobs, I. J. A deletion unit on chromosome 17q in epithdial ovarian tumors distal to the
familial breast/ovarian cancer locus. Cancer Res. 53: 1218-1221, (1993).

6. Saito, H., Inazawa, J., Salto, S., Kasumi, F., Koi, S., Sagae, S., Kudo, R., Saito, J.,
Noda, K., and Nakamura, Y. Detailed deletion mapping of chromosome 17q in ovarian and breast
cancer: 2 ¢M region on 17q21.3 often and commonly deleted in the tumors. Cancer Res. 53:
3382-3385, (1993).

7. Cropp, C. S., Champeme, M. H., Lidereau, R., and Callahan, R. Identification of three
regions on chromosome 17q in primary human breast carcinomas which are frequently deleted.
Cancer Res. 53: 5617-5619, (1993).

8. Nagai, M. A., Pacheco, M. M., Breutani, M. M., Marques, L. A., Breutani, R. R.,
Ponder, B. A. J. and Mulligen, L. M. Allelic loss on distal chromosome 17p is associated with
poor prognosis in a group of Brazilian breast cancer patients. Br. J. Cancer. 69: 754-758, (1994).




8

9. Claus, E. B., Thompsom, W. D., and Risch, N. Genetic analysis of breast cancer in the
Cancer and Steroid Hormone Study. Am. J. Hum. Genet. 48: 232-242, (1991).

10.  Miki, Y., Swensen, J., Shattuck-Eidens, D., Futreal, P. A., Harshman, K., Tavtigian,
S., Liu, Q., Cochron, C., Bennett, L. M., Ding, W., Bell, R., Rosenthal, J., Hussey, C., Tran,
T., McClure, M., Frye, C., Hattier, T., Phelps, R., Haugen-Stran, A., Katcher, H., Yakumo,
K., Gholami, Z., Shaffer, D., Stone, S., Bayer, S., Wray, C., Bodgen, R., Dayananth, P.,
Ward, J., Tonin, P., Narod, S., Bristow, P., Norris, F., Helvering, L., Morrison, P., Rosteck,
P., Lai, M., Barrett, C., Lewis, C., Neuhasen, S., Canonalbright, L., Golgar, D., Wiseman, R.,
Kamb, A., and Skolnick, M.H. A strong candidate for the breast and ovarian cancer susceptibility
gene BRCAL. Science. 266 (5182): 66-71, (1994).

11.  Futreal, P, A, Liu, Q., Shattuck-Eidens, D., Cochran, C., Harshman, K., Tavtigian,
S., Bennett, L., Haugen-strano, A., Swensen, J., Miki, Y., Eddington, K., McClure, M., Frye,
C., Weaver-Feldhaus, J., Ding, W., Gholami, Z., Soderkvist, P., Terry, L., Jhanwar, S.,
Berchuck, A., Iglehart, J.D., Marks, J., Ballinger, D.G., Barret, J.C., Skolnick, M. H., Kamb,
A., and Wiseman, R. BRCA1 mutations in primary breast and ovarian carcinomas. Science.
266 (5182): 120-122, (1994).

12. Inoue, R., Fukutomi, T., Ushijima, T., Matsmoto, Y., Sugimura, T., And Nagao, M.
Germline mutation of BRCAL in Japan breast cancer families. Cancer Res. 55: 3521-3524,
(1995).

13. Takahashi, H., Behbakht, K., McGover, P. E., Chiu, H., Couh, F. J., Weber, B. L.,
Friedman, L. S., King, M., Furusato, M., Livolsi, V., Menzin, A. W., Liu,P. C., Benjamin, I.,
Morgan, M. A., King, S. A., Rebane, B. A., Cardonick, A., Mikuta, J., Rubin, S. C., and
Boyd, J. Mutation analysis of the BRCA 1 gene in ovarian cancer.

Cancer Res. 55: 2998-3002, (1995).

14. Merajver, S. D., Pham, T. M., Caduff, R. F., Chen, M., Poy, E. L., Cooney, K. A,
Weber, B. L., Collins, F. S., Johnston, C., and Frank, T. S. Somatic mutations in the BRCA 1
gene in sporadic ovarian tumors. Nature Genet. 9: 439-443, (1995).




i~

9

1S.  Hosking, L., Trowsdal, J., Nicolai, H., Solomon, E., Foulks, W., Stamp, G., Siner, E.,
and Jeffreys, A. A somatic BRCA 1 mutation in an ovarian tumour. Nature Genet. 9: 343-344,
(1995). ’

16.  Radford, D, M., Fair, K. L., Philips, N. J., Ritter, J. H., Steinbrueck, T., Holt, M. S.,
and Donis-Keller, H. Allelotyping of ductal carcinoma ir sifu of the breast: deletion of loci on 8p,
13q, 16q, 17p, and 17q. Cancer Res. 55: 3399-3405, (1995).

17.  Cornelis, R. S., van Vliet, M., Vos, C. B., Cleton-Jansen, A., van de Vijer, M., Peterse,
J., Khan, P. M., Borrensen, A., Comnelisse, C., and Devilee, P. Evidence for a gene on
17p13.3, distal to p53, as a target for allele loss in breast tumors without p53 mutations. Cancer
Res. 54: 4200-4206, (1994).

18. Coles, C., Thompson, A. M., Elder, P. A., Cohen, B. B., Mackenzie, I. M., Cranston,
G., Chetty, U., Mackay, J., Macdonald, M., Makamura, Y., Hoyheim,B., and Steel, C. M.
Evidence implicating at least two genes on chromosome 17p in breast carcinogenesis. Lancet.
336: 761-763, (1990).

19.  Collins, F. S. Positional cloning: Let’s not call it reverse anymore. Nature Genet. 1: 3-6,
(1992).

20. Lee, C. C,, Yazdani, A., Wehnert, M., Zhao, Z. Y., Lindsay, E. A., Bailey, J.,
Coolbough, M. L., Couch, L., Xiong, M. Chinault, A. C., Baldini, A., and Caskey, C. T.
Isolation of chromosome-specific genes by reciprocal probing of arrayed cDNA and cosmid
libraries. Hum. Mole. Genet. Vol 4 , 8: 1373-1380, (1995).

21.  Chen, KS., Manian, P., Koeuth, T., Potocki, L., Zhao, Q., Chinault, AC, Lee, C.C,,
and Lupski, J.R. (1997) Homologous recombination of a flanking repeat gene cluster is a
mechanism for a common contiguous gene deletion syndrome. Nature Genet. 17, 154-163
(1997).

22.  Sun, Z.S., Albrecht, U., Zhuchenko, O., Bailey, J., Eichele, G., and Lee, C.C. (1997)
RIGUI, a putative mammalian ortholog of the Drosophila period gene. Cell 90, 1003-1011.




10

23.  Warren, S.T. The expanding world of trinucleotide repeats. Science, 271, 1374-1375
(1996).

24.  Zhuchenko, O., Bailey, J., Bonnen, P., Ashizawa, T., Stockton, D.W., Amos, C.,
Dobyns, W.B., Subramony, S.H., Zoghbi, H.Y., and Lee, C.C. (1997) Autosomal dominant

cerebellar ataxia (SCA6) associated with small polyglutamine expansions in the a1A-voltage-
dependent calcium channel. Nature Gener 15, 62-69.

25. Kolodner RD. Mismatch repair: mechanisms and relationship to cancer susceptibility.
Trends in Biochemical Sciences. 20(10), 397-401 (1995).




11

Publications during the funding period of this grant.

1) Zhao Z., Lee C.C., Jiralerspong S.,Juyal, R.C., Lu, F., Baldini, A., Greenberg, F., Caskey,
C.T. and Patel, P.L (1995). The gene for a human microfibril-associated glycoprotein is
commonly deleted in Smith-Magenis syndrome patients. Human Molecular Genetics. 4(4):589-
597.

2) ZhaoZ. Lee C.C., Baldini A., Caskey, C.T. (1995). A human homologue of the
Drosophila polarity gene frizzled has been identified and mapped to 17q21.1. Genomics.
27(2):370-373.

3) Lee C.C. Yazdani A. Wehnert M. Zhao ZY. Lindsay, E.A., Bailey, J., Coolbaugh, M.I.,
Couch, L., Xiong, M. Chinualt, A.C., Baldini, A., and Caskey, C.T. (1995). Isolation of
chromosome-specific genes by reciprocal probing of arrayed cDNA and cosmid libraries.
Human Molecular Genetics. . 4(8):1373-1380.

4) ZhaoZ. Lee C.C., Monckton, D.G., Yazdani A., Coolbaugh, M.I., Xiaoru, Li., Bailey, J.,
Shen, Y., Caskey, C.T. (1996). Charcterization and Genomic Mapping of Genes and
Pseudogenes of a Human Protein Tyrosine Phosphatase. Genomics 35, 172-181.

5). Zhao, Z., Yazdani, A., Sheng, Y., Sun, Z-S., Bailey, J., Caskey, C.T.
and Lee, C.C. (1996) Molecular dissection of a cosmid from a gene-rich
region in 17q21 and Characterization of a candidate gene for
alpha-N-acetylglucosaminidase with two cDNA Isoforms. Mammlian Genome,
7, 686-690.

6) Zhuchenko, O., Wehnert, M., Bailey, J., Sun, Z.S., and Lee, C.C. (1996) Isolation,
Mapping and Genomic Structure of an X-linked Gene for a Subunit of Human Mitochondrial
Complex 1. Genomic 37, 281-288.

7) Levin, M., Chatterjee, A., Pragliola, A., Worley, K.C., Wehnert, M., Zhuchenko, O., Smith,
R.F, Lee, C.C., and Herman G.E. (1996) A comparative transcription map of the murine bare
patches (Bpa) and Striated (Str) critical regions and Human Xq28. Genome Research 6 , 465-477.




12 '

8) Murakami, T., Sun, Z.S., Lee C.C., and Lupski, J.R. (1997) Isolation of novel genes from
the CMT1A duplication/HNPP deletion critical region in 17p11.2-p12. Genomics 39, 99-103.

9) Zhuchenko, O., Bailey, J., Bonnen, P., Ashizawa, T., Stockton, D.W., Amos, C., Dobyns,
W.B., Subramony, S.H., Zoghbi, H.Y., and Lee, C.C. (1997) Autosomal dominant cerebellar
ataxia (SCAG6) associated with small polyglutamine expansions in the o;5-voltage-dependent
calcium channel. Nature Genetics 15, 62-69.

10) Chen, K.S., Manian. P., Koeuth. T., Potocki, L., Zhao. Q., Chinault, A.C., Lee, C.C., and
Lupski, J.R. Homologous recombination of a flanking repeat gene cluster is a mechanism for a
common contiguous gene deletion syndrome. Nature Genetic. 17(2):154-63, (1997).

11). Sun., ZS., Albrecht, U., Zhuchenko, O., Bailey, J., Eichele, G., and Lee, C.C. (1997)
RIGUI, a putative mammalian ortholog of the Drosophila period gene. Cell 90, 1003-1011.

12). Albrecht, U., Sun., ZS., J., Eichele, G., and Lee, C.C. (1997) A differential response of
two putative mammalian circadian regulators mperl and mper?2, to light. Cell 91, 1055-1064.

13). C.C.Lee (1998) Spinocerebellar Ataxia Type 6. Tinucleotide Repeat Diseases, Eds
Rubinsztein, D.C. and Hayden, M.R. Bios Scientific Publisher. (in press).




13

List of personnel involved.

1. Dr. Cheng Chi Lee, Ph.D (P.])
2. Dr. Zhong S. Sun, Ph.D

3. Dr. Olga Zhuchenko, Ph.D

4. Nicole Brodie, B.A.

5. Boris Nemoponicy, B.A

6. Dr. Ali Yazdani, M.D.

7. Penolope Bonnen, B.S

8. Jennifer Bailey, B.S.

9. Mingli Sheng, M.S

10. Lisa Couch, B.A




