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Instructions:  Please complete all of the items as instructed. Do not delete instructions.  Do not 

leave any items blank; responses must be provided for all items.  If your response to an item is 

“None”, please specify “None” as your response. “Not applicable” is not an acceptable response 

for any of the items. There is no limit to the length of your response to any question.  Responses 

should be single-spaced, no smaller than 12-point type.  The report must be completed using 

MS Word.  Submitted reports must be Word documents; they should not be converted to pdf 

format.   Questions?  Contact Health Research Program staff at 717-783-2548. 

 

1. Grantee Institution: The Pennsylvania State University 

 

2. Reporting Period (start and end date of grant award period): 1/1/2009 – 12/31/2012 

 

3. Grant Contact Person (First Name, M.I., Last Name, Degrees): John Anthony, MPA. 

 

4. Grant Contact Person’s Telephone Number: 814-935-1081 

 

5. Grant SAP Number:  # 4100047645 

 

6. Project Number and Title of Research Project:  2 -  Epigenetic Regulation of Inactive X 

Chromosome Expression 

 

7. Start and End Date of Research Project:  1/1/09 – 12/31/09 

 

8. Name of Principal Investigator for the Research Project:  Laura Carrel, PhD 

 

9. Research Project Expenses.   

 

9(A) Please provide the total amount of health research grant funds spent on this project for 

the entire duration of the grant, including indirect costs and any interest earned that was 

spent:    

 

$ 43,005    

 

9(B) Provide the last names (include first initial if multiple individuals with the same last 

name are listed) of all persons who worked on this research project and were supported with 

health research funds.  Include position titles (Principal Investigator, Graduate Assistant, 

Post-doctoral Fellow, etc.), percent of effort on project and total health research funds 

expended for the position.  For multiple year projects, if percent of effort varied from year to 

year, report in the % of Effort column the effort by year 1, 2, 3, etc. of the project (x% Yr 1; 

z% Yr 2-3). 
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Last Name Position Title % of Effort on Project Cost 

Jill Stahl Graduate Assistant 50% $43,005 

 

9(C) Provide the names of all persons who worked on this research project, but who were not 

supported with health research funds.  Include position titles (Research Assistant, 

Administrative Assistant, etc.) and percent of effort on project.  For multiple year projects, if 

percent of effort varied from year to year, report in the % of Effort column the effort by year 

1, 2, 3, etc. of the project (x% Yr 1; z% Yr 2-3). 

 

Last Name Position Title % of Effort on Project 

Carrel PI 1% 

 

9(D) Provide a list of all scientific equipment purchased as part of this research grant, a short 

description of the value (benefit) derived by the institution from this equipment, and the cost 

of the equipment. 

 

Type of Scientific Equipment Value Derived Cost 

None   

 

 

10. Co-funding of Research Project during Health Research Grant Award Period.  Did this 

research project receive funding from any other source during the project period when it was 

supported by the health research grant? 

 

Yes_________ No___X_______ 

 

If yes, please indicate the source and amount of other funds: 

 

 

11. Leveraging of Additional Funds 
 

11(A) As a result of the health research funds provided for this research project, were you 

able to apply for and/or obtain funding from other sources to continue or expand the 

research?  

 

Yes__x_______ No__________ 

 

If yes, please list the applications submitted (column A), the funding agency (National 

Institutes of Health—NIH, or other source in column B), the month and year when the 

application was submitted (column C), and the amount of funds requested (column D).  If 

you have received a notice that the grant will be funded, please indicate the amount of funds 

to be awarded (column E). If the grant was not funded, insert “not funded” in column E. 

 

Do not include funding from your own institution or from CURE (tobacco settlement funds). 

Do not include grants submitted prior to the start date of the grant as shown in Question 2.  If 

you list grants submitted within 1-6 months of the start date of this grant, add a statement 
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below the table indicating how the data/results from this project were used to secure that 

grant. 

 

A.  Title of research 

project on grant 

application 

B.  Funding 

agency (check 

those that apply) 

C. Month 

and Year  

Submitted 

D. Amount 

of funds 

requested: 

E. Amount 

of funds to 

be awarded: 

Towards a personalized 

signature of inactive X 

gene expression 

NIH     

 Other federal 

(specify:_______) 

x Nonfederal 

source (specify: 

March of Dimes_) 

09/11 

 

 

$385,362 

(TC) 

not funded 

Genetic and epigenetic 

influences on inactive X 

chromosome expression 

NIH     

 Other federal 

(specify:_______) 

x Nonfederal 

source (specify: 

March of Dimes_) 

9/12 $420,166 

(TC) 

pending 

 

11(B) Are you planning to apply for additional funding in the future to continue or expand 

the research? 

 

Yes__x_______ No__________ 

 

If yes, please describe your plans: 

 

 If the pending March of Dimes grant is not funded, will submit an NIH R21. 

 

 

12. Future of Research Project.  What are the future plans for this research project? 

 

Our future research aims to better understand the epigenetic basis of inactive X variability, 

by extending the results from this study to other loci on the X and evaluating whether genes 

that escape are in an epigenetically permissive state. 

 

 

13. New Investigator Training and Development.  Did students participate in project 

supported internships or graduate or post-graduate training for at least one semester or one 

summer? 

 

Yes______x___ No__________ 

 

If yes, how many students?  Please specify in the tables below: 
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 Undergraduate Masters Pre-doc Post-doc 

Male     

Female   1  

Unknown     

Total   1  

 

 Undergraduate Masters Pre-doc Post-doc 

Hispanic     

Non-Hispanic   1  

Unknown     

Total   1  

 

 Undergraduate Masters Pre-doc Post-doc 

White   1  

Black     

Asian     

Other     

Unknown     

Total   1  

 

 

14. Recruitment of Out-of–State Researchers.  Did you bring researchers into Pennsylvania to 

carry out this research project? 

 

Yes_________ No__x________ 

 

If yes, please list the name and degree of each researcher and his/her previous affiliation: 

 

 

15. Impact on Research Capacity and Quality.  Did the health research project enhance the 

quality and/or capacity of research at your institution?   

 

Yes_________ No___x_______ 

 

If yes, describe how improvements in infrastructure, the addition of new investigators, and 

other resources have led to more and better research.  

 

 

16. Collaboration, business and community involvement.  

 

16(A) Did the health research funds lead to collaboration with research partners outside of 

your institution (e.g., entire university, entire hospital system)?  

 

Yes_________ No____x______ 

 

If yes, please describe the collaborations:  
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16(B) Did the research project result in commercial development of any research products?  

 

Yes_________ No_____x_____ 

 

If yes, please describe commercial development activities that resulted from the research 

project:  

 

 

16(C) Did the research lead to new involvement with the community?   

 

Yes_________ No___x_______ 

 

If yes, please describe involvement with community groups that resulted from the 

research project:  

 

 

 

17. Progress in Achieving Research Goals, Objectives and Aims.  
List the project goals, objectives and specific aims (as contained in the grant agreement).  

Summarize the progress made in achieving these goals, objectives and aims for the period 

that the project was funded (i.e., from project start date through end date).  Indicate whether 

or not each goal/objective/aim was achieved; if something was not achieved, note the reasons 

why.  Describe the methods used. If changes were made to the research 

goals/objectives/aims, methods, design or timeline since the original grant application was 

submitted, please describe the changes. Provide detailed results of the project.  Include 

evidence of the data that was generated and analyzed, and provide tables, graphs, and figures 

of the data.  List published abstracts, poster presentations and scientific meeting presentations 

at the end of the summary of progress; peer-reviewed publications should be listed under 

item 20. 

 

This response should be a DETAILED report of the methods and findings.  It is not sufficient 

to state that the work was completed. Insufficient information may result in an unfavorable 

performance review, which may jeopardize future funding.  If research findings are pending 

publication you must still include enough detail for the expert peer reviewers to evaluate the 

progress during the course of the project. 

 

Health research grants funded under the Tobacco Settlement Act will be evaluated via a 

performance review by an expert panel of researchers and clinicians who will assess project 

work using this Final Progress Report, all project Annual Reports and the project’s strategic 

plan.  After the final performance review of each project is complete, approximately 12-16 

months after the end of the grant, this Final Progress Report, as well as the Final Performance 

Review Report containing the comments of the expert review panel, and the grantee’s written 

response to the Final Performance Review Report, will be posted on the CURE Web site.   

 

There is no limit to the length of your response. Responses must be single-spaced below, 

no smaller than 12-point type. If you cut and paste text from a publication, be sure 
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symbols print properly, e.g., the Greek symbol for alpha () and beta (ß) should not 

print as boxes () and include the appropriate citation(s).  DO NOT DELETE THESE 

INSTRUCTIONS. 

 

 

Specific aims originally proposed: 

Gender differences are well documented in normal traits and in the prevalence or presentation of 

many diseases. Hormonal and cultural milieus play major roles, but genetic differences 

contribute as well. The genomic content of the sex chromosomes differ widely although most 

inequity is erased by X chromosome inactivation that silences genes on one of a female’s X 

chromosomes to functionally balance X gene dosage between XX females and XY males. 

Nonetheless, not all genes on the inactive X are silenced. The role of these genes that “escape” 

inactivation in gender-specific medicine has not yet been widely considered.  

 

To identify genes that escape inactivation, we established an X inactivation profile of the human 

X chromosome. Our data from 642 X-linked transcripts indicate that the majority of genes are 

subject to inactivation, but 15% escape inactivation and are expressed from both active and 

inactive Xs. Few genes have Y homologues, suggesting that a significant proportion of X-linked 

genes may be expressed at higher levels in females than males. Surprisingly, an additional 10% 

of genes assayed are variable; that is, they escaped inactivation in some female cell lines but not 

others, raising the intriguing possibility that some could contribute to individual female trait 

variation.  

 

To better understand genes that escape X inactivation and the genes that show variable 

expression, we propose the following specific aims: 

(1) to measure levels of inactive X expression for seven genes that cluster in Xp11.3 in a panel of 

40 primary cell lines that have been previously been used to effectively monitor inactive X 

expression 

(2) to correlate inactive X expression with epigenetic modifications by measuring DNA 

methylation at the CpG islands of these genes in multiple female cell lines, and 

(3) to establish a methylation assay that could be used to effectively predict expression levels 

from the inactive X that could evaluate the role that inactive X genes contribute to traits that 

show gender differences. 

These studies are important for understanding essential properties of the X inactivation process, 

and give insight into the establishment and maintenance of heterochromatin. Further, since genes 

that escape inactivation are responsible for phenotypes in individuals with X aneuplodies, a 

clearer idea of how these genes are controlled has additional clinical relevance. 

 

Overall Summary 

This project focused on genes that show variable inactive X expression; that is, they escape X 

inactivation in a subset of females tested. Clinically, genes that escape X inactivation are 

responsible for phenotypes in Turner syndrome and other X aneuploidies. Nevertheless, a 

specific role for inactive X variability has not been addressed but could explain variation in 

carrier phenotypes, such as proposed for Oral-Facial-Digital Type I Syndrome [1]. Of perhaps 

broader impact is the role that inactive X expression may play in traits or disorders that differ 

between genders (e.g. [2-4]). Indeed, one gene that variably escapes X inactivation, the gastrin-
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releasing peptide receptor, may influence sex-specific differences in smoking history and risk of 

lung cancer [4]. 

 

The goal of this research project was to evaluate and correlate inactive X expression and 

methylation for genes that show variable escape from X inactivation. Despite abundant 

epigenomic and transcriptomic data, this question has remained largely unaddressed because few 

samples have been profiled in lines with known inactive X expression levels. We have 

assembled and isolated a large collection of cell lines with non-random X inactivation. By 

monitoring expressed polymorphisms, relative active and inactive X expression is directly 

assessed.  

 

As described below, our results are surprising; at two variable domains on the inactive X, 

methylation and expression do not correlate (Aim 1,2). These results clearly indicate that a rapid 

methylation assay to evaluate variable inactive X expression cannot be developed at least for 

most genes (as proposed for Aim 3). Nevertheless, these data give important mechanistic insight 

into variable gene expression suggesting that these genes are likely in a more permissive state 

than those that are stably silenced. As Aim 3 was no longer feasible, we turned instead to asking 

whether variable inactive X expression was stochastic or could be explained by simple genetic 

mechanisms. We assessed single clones from related individuals. Data presented below show 

that inactive X expression is not stochastic, but neither can it be explained by simple autosomal 

or X-linked models. Altogether we suggest that inactive X expression is a property of an X 

established early in development and likely influenced by some epigenetic features. Grants that 

have been submitted follow up on these results by asking whether other features at these loci 

support a permissive state or which other epigenetic features do indeed directly reflect inactive X 

expression levels. 

 

This research grant supported one graduate student for one year. The results for the project are 

novel and exciting, but admittedly we have made less progress, particularly in terms of 

publications. This is in large part because this student was off on a formal medical leave for more 

than one year (after completion of this funding) and has come back only at part time. 

Nevertheless, her perseverance is admirable. I am quite excited that she is driven to complete this 

project and continues to push forwards toward finishing  her thesis. A spring defense date is 

scheduled. A publication will be submitted this spring as well.  

 

 

Experimental Results 

Aim 1 - Variability in inactive X expression at two clustered domains. 

In order to evaluate inactive X expression, we identified transcribed single nucleotide 

polymorphisms for seven genes mapping to a 1.6 Mb interval in Xp11.3 and a 225kb region in 

Xq28. Genes within these regions had been initially identified to escape X inactivation in 

somatic cell hybrids [5]. We genotyped our panel of 40 primary fibroblast lines with non-random 

X chromosome inactivation to identify heterozygous individuals. Armed with this information, 

Xi levels were evaluated by measuring relative allelic expression at transcribed polymorphisms 

using our well-established quantitative primer extension method, q-SNaPshot [5]. Preliminary 

methylation data for these genes in one cell line had indicated that four genes within Xp11.3 are 

completely hypomethylated. We predicted that all four would show high levels of inactive X 
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expression in all samples tested. Our results are shown in Fig. 1 and Fig. 2 and are somewhat 

surprising. DDX3X is the only gene within the Xp11.3 cluster that shows high levels of escape in 

the lines tested. Xq28 results are similar. Inactive X levels of NAA10 are higher than other genes 

within the domain. These data for the first time show that inactive X expression levels can vary 

widely across escape domains. Additionally, wide variation of escape levels was seen amongst 

different individuals. Given these results, it is more accurate to classify these regions as escape-

prone domains.  

 

 
 

 

 

 

 

 

Fig. 1. Inactive X expression of Xp11.3 genes in human primary fibroblast 

lines. The chromosomal organization of the tested genes is shown below 

expression results. Genes were tested in informative lines and results for each 

line are indicated as a ratio of active to inactive X expression. Mean values 

are also indicated.  
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Fig. 2. Inactive X expression of Xq28 genes. The chromosomal organization of the tested genes is shown 

below expression results (153.064-153.289kb (hg19)). Genes were assessed in informative lines and 

results are indicated as a ratio of active to inactive X expression. Results are represented as boxplots with 

the number of informative samples indicated below.  

 

 

 

Aim 2 – Methylation for genes within two escape-prone domains does not correlate with inactive 

X expression. 

Pyrosequencing is an effective method to quantitatively measure methylation. Pyrosequencing 

assays were developed within CpG islands for four genes in the escape-prone domains. Samples 

were tested with known inactive X expression levels. Results are shown in Fig. 3.  Strikingly, 

methylation does not correlate with expression in all cases. It is notable that three of the four 

genes tested are completely hypomethylated regardless of inactive X expression level. Inactive X 

expression did appear to correlate with methylation for one gene, HCFC1. These data suggest 

that escape, at least for most genes on the X, may be due to a permissive methylation state. 

Further, this result indicates that efforts towards Aim 3 (establishing rapid methylation assays to 

assess inactive X expression) are not warranted.  
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Fig. 3. Methylation does not correlate with inactive X expression for most genes tested. Blue- fibroblasts, 

red- lymphoblasts.  

 

 

Aim 3. Inactive X expression levels are not stochastic, but are a property of a specific X 

chromosome.  

To evaluate Xi expression heritability we single-cell subcloned lymphoblast cell lines from 

females from CEPH pedigrees 1331 and 1345. Monoallelic expression of an XIST 

polymorphism or methylation at the Androgen Receptor locus ensured clonality. For each line, 

two genetically identical clones could be isolated that differ with respect to the maternal/paternal 

origin of the inactive X (Xi-m/Xi-p). An independent measure of clonality, rearrangement at the 

autosomal immunoglobulin heavy chain locus (IGH) (not shown), assured that multiple lines 

with the same parental inactive X had independent origin. Inactive X levels were evaluated as 

above by measuring relative allelic expression at transcribed polymorphisms. Importantly, 

similar inactive X levels were measured in monoclonal LCLs with the same X inactivated. Such 

reproducibility points towards specific effects of XCI upon a particular X allele as opposed to 

random monoallelic expression measured elsewhere in the genome [6]. Further, partial inactive 

X expression must represent equal inactive X expression, or equal propensity to escape 

inactivation, in each cell within a population. Moving forward, these data give confidence that a 

single-cell derived sample is likely representative of that X in an individual, at least in this tissue.  

 

Inactive X transmission was examined in related individuals from two CEPH families. The 

ability to fully evaluate heritability in this experimental context has challenges; sample sizes are 

small. Additionally, analysis is based not only on informative SNPs, but also informative Xi 

expression, i.e. heritability cannot be scored if Xi levels are similar in all individuals. 

Nevertheless, even with a limited number of genes tested, several important preliminary 
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conclusions can be made: (1) Simple modes of inheritance cannot explain Xi levels. For both 

NAA10 and HCFC1, wide variation in Xi expression between isogenic clones with different 

parental origin excludes autosomal inheritance. X-linked inheritance or imprinted expression was 

also excluded for NAA10, as clonal lines from CEPH-1331 sisters with the same parental Xi 

showed wide variation in Xi expression levels (Fig. 4a pink X1). Further, (2) Xi expression 

cannot be stochastic as analysis of multiple clones from a single individual gave identical results 

(Fig. 4c). Intraindividual variation instead supports another conclusion: Xi expression levels 

appear to be a property of an X that is stably established, likely epigenetically, but not at the 

level of DNA methylation. Such an answer is completely novel for the Xi and surprising given 

autosomal findings of heritable chromatin signatures and cis-regulatory variation [7,8]. 

Understanding the epigenetic basis of this variability, extending these results to other loci on the 

X, evaluating the epigenetic permissiveness of these two escape prone domains is the focus of 

our future research on this topic and grant submissions. 
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18. Extent of Clinical Activities Initiated and Completed.  Items 18(A) and 18(B) should be 

completed for all research projects.   If the project was restricted to secondary analysis of 

clinical data or data analysis of clinical research, then responses to 18(A) and 18(B) should 

be “No.” 

 

18(A) Did you initiate a study that involved the testing of treatment, prevention or 

diagnostic procedures on human subjects?  

______Yes  

__x___No  

 

18(B) Did you complete a study that involved the testing of treatment, prevention or 

diagnostic procedures on human subjects?  

______Yes  

___x__No  

 

If “Yes” to either 18(A) or 18(B), items 18(C) – (F) must also be completed.  (Do NOT 

complete 18(C-F) if 18(A) and 18(B) are both “No.”) 

 

18(C) How many hospital and health care professionals were involved in the research 

project? 

______Number of hospital and health care professionals involved in the research 

project 

 

18(D) How many subjects were included in the study compared to targeted goals? 

 

______Number of subjects originally targeted to be included in the study 

______Number of subjects enrolled in the study 

 

Note: Studies that fall dramatically short on recruitment are encouraged to 

provide the details of their recruitment efforts in Item 17, Progress in Achieving 

Research Goals, Objectives and Aims. For example, the number of eligible 

subjects approached, the number that refused to participate and the reasons for 

refusal. Without this information it is difficult to discern whether eligibility 

criteria were too restrictive or the study simply did not appeal to subjects. 
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18(E) How many subjects were enrolled in the study by gender, ethnicity and race? 

 

Gender: 

______Males 

______Females 

______Unknown 

 

Ethnicity: 

______Latinos or Hispanics 

______Not Latinos or Hispanics 

______Unknown 

 

Race: 

______American Indian or Alaska Native  

______Asian  

______Blacks or African American 

______Native Hawaiian or Other Pacific Islander 

______White 

______Other, specify:      

______Unknown 

 

18(F) Where was the research study conducted? (List the county where the research 

study was conducted.  If the treatment, prevention and diagnostic tests were offered in 

more than one county, list all of the counties where the research study was 

conducted.) 

 

 

19. Human Embryonic Stem Cell Research.  Item 19(A) should be completed for all research 

projects.  If the research project involved human embryonic stem cells, items 19(B) and 

19(C) must also be completed. 

 

19(A) Did this project involve, in any capacity, human embryonic stem cells?  

______Yes  

__x___ No  

 

19(B) Were these stem cell lines NIH-approved lines that were derived outside of 

Pennsylvania? 

______Yes  

_____   No  

 

19(C) Please describe how this project involved human embryonic stem cells:  

 

 

20. Articles Submitted to Peer-Reviewed Publications.  

 

20(A) Identify all publications that resulted from the research performed during the funding  
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period and that have been submitted to peer-reviewed publications.  Do not list journal 

abstracts or presentations at professional meetings; abstract and meeting presentations should 

be listed at the end of item 17.  Include only those publications that acknowledge the 

Pennsylvania Department of Health as a funding source (as required in the grant 

agreement). List the title of the journal article, the authors, the name of the peer-reviewed 

publication, the month and year when it was submitted, and the status of publication 

(submitted for publication, accepted for publication or published.).  Submit an electronic 

copy of each publication or paper submitted for publication, listed in the table, in a PDF 

version 5.0.5 (or greater) format, 1,200 dpi. Filenames for each publication should include 

the number of the research project, the last name of the PI, the number of the publication and 

an abbreviated research project title.  For example, if you submit two publications for PI 

Smith for the “Cognition and MRI in Older Adults” research project (Project 1), and two 

publications for PI Zhang for the “Lung Cancer” research project (Project 3), the filenames 

should be:  

Project 1 – Smith – Publication 1 – Cognition and MRI 

Project 1 – Smith – Publication 2 – Cognition and MRI 

Project 3 – Zhang – Publication 1 – Lung Cancer 

Project 3 – Zhang – Publication 2 – Lung Cancer 

If the publication is not available electronically, provide 5 paper copies of the publication.   

 

Note:  The grant agreement requires that recipients acknowledge the Pennsylvania 

Department of Health funding in all publications.  Please ensure that all publications listed 

acknowledge the Department of Health funding. If a publication does not acknowledge the 

funding from the Commonwealth, do not list the publication. 

 

Title of Journal 

Article: 

Authors: Name of Peer-

reviewed 

Publication: 

Month and 

Year 

Submitted: 

Publication 

Status (check 

appropriate box 

below): 

 

1.  None 

 

   Submitted 

Accepted 

Published 

 

20(B) Based on this project, are you planning to submit articles to peer-reviewed publications 

in the future?   

 

Yes____x_____ No__________ 

 

If yes, please describe your plans: 

 

Two papers will be submitted. 

 

1. Stahl J.M., Nickel G.C., and Carrel L., A rapid and quantitative allelic-expression assay. 

(2013) in preparation. This publication was reviewed, accepted, and considered in press 

for an issue of Methods in Molecular Biology but the editor recently decided not to 

complete the issue. The paper is currently being reformatted for submission to PLoS One.  
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2. Stahl J.M. and Carrel L, Genetic and chromosomal influences on inactive X expression 

(2013) in preparation. 

 

 

21. Changes in Outcome, Impact and Effectiveness Attributable to the Research Project.  

Describe the outcome, impact, and effectiveness of the research project by summarizing its 

impact on the incidence of disease, death from disease, stage of disease at time of diagnosis, 

or other relevant measures of outcome, impact or effectiveness of the research project.  If 

there were no changes, insert “None”; do not use “Not applicable.”  Responses must be 

single-spaced below, and no smaller than 12-point type. DO NOT DELETE THESE 

INSTRUCTIONS.  There is no limit to the length of your response.  

 

These studies have both basic biological and clinical relevance. These experiments are 

important for understanding the general mechanics of X chromosome inactivation, a critical 

process that turns off genes on one X chromosome in early female development and also 

gives important insight into the role that specific DNA sequences play in coordinately 

controlling clusters of genes not only on the X, but on other chromosomes as well.   

 

Of clinical importance is that the inheritance of an abnormal number of X chromosomes or 

portions of an X is a common birth defect, accounting for 1 in 650 live births. Many 

problems in these individuals result from inappropriate gene dosage due to the specific subset 

of X-linked genes that were studied in this project. It is essential to better understand these 

genes and how they are regulated in order to explain clinical features and to improve genetic 

counseling recommendations.  Finally, gender differences are well recognized in a large 

number of disorders ranging from heart disease to cancer. Hormonal and environmental 

differences play major roles, but chromosomal (genetic) differences must be considered in 

many of these disorders as well. Some genes on the X chromosome are expressed at higher 

levels in normal females compared to normal males and at variable levels between different 

females and become candidates to explain gender differences in normal traits and in the 

prevalence or in the presentation of many diseases. The studies begin to give a basic 

understanding of these genes that will be quite important for understanding the female 

genome and will guide future studies to explore their roles in gender aspects of genomic 

medicine. 

 

 

22. Major Discoveries, New Drugs, and New Approaches for Prevention Diagnosis and 

Treatment.  Describe major discoveries, new drugs, and new approaches for prevention, 

diagnosis and treatment that are attributable to the completed research project. If there were 

no major discoveries, drugs or approaches, insert “None”; do not use “Not applicable.”  

Responses must be single-spaced below, and no smaller than 12-point type. DO NOT 

DELETE THESE INSTRUCTIONS.  There is no limit to the length of your response. 

 

None 
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23. Inventions, Patents and Commercial Development Opportunities. 
 

23(A) Were any inventions, which may be patentable or otherwise protectable under Title 35 

of the United States Code, conceived or first actually reduced to practice in the performance 

of work under this health research grant?  Yes   No x  

 

If “Yes” to 23(A), complete items a – g below for each invention. (Do NOT complete items 

 a - g if 23(A) is “No.”) 

 

a. Title of Invention:   

 

b. Name of Inventor(s):   

 

c. Technical Description of Invention (describe nature, purpose, operation and physical, 

chemical, biological or electrical characteristics of the invention):   

 

d. Was a patent filed for the invention conceived or first actually reduced to practice in 

the performance of work under this health research grant?   

Yes  No  

 

If yes, indicate date patent was filed:   

 

e. Was a patent issued for the invention conceived or first actually reduced to practice in 

the performance of work under this health research grant?   

Yes  No  

If yes, indicate number of patent, title and date issued:   

Patent number:   

Title of patent:   

Date issued:   

 

f. Were any licenses granted for the patent obtained as a result of work performed under 

this health research grant?  Yes   No  

 

If yes, how many licenses were granted?    

 

g. Were any commercial development activities taken to develop the invention into a 

commercial product or service for manufacture or sale?  Yes  No  

 

If yes, describe the commercial development activities:   

 

23(B) Based on the results of this project, are you planning to file for any licenses or patents, 

or undertake any commercial development opportunities in the future?  

 

Yes_________ No__x________ 

 

If yes, please describe your plans: 
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24. Key Investigator Qualifications.  Briefly describe the education, research interests and 

experience and professional commitments of the Principal Investigator and all other key 

investigators.  In place of narrative you may insert the NIH biosketch form here; however, 

please limit each biosketch to 1-2 pages.  For Nonformula grants only – include information 

for only those key investigators whose biosketches were not included in the original grant 

application. 
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