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1. Grantee Institution:  Fox Chase Cancer Center 

 

2. Reporting Period (start and end date of grant award period):  1/1/2010 – 12/31/2013 

 

3. Grant Contact Person (First Name, M.I., Last Name, Degrees):  Maria Gill, M.B.A. 

 

4. Grant Contact Person’s Telephone Number:  215-728-2659 

 

5. Grant SAP Number:  4100050895 

 

6. Project Number and Title of Research Project:  4 - Role of a Novel Zinc Finger Factor in 

Hematopoietic Development    

 

7. Start and End Date of Research Project:  1/1/2010 – 12/31/2011   

 

8. Name of Principal Investigator for the Research Project:  Jennifer Rhodes, Ph.D.   

 

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:    

 

$645,048     

 

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, First Name Position Title % of Effort on 

Project 

Cost 

Rhodes, Jennifer Principal Investigator 30% Years 1-2 $68,595.32 

Datta, Madhusmita Scientific Technician 100% Year 1 $50,436.88 

Bilbee, Alison Scientific Technician 100% Years 1-2 $72,736.54 

Robu, Mara Postdoctoral Associate 42% Year 2 $27,637.97 

McDaniels, Suzanne Summer Assistant 100% Years 1-2 $4,375.21 

Ulrich, Allison Scientific Technician 100% Year 2 $44,086.48 

 

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, First Name Position Title % of Effort on Project 

None   

   

 

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__________ 
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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 

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: 

Dissecting the oncogenic 

and molecular function of 

a novel hematopoietic zinc 

finger factor 

NIH     

 Other federal 

(specify:________

______________) 

 Nonfederal 

source (specify: 

V Foundation) 

August 

2010 

$200,000 $200,000 

Mechanism of Drl-L3 

Mediated Hematopoietic 

Progenitor Cell 

Differentiation 

NIH     

 Other federal 

(specify:________

______________) 

 Nonfederal 

source (specify: 

American Cancer 

Society) 

October 

2013 

$778,254 pending 

Role of Zinc Finger Factor 

Drl.3 in Hematopoietic 

Differentiation 

NIH     

 Other federal 

(specify:________

______________) 

 Nonfederal 

source (specify: 

_____________) 

February 

2013 

$2,231,250 Not funded 

 

 

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:  
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A grant expanding on the CURE funded research is under review at the American Cancer 

Society.  The NIH applications did not receive funding. 

 

 

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

 

To better understand the G4-controlled molecular pathways that are important in healthy and 

malignant hematopoiesis and to pursue additional funding for these efforts. 

 

 

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: 

 

 Undergraduate Masters Pre-doc Post-doc 

Male     

Female 1   1 

Unknown     

Total 1   1 

 

 

 Undergraduate Masters Pre-doc Post-doc 

Hispanic     

Non-Hispanic 1   1 

Unknown     

Total 1   1 

 

 

 Undergraduate Masters Pre-doc Post-doc 

White 1   1 

Black     

Asian     

Other     

Unknown     

Total 1   1 

 

 

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

carry out this research project? 

 

Yes_________ No____X______ 
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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:  

 

 

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 
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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 

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. 
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Research Project 4:  Project Goals, Objectives/Specific Aims and Progress 

 

Goals 

Role of a Novel Zinc Finger Factor in Hematopoietic Development - The purpose of this project 

is to understand the role of a novel erythroid factor (G4) in hematopoietic development using the 

zebrafish model system. Since the molecular basis for G4 function in controlling erythropoiesis 

is completely unknown, we will determine where g4 fits in the hierarchy of transcription factors 

controlling hematopoietic development, identify its human ortholog, and perform 

structure/function analysis to identify the domains of g4 that are essential for its function. Results 

from these studies will provide insights into how normal blood cell development is controlled 

and how those processes are perturbed in cancer. 

 

Objectives and Aims 

A network of transcriptional regulators coordinates the cell fate choices and progressive 

differentiation of hematopoietic stem cells, a process that is incompletely understood. 

Hematopoiesis is conserved throughout vertebrate evolution, and we have employed the facile 

zebrafish experimental model system to identify a novel molecular effector, called g4, that is 

critical for erythroid development. G4 is part of a cluster of highly homologous genes in 

zebrafish, and the corresponding human gene cluster encodes zinc finger factors of unknown 

function. The objective of this project is to investigate the role of g4 in hematopoietic 

development using the zebrafish model system. We intend to do so according to the following 

aims: 

 

Aim 1. Use epistasis analysis to determine where g4 function is positioned within the hierarchy 

of known regulators of erythroid development. This will be accomplished by performing 

morpholino knockdown of known molecular effectors of primitive hematopoiesis (g4, scl, gata1, 

pu.1), determining how this affects g4 expression, and assessing whether forced expression of g4 

mRNA rescues the developmental blockade. 

 

Aim 2. Utilize a complementation strategy to investigate the specificity of function among g4 

family members and identify human paralogs. We will knock down g4 expression and determine 

if forced expression of the other members of the zebrafish gene cluster or the human paralogs are 

able to restore development. Because the zebrafish family members are highly similar, this may 

inform the structure/function analysis if differences among family members are identified. 

 

Aim 3. Perform structure/function analysis to identify domains or motifs of g4 that are essential 

for function. We will do so by determining if mutant g4 constructs lacking conserved domains or 

motifs are able to rescue the developmental arrest caused by g4 knockdown. 

 

Together, these studies will provide insight into the function of g4 in normal development of 

erythroid precursors as well as to how its misregulation might contribute to their transformation.  

 

Final Progress Report 

Aim 1. Use epistasis analysis to determine where g4 function is positioned within the hierarchy 

of known regulators of erythroid development. 
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Mammalian and zebrafish models have been used to establish essential roles for pu.1 in white 

blood cell development and gata1 in red cell development, defining a cross-antagonistic function 

for these factors in determining hematopoietic progenitor cell fate. This is evidenced by 

morpholino knockdown of zebrafish gata1 which blocks hematopoietic progenitor cell 

differentiation to the erythroid lineage and instead causes the progenitor cells to transfate to the 

myeloid lineage. Similarly, pu.1 morpholino knockdown causes a loss of myeloid cells and 

transfates the progenitor cells to the erythroid lineage. Since erythropoiesis occurs exclusively in 

the posterior hematopoietic region in the zebrafish embryo, while myelopoiesis occurs in both 

the posterior and anterior hematopoietic compartments, pu.1 morpholino-injected (morphant) 

embryos display ectopic erythroid development in the anterior of the embryo. Our studies 

focused on the interplay of the novel gene g4 with the pu.1-gata1 axis regulating hematopoiesis. 

 

 
Figure 1. G4/Drl.3 is essential for erythroid development.  

(a) Control- (mismatch, L3MM) and drl.3 morpholino- (L3MO) injected embryos at 24 hpf showing live 

Tg(fli1a:EGFP) marking of the vasculature and gata1 and hbae1 WISH, as indicated. (b) Embryos at 35 

hpf showing live Tg(fli1a:EGFP) pattern, with a magnified view of the PBI region, and o-dianisidine 

stained embryos with an enlargement of the anterior region. (c) RT-PCR analysis of individual 

Tg(gata1:DsRED) control and L3MO-injected embryos. Drl.3 morphants were sorted for normal or 

decreased (estimated < 60% of normal) numbers of circulating erythrocytes at 48 hpf. (d) Quantitation of 

the levels of drl.3 expression normalized to b-actin from RT-PCR analysis in (c). **P = 0.0019 and P = 

0.0015 (Student’s t-test). (e) WISH of gata1 and slc4a1a in 48 hpf control and drl.3 morphants. (f) O-

dianisidine stained control and drl.3 morphants at 4 dpf; lateral views (left panels) and ventral views of 

the anterior region (right panels). (a-b, e-f) The number of the embryos with the representative phenotype 

per total number of embryos is shown; lateral views with head to the left, dorsal upward. 
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To examine whether g4 is essential for erythroid development, we examined the expression 

pattern of gata1 in g4 morphant embryos. We have found a decreased number of cells expressing 

gata1 in g4 deficient embryos as determined by whole mount RNA in situ analysis (Figure 1a) at 

24 hours post-fertilization (hpf). G4 is not necessary for the normal development of the 

vasculature as determined by a normal pattern of fli1:GFP transgene expression in g4 morphants 

(Figure 1a-b). The incomplete penetrance of the phenotype was not due to the efficacy of g4 

knockdown, as affected and unaffected embryos had similar levels of wild-type g4 message, 

which was depleted but not completely absent (Figure 1c). While gata1 expression appeared 

normal at 48 hpf, markers of more mature erythrocytes were decreased through 4 dpf in g4 

morphants (Figure 1e-f).   

 

 
Figure 2. Knockdown of g4/drl.3 transiently decreases myeloid cells without altering the emergence of 

primitive progenitor and definitive stem cells. 

(a) WISH of scl at 24 and 48 hpf, and runx1 (dark blue)/ slc4a1a (red) at 48 hpf in L3MM control- and 

L3MO-injected embryos, as labeled. Embryos shown as lateral views. (b) WISH of spi1, l-plastin and 

mpx at 24 hpf and l-plastin and mpx 48 hpf.  Dorsal, anterior (24 hpf only, right panels) and lateral views 

are shown. (c) Quantitation of the number of the WISH spi1+, l-plastin+ and mpx+ cells in the anterior of 

the embryo at 24 hpf and total body l-plastin+ and mpx+ cells at 48 hpf in control (L3MM, blue) and 

L3MO-injected (red) embryos (N=8 for each column except for mpx at 24 hpf where N=15, bars show 

mean  S.E.). **P = 0.0044, ***P < 0.0001 and *P = 0.0156 (Student’s t-test). (d) Quantitative real-time 
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PCR analysis of drl.3 in whole embryo RNA samples from 24 and 48 hpf drl.3 morphants (red) and 

controls (L3MM, blue, set to 1, arbitrary units). **P = 0.0042 and ***P < 0.0001 (Student’s t-test). (e) 

Quantitative real time PCR analysis of scl, spi1, gata1a, gata1b, and drl.3 in whole embryo RNA samples 

from pools of 30 hpf drl.3 morphants (red) compared to control-injected embryos (blue, set to 1, arbitrary 

units). *P = 0.0114, **P = 0.0083 and ***P = 0.0005 (Student’s t-test). (d-e) Bars show mean  S.D., 

from three independent experiments. Expression was normalized to gapdh. 
 

 

In contrast to gata1 morphants that show an expansion of pu.1-positive cells in the erythroid 

blood-forming region of the embryo, 24 hpf g4 morphants have slightly decreased numbers of 

pu.1-expressing cells (Figure 2). Additionally, at 24 hpf, embryos deficient for g4 have half the 

number of myeloid l-plastin-expressing cells compared with control-injected embryos (data not 

shown).  These data indicate that g4 is important for the development of both primitive erythroid 

and myeloid lineages. However, 48 hpf g4 morphants display normal numbers of myeloid cells 

and runx1+ stem/progenitor cells in the aorta-gonad-mesonephros region (Figure 2). 

 

We wanted to examine the functional overlap between gata1 and g4 because the g4 morphant 

does not mimic the gata1 morphant. The erythroid and myeloid defects in g4-deficient embryos 

(morphants) could be reverted back to a wild-type state by co-injecting g4 mRNA with the g4 

morpholino (Figure 3). However, enforced expression of gata1 was not sufficient to rescue g4 

morphants (Figure 4). Furthermore, we found that enforced expression of g4 is not sufficient to 

rescue the erythroid deficiency in gata1-depleted embryos (Figure 4).  Likewise, depletion of g4 

leads to decreased expression of g4 and gata1 (Figure 5 and Figure 4). We performed 

morpholino-based studies to show that gata1 knockdown resulted in a severe reduction in cells 

expressing g4 while pu.1 knockdown caused an expansion of g4 expression in the anterior 

myeloid compartment (Figure 4). These data are consistent with g4 expression tracking closely 

with the erythroid lineage.  
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Figure 3. Morpholino-induced defects are due to knockdown of g4/drl.3 activity.  

(a) WISH of gata1 at 24 hpf, l-plastin at 25 hpf, and slc4a1a at 48 hpf in L3MM- and L3MO-injected 

embryos and embryos co-injected with L3MO and drl.3 mRNA. Embryos shown as lateral views, head 

left. WISH for l-plastin also shows dorsal, anterior views. (b) Percent of L3MM- and L3MO-injected and 

L3MO/drl.3 mRNA co-injected embryos with normal (wt) or decreased (*; estimated  60% of normal) 

numbers of gata1 or slc4a1a-expressing cells. The numbers of embryos are indicated in the columns. 

***P < 0.0001 (Fisher’s exact test). (c) Percent of embryos with normal (wt) or decreased (*) numbers of 

l-plastin-expressing cells, as labeled. The numbers of embryos are indicated in the columns. *P = 0.0445 

(Fisher’s exact test). 



 

 12 

 
 
Figure 4. Loss of gata1 and spi1 affect g4/drl gene family expression.  

(a) WISH of drl family members in gata1 and spi1 morphants (MO) compared to uninjected embryos at 

24 hpf. From top to bottom: drl, drl.1, drl.2, drl.3, and l-plastin (dark blue)/slc4a1a (red). Lateral views, 

head to the left (left panels); anterior, dorsal views (right panels). The number of the embryos with the 

representative phenotype out of the total number of embryos is indicated. Arrows in the panels showing 

dorsal views indicate an increase or decrease in the numbers of WISH+ cells. (b) Quantitation of the 

number of drl gene family-expressing cells in the anterior hematopoietic region of control (UI), gata1 

morphants and spi1 morphants at 24 hpf. N=10 for each column. Bar shows mean  S.D. *P = 0.0013, 

**P = 0.0002, *^P = 0.0003 and ***P < 0.0001 (Student’s t-test). (c) WISH of drl family members in the 
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indicated embryos at 48 hpf. Embryos shown as lateral views. Horizontal arrows indicate the region 

where cells in circulation can be visualized. Downward facing arrows indicate decreased WISH+ cell 

numbers. (d) Percent of L3MM-injected, L3MO-injected, and L3MO/gata1 mRNA co-injected embryos 

that have normal (blue, wt) or low numbers of erythroid cells (red, *estimated  60% of normal) based on 

o-dianisidine staining at 48 hpf. (e) Quantitative analysis of uninjected, gata1 MO-injected, and gata1 

MO/drl.3 mRNA co-injected embryos that have normal (blue, wt) or low numbers of erythroid cells (red, 

*) based on o-dianisidine staining at 48 hpf. (d-e) Numbers of embryos are indicated in the columns. 

Statistical significance was analyzed using Fisher’s exact test. 
 

In sum, these data indicate that gata1 and g4 do not participate in a linear pathway and suggest 

that these factors have functions in addition to supporting the expression of each other. Possible 

explanations are that the stem/progenitor cells are impaired from further differentiation or/and 

the cells do not survive. The stem cell marker scl was present at comparable levels in control and 

g4-deficient embryos (data not shown), indicating that the g4-deficiency does not inhibit 

formation of a stem/progenitor cell population. In total, our data indicate that g4 is a new, 

important regulator of primitive hematopoiesis in zebrafish.  

 

 

Aim 2. Utilize a complementation strategy to investigate the specificity of function among g4 

family members and identify human paralogs. 

To address this aim we planned to knock down g4 and determine if forced expression of the 

other members of the zebrafish gene cluster or the human paralogs are able to restore 

development. Indeed, depletion of g4 leads to decreased expression of the other gene family 

members; however, enforced expression of the founding member of this family did not rescue 

the erythroid or myeloid cell deficiencies in g4 morphants (Figure 5).  This indicates that g4 has 

a specific and essential role in hematopoiesis. This also indicates that the three regions of G4 that 

are not homologous to the other gene family members have important roles in the function of the 

protein. The preliminary data generated from Aims 1 and 2 have been submitted to the journal 

Scientific Reports to be considered for publication and are the basis for an American Cancer 

Society Research Scholar Award application. 
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Figure 5. Enforced expression of gfamily/drl is not sufficient to rescue g4/drl.3 morphants.  

(a) WISH of drl, drl.1, drl.2, and drl.3 in 24 hpf L3MM- and L3MO-injected embryos. Lateral 

views, head to the left (right) and dorsal anterior views (left). Number of embryos with 

representative phenotypes per total embryos analyzed is indicated. (b) Percent of control (L3MM) 

or drl.3 morphants (L3MO) ± drl mRNA that display normal (wt) or low (estimated ≤ 60% of 

normal) numbers of o-dianisidine+ cells.  Two amounts of drl mRNA were tested: 3 ng/embryo 

and 6 ng/embryo. Co-injection of L3MO + 3 ng of drl mRNA per embryo resulted in 32% of 

embryos showing decreased numbers of o-dianisidine+ cells versus 34% of drl.3 morphants. 

Similarly, 6 ng drl mRNA + L3MO resulted in 32% of the embryos displaying decreased 

erythrocytes compared to 29% of the L3MO-injected morphants. P values determined by 

Fisher’s exact test. 
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Next, we turned our focus to determining whether the potential human homologs are functionally 

equivalent to g4 in zebrafish. Homology, synteny and phylogeny did not identify an obvious 

candidate (Figure 6). To narrow which human genes are more likely to be homologs of g4, we 

consulted with experts in the FCCC Bioinformatics and Molecular Modeling core facilities. 

Zebrafish G4 contains multiple consecutive Cys2-His2 (C2H2) zinc-finger domains and the gene 

is strongly expressed in embryonic hematopoietic stem and progenitor cells, but expression is 

barely detectable in mature myeloid cells.  We used bioinformatics to identify human genes that 

had similar patterns of expression and were homologous to G4 protein. We identified 15 putative 

human g4 homologs.  Synteny, homology, and expression analyses did not make obvious which 

one of these genes is most likely to be the g4 homolog. Oncomine expression data indicates that 

many of the putative g4 human homologs have aberrant expression levels in a variety of 

leukemias, although expression levels were often normal in pre-leukemic (MDS) samples. The 

pathogenic contributions of the putative g4 homologs have not been examined.  Future studies 

will examine the function of the newly identified, putative human g4 homologs.  

 

 
Figure 6. (Below) G4/Drl.3 cross-species homology and synteny analyses.  

(a) Analysis of synteny of the zebrafish drl genomic region compared to human, mouse and chicken 

genomes.  (b) Comparison of human gene region on Chr. 17 encompassing PEX12 and AP2B1, which 

flank the g4/drl family in zebrafish, to the genomic locations of the equivalent genes in the zebrafish, 

mouse, and chicken genomes. X=no homolog identified. (c) Genomic locations of human genes encoding 

proteins homologous to Drl.3. (d) Chromosomal locations of the human genes encoding Drl.3-like 

proteins and the murine genes encoding proteins that are similar to these human proteins.  Murine genes 

were identified by homolog name (Murine Gene Accession, 3rd column) or the translated human proteins 

were used as query sequences into NCBI murine protein databases as indicated (columns 5-8). Top two 

hits are shown. Genes are listed by gene name and, if available, accession number. Chromosomal 

locations are listed to the right of the genes. ND=not found. Note the high homology of several mouse 

proteins to different human factors (BLASTp: Zfp27, EDL39830.1, EDL10295.1, etc.).  
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Aim 3. Perform structure/function analysis to identify domains or motifs of g4 that are essential 

for function.  

 
Figure 7. Detection of G4/Drl.3 protein.  

(A) Western analysis of Drl.3 protein in uninjected (UI), g4/drl.3 morphants of morphants ablated for the 

entire g4 family. The protein quantity at 24 hpf and 48 hpf  is shown to the right. (B) Western detection of 

Drl.3 protein in nuclear and cytoplasmic extracts from uninjected embryos. 
 

 

Our ability to evaluate the activity of wild-type g4 is essential for aim 3 studies. To do this, we 

have developed in vitro transcriptional reporter assays, in vivo rescue analysis and generated a 

novel antibody that recognizes the zebrafish G4 protein (Figure 7).  During the grant term, we 

have successfully used the G4 antibody to detect the protein using western analysis of a cell line 

transfected to express the protein and in whole mount zebrafish embryos, although we were 

unsuccessful in detection endogenous protein in whole mount embryos.  The initial in vitro 

transcriptional reporter assays were done using a reporter construct in which a short fragment 

upstream of the g4 gene was controlling expression of a luciferase reporter gene.  Unfortunately, 

we obtained variable results using this construct.  We subsequently subcloned the entire region 

upstream of the ATG containing exon of g4 into the luciferase reporter vector (Figure 8).  

Preliminary studies indicated that g4 can activate transcription from this reporter, and a more 

complete study is ongoing to further refine this assay (Figure 8).  Thus far, these studies have 

shown for the first time that G4 can regulate transcription and have begun to narrow in on the 

upstream regulatory sequences essential for autoregulation. 
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Figure 8. Autoregulatory activity of G4/Drl.3. 

 (A) Luciferase reporter assays showing the activation of the entire sequences upstream of the drl.3 ATG 

site by Drl.3 protein in 293T cells. (B) Detection of transfected Drl.3 protein in 293T cells. (C) Luciferase 

reporter assay results from 293T and zebrafish embryos using the constructs diagrammed on the left.   
 

 

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? 
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______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. 

 

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  
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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 

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, and an abbreviated title of the 

publication.  For example, if you submit two publications for Smith (PI for Project 01), one 

publication for Zhang (PI for Project 03), and one publication for Bates (PI for Project 04), 

the filenames would be:  

Project 01 – Smith – Three cases of isolated 

Project 01 – Smith – Investigation of NEB1 deletions 

Project 03 – Zhang – Molecular profiling of aromatase 

Project 04 – Bates – Neonatal intensive care  

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 

 

2. 

 

   Submitted 

Accepted 

Published 
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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: 

 

We are aiming to submit the ongoing studies that stemmed from CURE funded research to peer-

reviewed publications. 

 

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.  

 

None. 

 

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. 

 

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):   
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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: 

 

 

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. 

 

See attached biosketch. 
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INSTITUTION AND LOCATION 
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