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DBS: Project Seminar Guidelines 
Updated on 19 January 2011 
 
Project Area Review Seminar (“Project I”)  
Content: 
This is a comprehensive review of the literature in the area the student has selected for their PhD. This should 
include  

(a) History (what findings opened this area of research? What were the significant milestones in 
understanding?)  

(b) Current status of the field (what were the findings in the most recent year or two? Where appropriate, 
what is the “state of the art” in terms of technology? 

(c) What are the open questions? Where is the area headed? This should not focus on what YOU intend 
to do (that’s the subject of the second Project seminar), but include several open questions in the field. 
(Naturally it is expected that you are going to focus on one of the important open questions!). 

Format: 
No write-up is expected for this seminar. The seminars will be open, ie all Department members will attend. 
Please plan to have time for interruptions and questions- do not plan a long talk that then face having to wrap 
up for shortage of time. Include a SMALL section at the end in which you discuss the question you will focus 
on, and show perhaps 1 or 2 slides to make the point that you have begun to do experiments and get 
preliminary results. This section should be small and NOT more than a couple of slides. 
Preparing for your Project Area Review seminar 
1. Starting at least 2 months prior to your Project I date; discuss your area and reading with your 
advisor. Plan an outline for your presentation (say 10 slides). Outline the sub-areas you will cover. 
List the papers you will read. 
2. Have a meeting with your Thesis Committee 1 month prior to your Project I date. This makes a key 
difference to how you will do. Get their input on (1). 
3. During your preparations for Project I, it is expected that you have extensive discussions with your PI, 
including but not limited to “why are we pursuing this particular angle and not this other angle I have come 
across as an open question?” This is the level of understanding of the field we expect you to have achieved 
during your preparation, and you can expect to be questioned at this level. You should be prepared to answer 
questions such as 

-- What held back the field so that XX experiment only happened in 2005? What was the limitation 
before? What has been the progress since? 

-- What is the accepted standard in the field to answer questions of this nature (of interaction/function etc).  
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Project Proposal Seminar (formerly “Project II”) 
Content: 
This is a detailed proposal of the actual questions the student intends to address for his/her PhD. It should be 
written in “Grant Proposal” format, as if you were applying for funding to do this research. This means you 
have to convince a body of experts why they should allocate funds to YOUR project over other projects. Also, 
this should be a realistic proposal of what you think you can achieve in the coming 3 or so years.  
Your proposal can include “preliminary data” which has been generated by other people or by yourself. This is 
useful if it backs up your proposed research- to show why its worth doing a particular experiment, or to show 
that a particular technique works in your hands. NOT useful if it only serves to provide an accounting of your 
time in the dept.! Select carefully and don't hesitate to use work of others (with proper citation) where 
appropriate. It’s not necessary to show everything you did that worked. We’ll get the idea with a couple of key 
slides that make a point rather than just show more and more data. 
Everything you dream of doing does not have to end up in your grant proposal- you can surely end up doing 
MORE than what you propose. However, what DO you propose should be feasible or at least show some 
indication that you have thought each step through. So make sure all the techniques you propose to use are 
either set up in your lab/you have preliminary data on them/you have concrete plans to learn them via a 
collaborative visit/some such provision. Pay attention to the timeline- when will you do what in your proposal? 
What will your first 6 months be focused on? DO include a timeline stating what you expect to achieve in 
every 6-month period after your registration for PhD. Use this timeline in subsequent years to calibrate how 
realistic you were. This is part of your training and will serve you well in the future. 
Format: 
You have to submit a written proposal to your Thesis Committee members (sample attached). The DRAFT 
version should be ready 1 month prior to your seminar, and the FINAL version should be ready 1 week prior 
(1 wee= 7 days. Don’t push a deadline. Be professional and submit on time). The proposal should be TOTAL 
6 pages (Times Roman 12 point, single spacing or equivalent), where the approximate division suggested is 
as follows: 
Abstract: 200-300 words only. 
2 pages: Specific Aims and Background. Be sure to put in only background that is relevant to the experiments you 
propose, not a general review of the field. List the specific aims up front right after the abstract. 
2 pages: Research design and Experimental methods 
2 pages: References, Timeline, Hazardous Materials declaration, Budget, Justification for budget 
A sample grant proposal is enclosed for a general idea of the format. You should also get proposals from your 
advisor or others who work in related areas to use as guides in terms of content and how experiments in your 
area are detailed. 
The seminars will be open, i.e. all Department members will attend.  
 
Preparing for your Project proposal seminar 
1. Meet with your advisor at least 2 months prior to your Project II date. Chalk out at this very meeting what 
your SPECIFIC AIMS will be, since they are the heart of your presentation. Begin your presentation (and your 
grant) with your specific aims so everyone knows where you will be going with your presentation. 
2. Have a meeting with your Thesis Committee 1 month prior to your Project II date. You MUST have a 
DRAFT of your grant proposal ready, and also a draft of your presentation (say 10 slides) by this time. You 
should give your committee your draft proposal a couple of days before your meeting so they can look over it. 
This makes a key difference to how you will do. Are the specific aims do-able? Are they too broad? Too much 
to do in 1 PhD thesis? (this is the most common problem- students underestimate how long it takes to actually 
do the experiments). How will each aim be achieved? The nitty-gritty of each experimental technique should 
be in your command by the end of this process. 
3. During your preparations for Project II, it is expected that you have extensive discussions with your PI, 
including but not limited to “why are we not using this particular approach? This other group has used it 
effectively” This is the level of understanding of the field we expect you to have achieved during your 
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preparation, and you can expect to be questioned at this level. You should be prepared to answer questions 
such as 

-- Why is the broad aim of my thesis a current question- why wasn’t it done already by someone working 
on this 5 years ago? 

-- What is the most conclusive approach to test the hypothesis you have proposed? The best way of 
reaching your specific aims?  

-- What will the title of the paper I write from this work be? (This is to make you identify the very core of 
your proposal). This should be what you spend most time on, or working towards. 

4. Getting input: “Seniors” will give you input (this seems to be the most preferred group that students 
preparing for Project seminars approach); so will lab mates, PIs, and your thesis committee members. One 
way to evaluate the nature of the input is that if it makes you feel comfortable, it’s not pushing you to learn 
and grow. Critical input gives you a glimpse of the long road ahead, shakes you up sometimes and makes 
you at least a little bit uncomfortable. If you are not getting this sort of input, you are not getting the best 
possible training. Seek the best possible critical input. You’ll know when you are getting it.  
5. Your final grant proposal is due 1 week prior to the first of the series of project seminars. This is so that 
people presenting later don’t have longer to work on it- everyone must have turned it in 1 week prior. So you 
really have only 3 weeks to work on it after meeting with your Thesis Committee. The better your draft is, the 
better will be the level of input they can give you. Remember- your committee is on YOUR team to help train 
you as a student of science.  
6. It is expected that you attend all Project seminars and learn from each other’s strengths and mistakes. 
------------------------------------------------------------------------------------------- 

The comprehensive exam is in two parts, following each of your Project Seminars (I and II). You 
will be questioned not only about your area and your proposed experiments, but also any issue that is related 
to your work conceptually, or experimentally, or technically, as well as questions outside your area- such as 
from the coursework you completed. For example, a student using P-element mediated mutagenesis may get 
questioned about DNA recombination mechanisms. Or, experiments on signaling molecules may lead to 
questions about diffusion, estimating concentration of molecules in small spaces etc. A proposal studying 
neurogenesis may lead to questions about cell division machinery that pertain to the system under study. 
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SAMPLE with guidelines for writing a research proposal. 
 
Note to Students: This is a SAMPLE research proposal, to give you an idea of what a full length proposal 
looks like in terms of outline, content, how to describe Specific aims, how to write the experimental 
approach etc. Even if the science doesn’t make sense to you, please read each section to get an idea of 
the KINDS of things you are supposed to write about under each heading. 
At the end are SAMPLES of Timeline, Hazardous Materials Declaration, Budget, Justification for Budget, 
to give you an idea of how much detail you need to think about. 
 
What we expect from you is a proposal of TOTAL 6 pages (Times Roman 12 point, single spacing or 
equivalent), where the approximate division suggested is as follows: 
Abstract: 200-300 words only. 
2 pages: Specific Aims and Background. Be sure to put in only background that is relevant to the 
experiments you propose, not a general review of the field.  
2 pages: Research design and Experimental methods 
2 pages: References, Timeline, Hazardous Materials declaration, Budget, Justification for budget 
-------------------------------------------------------------------------------------------------------------------------- 
SAMPLE PROPOSAL BEGINS HERE 
-------------------------------------------------------------------------------------------------------------------------- 
Title: Role of Wnt genes in patterning the mouse telencephalon 
  
Abstract: 
A dramatic cell-fate decision in the telencephalon occurs in a discrete portion of the medial telencephalic wall, 
where the neuroepithelium generates non-neural choroid plexus (CP) instead of cortical tissue. How is CP 
specified to develop in selected regions of neuroepithelium? My sponsor's laboratory has isolated a novel Wnt 
gene (WntC) and two known Wnt genes 3A and 5A, that are selectively expressed around the primordial 
telencephalic CP during the earliest stages of its formation. Wnt genes are known to regulate boundaries in various 
embryonic tissues, at crucial stages in development. This proposal will test the hypothesis that Wnt genes are 
involved in specifying the site of CP formation, and regulating CP development in the telencephalon.  
 
The specific aims are  
1) To examine the role of genes upstream and downstream of Wnt signaling, in CP formation. As part of this aim, 
genes encoding candidate receptors for Wnt genes will be isolated from the primordial CP.  
2) To analyze tissue interactions that underlie CP induction, using organotypic slice culture, where the 
neuroepithelium as well as mesenchyme will be tested for CP-inducing ability  
3) To test directly if Wnt gene expression is sufficient to induce CP in vitro and in vivo, using retroviral vectors 
carrying WntC, Wnt 3A or Wnt 5A .  
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Specific Aims  
 
1) To examine the role of genes downstream and upstream of Wnt signaling, in CP formation 

1.1. To isolate frizzled genes specific to the medial telencephalon, including the choroid plexus 
1.2. To evaluate the XtJ mouse, which is disrupted in the Gli3 gene and lacks telencephalic 
choroid plexus, as a system to test Wnt gene function. 

 
2) To analyze tissue interactions that underlie the patterning of the telencephalon, using organotypic 

slice culture 
2.1. To examine the mesenchymal-epithelial interactions in choroid plexus formation 
2.2. To test if the Wnt-expressing telencephalic tissue can induce choroid plexus in ectopic 
regions of telencephalon 

 
3) To test directly if Wnt gene expression is sufficient to induce choroid plexus  

3.1. in vitro  
3.2. in vivo 

 
Background 
 The choroid plexus (CP), which produces cerebrospinal fluid, is formed in the ventricles of the 
telencephalon from embryonic day 11.5 (E11.5) in the mouse, where its development overlaps with the peak 
period of forebrain neurogenesis [1]. CP epithelium is derived from the neural tube itself, and therefore 
presents a critical patterning problem: How are two completely different tissues, cerebral cortex and choroid 
plexus, generated from the telencephalon, and how is this regulated?  
Choroid Plexus formation 
 In the telencephalon, part of the neuroepithelium of the medial walls of the two-telencephalic vesicles 
effaces, and becomes invested with mesenchyme. This primordial CP invaginates into the telencephalic 
ventricles where it continues to proliferate and develop [1], and is present through the life of the animal. 
Mature CP consists of a specialized cuboidal epithelium that is continuous with the ependymal layer of the 
ventricles, and an inner fibrovascular stroma that is continuous with the meninges on the outer surface of the 
brain. The earliest protein known to be secreted by CP epithelium is transthyretin (TTR), a transport protein 
for thyroxine, which is detectable as soon as choroid epithelium begins to appear morphologically distinct 
from that of the neural tube [2]. TTR expression in the choroid epithelium is followed by expression of a 
mitogen, insulin-like growth factor II (IGF-II). The mesenchyme that forms the inner stroma of the CP is 
thought to provide inductive signals that causes the epithelium to begin to differentiate into choroid epithelium 
[3].  
 A critical, unresolved question is how particular regions of the neural tube are specified to form 
choroid plexus. Thomas and Dziadek [4] show that only regions of the neural tube that normally form CP i.e. 
forebrain and hindbrain neuroepithelium, can differentiate into CP-like cells in vitro. The mechanisms 
underlying these results remain unresolved. Induction of CP may result from signals from the adjacent 
neuroepithelium, from the mesenchyme, or from interactions between these tissues and the presumptive CP 
epithelium. The responsiveness to potential signals may also be restricted, thus localizing the site of CP 
formation. These possibilities are discussed below. 
 
Epithelium-mesenchyme interactions 
 Epithelial- mesenchyme interactions are known to be critical to the organogenesis of several 
structures including teeth, eye, ear, heart, and limb. The expression of homeobox genes msx1 and msx2 
(homologous to Drosophila muscle-specific homeobox gene msh) in primordial tooth epithelium and 
mesenchyme, parallels the developmental events in tooth maturation [5]. Epithelial-mesenchyme interactions 
are required for msx1 and 2 expression in these tissues [6]. These results are significant to this proposal 
because msx 1 and 2 have been reported in the mesenchyme of the meninges of the early embryonic brain, 
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and also in the epithelium of the developing CP [5; Figure 2]. Furthermore, mesenchymal investment of CP 
epithelium begins from the earliest stages of CP formation, and has been suggested as a source of inductive 
signals for CP epithelium [3]. Msx1 and msx2 are therefore strong candidates for participating in epithelial-
mesenchyme interactions in this system as well. 
 
Inductive properties of neuroepithelium 
 The model of an adjacent zone of neuroepithelium inducing CP has parallels in the isthmus, the 
region of neuroepithelium at the mesencephalic-metencephalic boundary. If the isthmus is transplanted to 
ectopic locations in vivo, it induces tissue with morphological and molecular features of cerebellum and 
midbrain [7]. Wnt1, a member of the vertebrate Wnt gene family homologous to the Drosophila wingless gene, 
is strongly expressed in the isthmus. Mice that are null mutants for Wnt1 do not develop the mes-
metencephalic structures, cerebellum and midbrain [8]. In transplantation experiments, the ability to induce 
ectopic mes-metencephalic structures was greatest in the most Wnt1-rich region of the mes-metencephalic 
boundary. Furthermore, development of ectopic structures was subsequent to a new zone of Wnt 1 
expression in the host tissue adjacent to the graft [7]. These studies suggested that a Wnt1 zone of 
expression may function to regulate two differently specified territories on either side.  
 In the telencephalon, the neuroepithelial-choroid border may also be similarly regulated by a Wnt-rich 
zone of expression (described in previous work on this project, below). 
 
 Wnt genes as patterning molecules 
 Wnt genes encode secreted glycoproteins that act both cell-autonomously as well as on neighboring 
cells. The Wnt family members display temporally and spatially restricted patterns of expression during 
development, where they are involved both in setting up boundaries between tissue types in early 
development, and in regulating region-specific cell proliferation and adhesion [8-11]. Though Wnt1, the first 
member of this family, was identified as a protooncogene [12], and all the subsequently identified members of 
the Wnt family have been implicated in oncogenesis or tumor growth [13], several lines of evidence 
suggest a primary role for Wnt genes in early patterning events during embryogenesis. Mice in which 
the Wnt1 gene has been disrupted, fail to develop midbrain and cerebellar structures [8], while Wnt 3A null 
mutant mice display defective gastrulation leading to axial truncation [11]. Similarly, Wnt 4 and Wnt 7A are 
necessary for the development of the kidney [14] and the limb bud [15], respectively. In the limb bud, pattern 
formation is thought to be the result of interactions between Wnt 7A, FGF4 (fibroblast growth factor-4), and 
SHH (sonic hedgehog), which control the three axes -dorsoventral, proximodistal and anteroposterior, 
respectively [16]. In Xenopus embryos, injection of Xwnt1/3A/8 into ventral blastomeres results in duplication 
of the embryonic axis, while injection of Xwnt5A into dorsal blastomeres causes defective head and tail 
structures [17, 18]. Together, these results suggested that Wnt genes are expressed in regions of active 
patterning. 
 
The Wnt signaling pathway 
 Several genes have been implicated in the signaling pathway of wingless (wg), the Drosophila 
homolog of mammalian Wnt genes. In Drosophila, there is strong evidence that wg is directly regulated by the 
zinc-finger transcription factor CiD [19]. wg encodes a secreted glycoprotein, that acts both cell-autonomously 
as well as on immediately neighboring cells. Candidate receptors for wg, the frizzled genes have recently 
been identified. These Dfz genes encode 7-transmembrane proteins different from G-protein coupled 
receptors, and function as cell-surface receptors for wg [20]. Mammalian homologs of Dfz, the Mfz genes, 
have also been isolated [21]. It is critical to determine whether mouse frizzled genes are expressed in the 
Wnt-expressing tissue, in the primordial CP tissue, or in the mesenchyme, which might function as an 
intermediary between Wnt signaling in the neuroepithelium and choroid epithelial induction.  
 
Perturbing Wnt expression 
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 One definitive means of testing if a candidate gene is necessary for the development of a particular 
tissue is to generate mice in which that gene has been disrupted, and analyze the null mutant mice. This 
approach is not appropriate to test the role of Wnt genes in CP formation because multiple Wnt genes, Wnts 
C, 3A and 5A are expressed adjacent to the primordial choroid plexus, and either one or any pair of these 
may be sufficient to regulate CP formation in the absence of the third gene.  
 An exciting finding is that the mouse mutant strain extra-toesJ (XtJ), does not form choroid plexus in 
the telencephalon [22]. The XtJ mutation is due to an intragenic deletion of the zinc finger transcription factor 
Gli3, a mammalian homolog of the Drosophila CiD gene [23]. Since CiD directly regulates wg in Drosophila 
[19], it is possible that XtJ mice do not express the appropriate Wnt genes in the telencephalon, and that this 
may be the immediate cause underlying the lack of telencephalic CP. If XtJ mice do indeed show reduced or 
no Wnt expression, then this commercially available strain may serve as a Wnt-deficient mouse, in which the 
roles of Wnt genes can be studied. 
 
Research Design and Experimental Methods 
 
Aim 1) To examine the role of genes downstream and upstream of Wnt signaling,  
  in CP formation 

1.1. To isolate frizzled genes specific to the medial telencephalon, including the CP 
 mfz4, one of several mouse frizzled genes, has been reported in mature choroid plexus (Wang et al., 
1996). Early embryos were not examined, however, so I have begun experiments to determine the expression 
of the mfz genes in E11.5-E15.5 CP. My preliminary experiments reveal that neither mfz4 nor any known mfz 
gene is detectable in the E12.5 CP. I will first repeat these experiments by performing in situ hybridization 
using different conditions to optimize the detection of mfz genes. For these experiments, I will use tissue 
sections as well as whole mounts of telencephalic vesicles. Low expression of mfz genes will be easier to 
detect in the whole mounts because the thickness of the tissue makes the signal appear more intense. This 
procedure has been well established in our laboratory and should not present any problems (figure 1A, C).  
 If I confirm my preliminary observations that the known mfz genes are not expressed in the E12.5 
telencephalon, I will hypothesize that Wang et al [21] may have missed a mfz member that is present only in a 
limited time window and in a restricted region of the telencephalon. Wang et al. [21] used cDNA libraries from 
E8.5 and E12.5 whole embryo, and E18.5 mouse brain. It is possible that there are yet undiscovered frizzled 
genes that are restricted to the E11.5-E15.5 medial telencephalon or the choroid plexus. These would be 
unrepresented in the E8.5 and E18.5 libraries, and very poorly represented in the E12.5 whole embryo library, 
and therefore would have been missed in the screen of Wang et al. [21]. I will therefore use a PCR strategy 
similar to that of Wang et al. [21] , but use cDNA prepared from carefully dissected E12.5 telencephalic 
medial wall as the template, to isolate frizzled genes expressed in this tissue. PCR fragments obtained will be 
cloned into suitable vectors for sequencing. Restriction analysis will reveal if I have isolated any novel frizzled 
genes, which I will sequence. I will then screen an E12 mouse cDNA library (Novagen, WI) to obtain the full 
length coding sequence of the novel frizzled. These techniques are all new to me, and I will be guided by the 
expertise of Dr. C. Ragsdale, a collaborator on this project. In my screen for mfz genes, I will use as a positive 
control late embryonic CP (E17.5), which was reported to express mfz4. I therefore hope to find one or more 
novel frizzled genes, possibly restricted to or around the CP primordium at the time of CP induction and early 
proliferation. Isolation of a candidate Wnt-receptor specific to the CP would allow additional approaches such 
as gene disruption of the receptor, to study the effect of Wnt genes on CP induction and proliferation in future 
experiments. 
 
1.2. To evaluate the XtJ mouse, which is disrupted in the Gli3 gene and lacks telencephalic choroid 
plexus, as a system to test Wnt gene function. 
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 The commercially available extra-toesJ (XtJ) mouse strain will be obtained, which lacks the Gli3 gene, 
and does not form choroid plexus in the telencephalon [22]. I will test if the CP defect is correlated with a lack 
of WntC/3A/5A gene expression, or a spatial or temporal aberration in their expression.  
  If I find that the expression of only one or two of the three Wnt genes is altered, this would point to 
differences in their role in telencephalic CP formation. Altered expression of all 3 Wnts would indicate that 
each of them is dependent on Gli3 for normal expression. This would not, however, allow me to discriminate 
among them in terms of their necessity for CP induction. The experiments in 3.1 will permit me to do so.  
  If I find Wnt gene expression in the medial telencephalon of XtJ mice, I will test if this expression is 
reduced compared to wild-type mice. I will dissect out medial telencephalon from wild type, heterozygotes as 
well as homozygous mutants, and quantitate the amount of WntC, 3A and 5A message by RNAase protection. 
I will learn this technique from Dr. C. Ragsdale. 
  I will therefore test the hypothesis that the proximal cause of the telencephalic CP defect is due to 
perturbed Wnt gene expression. If I find Wnt gene expression to be normal, in the correct region at the 
appropriate time in the XtJ embryos, I will conclude that their CP defect is due to failure of another, yet 
unknown event regulated by Gli3 function. I will examine the expression of frizzled genes identified in 1.1, to 
determine if the candidate receptor distribution is normal. 
 
2) To analyze tissue interactions that underlie the patterning of the telencephalon into cortex and 

choroid plexus, using organotypic slice culture 
2.1. To examine the mesenchymal-epithelial interactions in choroid plexus formation 
 Mesenchyme invades CP epithelium from the earliest stages of its formation. I will examine if 
interactions with mesenchyme are necessary for the neuroepithelium to form CP epithelium. Explant cultures 
of the medial wall of the telencephalon that have been stripped of mesenchyme will be prepared and tested 
for normal CP formation. These cultures will be compared with medial telencephalic explants that have the 
mesenchyme attached. I will use E10.5 telencephalon because this age is prior to the first detectable sign of 
CP formation. The medial telencephalic walls will be dissected in sterile HANKS solution. To remove the 
mesenchyme, collagenase and trypsin will be used, as in [24]. The explants will then be cultured on Millicell 
inserts (from Millipore) designed to float in a well of culture medium. The explant therefore draws its nutrients 
through the filter without being submerged in medium. The culture period will initially be 2-4 days, by which 
time CP formation is underway in vivo. In preliminary experiments, explants of untreated E13.5 telencephalic 
medial wall survive and can be maintained in vitro under these conditions, and then processed for in situ 
hybridization. After 2 weeks in vitro, these explants display robust TTR expression at the site of the 
endogenous CP (Figure 3).  
  In my proposed experiments, I will test for the presence of choroid plexus by in situ hybridization for 
TTR, the earliest known choroid plexus marker. Additionally, I will examine the expression of IGF-II, which 
encodes a growth factor that is expressed by older CP epithelium in vivo. IGF-II expression will therefore be 
an additional marker for the ongoing differentiation of CP epithelium. I will also determine if the regulation of 
msx1 and msx2 is altered in the mesenchyme-free epithelium, since epithelial-mesenchyme interactions are 
required for expression of these genes in other systems, where their expression patterns correlate well with 
temporal changes in inductive properties of each tissue [6].  
 
2.2. To test if the Wnt-expressing tissue can induce choroid plexus in ectopic regions of 

telencephalon 
 I will attempt to manipulate the formation of CP in organotypic cultures of the lateral as well as medial 
wall of the embryonic telencephalon, at E10.5, using organotypic cultures as described in Expt. 2.1, but 
leaving the mesenchyme attached. I will test the inductive properties of the Wnt-expressing region of 
neuroepithelium in the following configurations: 

a) By juxtaposing explants of the Wnt-expressing tissue to lateral telencephalic explants, which 
normally never contact Wnt-expressing tissue.  
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b) By re-locating the Wnt-expressing region in medial telencephalic explants, by juxtaposing it to 
regions that normally do not produce CP. Wnt-expressing tissue is normally present only in a restricted 
portion of the medial telencephalon immediately adjacent to the primordial CP (Figure 1A, 2A). Re-locating 
this Wnt-expressing tissue to dorsal portions of medial telencephalon will test if ectopic CP can be produced 
from the medial telencephalic neuroepithelium. 
 These experiments will determine if an ectopic transplant of Wnt-expressing tissue is sufficient to 
induce CP in adjacent neuroepithelium, by testing for the expression of TTR and IGF-II, markers for CP 
differentiation.  
  In previous experiments involving transplants of Wnt-1-expressing isthmus, mes-metencephalic 
structures were induced from tissue as distant as the diencephalon [7]. It is possible, therefore, that CP can 
be induced from medial as well as lateral telencephalic neuroepithelium taken at E10.5. If only medial 
telencephalic neuroepithelium is capable of supporting ectopic CP formation, this will point to a possible 
differential responsiveness of medial versus lateral telencephalon to the putative inductive signals from Wnt-
expressing tissue. I will compare these results with those in 3.1, described below. 
 
3) To test directly if Wnt gene expression is sufficient to induce choroid plexus  
 In 2.2, I tested if Wnt-expressing tissue could induce CP in ectopic locations of the telencephalon. In 
Aim 3, I will ask if individual Wnt genes are sufficient for CP induction. 
 Efficient, replication-deficient, coexpression vectors are now available that carry not only a marker 
gene, but also a gene of functional interest [25, 26]. In these new vectors, originally derived from the Moloney 
murine leukemia virus (MuLV), an internal ribosome entry site (IRES) is inserted between the two genes. 
Expression of both genes is driven from a single promoter in the retroviral LTR, and the two proteins are read 
off from a single bicistronic message [25, 26]. Unlike earlier vectors, which used two separate promoters, 
these vectors are efficient in the expression of both genes [25]. Dr. Grove has constructed and used such 
IRES vectors previously [26]. Under her guidance, I will construct a coexpression retrovirus carrying either 
WntC, Wnt 3A or Wnt 5A as the gene of interest. As the marker gene, I will use a construct called ß-geo [27] 
that encodes a protein with ß-galactosidase activity as well as neo-resistance, making an easily detectable as 
well as a selectable marker. Viral particles will be produced by transfecting a packaging cell line, y2, 
concentrated by centrifugation and titred using NIH 3T3 cells. In my experiments, I will use the parent vector 
itself [25] as a negative control.  
 
3.1. in vitro experiments 
 I will test if Wnts C/3A/5A are sufficient for CP induction in regions of telencephalic neuroepithelium 
that normally do not produce CP. Since embryonic cortical slice cultures show little neurogenesis, and 
gliogenesis is delayed until several days in vitro [28], I will not attempt to infect the explants directly. Instead, I 
will use these retroviral vectors to transfect fibroblasts from two different lines, NIH3T3 and Rat-2. Transfected 
fibroblasts will be selected in G418, and will be used in paracrine assays of Wnt function. Fibroblasts are the 
cells of choice because they have been successfully used such assays of Wnt -1 function [29, 30]. COS cells 
are not appropriate because of reports that Wnt genes are not secreted adequately from transfected COS 
cells, but instead are primarily retained in the endoplasmic reticulum [31].  
 The paradigm of Herzlinger et al. [29], where embryonic metanephric blastemae were cultured on 
polycarbonate filters with Wnt1 secreting fibroblasts plated underneath, will be ideal for my system. Their 
results showed unequivocal induction of nephrons by Wnt1 secreting, but not control fibroblasts. This trans-
filter system will allow me to use the organotypic culture system I have set up, virtually unmodified, with only 
the addition of the inducing layer of fibroblasts underneath. I will grow organotypic explants of medial and 
lateral telencephalon on monolayers of WntC/3A/5A transfected fibroblasts separately, comparing with control 
fibroblasts. I will assay for CP induction in telencephalic explants as described below, monitoring the 
expression of TTR and IGF-II.  
 Anticipated pitfalls: If the ubiquitous Wnt signal from fibroblasts plated underneath does not promote 
ectopic CP formation, I will use pellets of control versus Wnt-expressing fibroblasts, and deposit these pellets 
at ectopic locations adjacent to or overlying organotypic cultures of lateral as well as medial telencephalon.  
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 The next step, if ectopic CP formation is observed, will be to perform these experiments in explants 
from which the mesenchyme has been removed, testing if individual Wnt genes can induce choroid plexus in 
the absence of interactions with mesenchyme.  
3.2. in vivo experiments 
 Finally, in vivo demonstration of ectopic choroid plexus formation would be the most convincing 
evidence of the role of Wnt genes in this process. If I find ectopic CP formation as a result of the in vitro 
experiments in 3.1, then this will indicate that non-CP forming regions of telencephalon are competent to 
produce CP. I will then proceed with in vivo misexpression.  
 I will perform direct injection of Wnt-expressing retroviral vectors as well as injections using partially 
dissociated monolayers of fibroblasts expressing Wnts C/3A/5A in separate experiments. I will perform these 
injections into the ventricles of E12.5 mice by using intra-uterine surgical techniques. Briefly, the uterus of an 
anaesthetized pregnant dam is exposed under sterile conditions, and the orientation of the embryo is 
determined under illumination. The telencephalic vesicles are easily visualized in this fashion, and a vital dye 
is included in the suspension of retroviral particles or transfected fibroblasts injected into the ventricle. The 
dye allows determination of accurate injection. In both paradigms (direct infection of neuroepithelium as well 
as injection of retrovirally-transfected fibroblasts) I will use the parent vector alone carrying only the ß-geo 
construct, as a negative control. 
 Dr. Grove's protocols enable the production of high titers of retrovirus, by concentration, up to 107 
particles/ml. Using an injection volume of 1 microlitre, I would be able to inject 104 particles into a single 
embryo. Since retroviruses infect only proliferating cells, these would generate infected progeny throughout 
the embryonic telencephalon. I would therefore expect to detect sufficient numbers of Wnt-expressing cells in 
sections, to promote ectopic CP differentiation. I will compare this direct infection experiment with one in 
which I inject Wnt-expressing fibroblasts into the telencephalic ventricle. These would represent an alternate 
means of exposing ectopic regions of the telencephalic wall to the effects of Wnt signaling.  
 The infected cells (fibroblasts or neuroepithelium-derived) will be detectable by their expression of ß-
geo mRNA, or by its ß-galactosidase activity. I will perform 2-color double in situ hybridization, to detect either 
of the retrovirally-expressed genes (Wnt or ß-geo) with one color, and a CP marker with the other color. Since 
normal CP differentiation is detectable within 1 day of Wnt expression, these embryos will be sacrificed from 1-4 
days after injection, and examined for TTR or IGF-II expression, in combination with the retrovirally-expressed 
Wnt or ß-geo. Aberrant expression of TTR or IGF-II adjacent to cells infected with retrovirus, would be indicative 
of ectopic choroid plexus differentiation in response to the retrovirally expressed Wnt gene. 
----------------------------------------------------------------------------------------------------------------------- 
REFERENCES: put in references as appropriate. 
TIMELINE: Year 1: Complete 1.1 (screen for novel mfz genes) and 1.2 (examining XtJ mice). Then begin 
setting up cultures for 2.1 and 2.2. Year 2: Complete 2.1, 2.2. Begin 3- making retroviruses for the Wnts. Year 
3: Begin and complete 3.1 and 3.2- retroviral studies in vitro first, then in vivo. 
 
HAZARDOUS MATERIALS DECLARATION 
This work uses engineered plasmid DNA to make in situ probes. All waste in contact with E. coli carrying 
these plasmids will be disposed according to the Institutional Biosafety Committee guidelines. In Experiments 
3.1 and 3.2, engineered retroviruses will be used to introduce foreign genes into cells in vitro and in vivo. 
These retroviruses are replication-incompetent, ecotropic viruses whose host range is limited to rodents, thus 
no significant hazards to human investigators are anticipated. Nonetheless, all retroviral work, with the 
exception of injections into embryos in vivo, will be carried out in a biological safety cabinet at containment 
level BL2, using level BL3 practices. These procedures have been reviewed and approved by the Institutional 
Biosafety Committee, Protocol numbers 311 and 396.  
 
PROPOSED BUDGET 
(you are not expected to project purchasing equipment, but simply list the Departmental equipment 
you will use for your project) 
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Item Year 1 Year 2 Year 3 
 

Total 
 

Materials and consumables: 
Tissue culture media     
Sterile Plasticware     
Restriction enzymes     
DNA prep. kits     
PCR reagents     
Radioactivity     
Travel     
Total     

 
SAMPLE Justification for Budget (this particular justification is an example taken from a different 
proposal, just to give you an idea of what kind of justification you should write) 
Materials, Consumables, Miscellaneous: 
Tissue culture expenses: The most expensive item is polycarbonate membrane filter inserts (Millipore). These 
are essential for the explant cultures in Aims X and Y. Each filter insert costs Rs 200 (Rs. 10,000 for a box of 50). 
The remaining tissue culture budget is for media and serum and plastic ware. NN litre of medium is estimated for 
Aims X and Y, which needs M bottles of FBS. Plastic ware is estimated at Q flasks, R 100mm dishes. 
Molecular Biology reagents: All the experiments use in situ hybridization as part of the assay. This entails 
growing purified stocks of plasmid DNA, digesting it with the appropriate restriction enzymes and making 
digoxygenin-labeled riboprobes. The two most expensive items are restriction enzymes and Dig-UTP 
(Boehringer Mannheim; Rs 5000 for a tube adequate for 10 transcription reactions). Each enzyme is estimated 
at Rs 10,000 for 1 year's supply.  
Travel: say where you would need to travel to and why (Meetings? Using equipment elsewhere?). 


