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Abstract: 
Bone marrow failure is a condition that blocks normal hematopoiesis. Instead of producing 
functional blood and immune cells, bone marrow cells either cease to produce blood and 
immune cells altogether or, in some cases, produce non-functional cells in mass quantities, a 
condition known as leukemia. In the experiments described below, we seek to understand the 
basic mechanisms of normal hematopoiesis. tt has been demonstrated that the death receptor 
Fas has non-apoptotic functions, including cell proliferation. In hematopoietic cells, Fas 
expression level daes not correlate with susceptibility to Fas-mediated apoptosis. In T- 
lymphocytes, ligation of FasL, a typical inducer of cell death, has been shown to engage in 
reverse signaling that has stimufatory consequences on the cells. In HSPCs it is unknown 
whether reverse signaling from FasL or non-apopttotic Fas signaling acwrrs and is biologically 
relevant. Taken together, these observations support the hypothesis that: Fas and FasL, via 
autocrine stirnutation, play a crucial role in the survival and proliferation of HSPCs during the 
establishment of a homeostatic hematopoietic system, Further insight into h e  normally 
developing hernatopoietic system can shed light on and improve the prognosis and treatment of 
bone marrow failure associated diseases. Specifically, discoveries from this proposed study 
can be transfated to a wide variety of fields induding bone marrow transplantation as well as 
cancer treatment and prevention. 



A. Specific Alms 

A.1, Project Goal. The long-term goal of our work is to understand the signaling pathways 
hematopoietic stem and progenitor cells (HSPCs) use in the formation of a homeostatic 
hernatopoietic system. The objective of this proposal is to investigate the role of nonapoptotic 
signaling from the Fas death receptor (FadCD95lApo-I) in HSPC proliferation, and to examine 
coordinated, pro-su rvival reverse signaling of Fas receptor's liga nd, Fas ligand (FasUCD95U 
+1 L), in HSPCs residing in the bone marrow (BM) and during peripheral circulation. 

A2. Key Obsewations and Central Hypothesis. In addition to inducing cell death, it has 
been shown in neural and hepatic tissues that signaling from the Fas death domain (OD) has 
non-apoptotic functions, including cell pro1 Ifera tlon (1 -5). In hematopoietic cells, Fas expression 
level does not correlate with susceptibility to Fas-mediated apoptosis (i.e. it is dissociated from 
its apoptotic function) (6,7). Aside from making the cells resistant to cell death, it is unknown 
what or if this dissociation has a similar functional significance in HSPCs as in neumnal and 
hepatic tissues. In T-lymphocytes, ligation of FasL, a typical inducer of cell death, has been 
shown to engage in reverse signaling that has stirnulatory consequences on the cells (8,9). 
Additionally, FasL positive cells can be selected for by treatment with cytotoxic compounds, 
suggesting that FasL may confer a survival advantage in expressing cells (unpublished data). 
In HSPCs it is unknown whether reverse signaling from FasL can confer a similar survival 
advantage andlor be stimulatory, HSPCs may require a similar signal upon leaving the BM 
cavity during BM deployment and subsequent establishment of the hematopoietic system. 
Taken together, these obsewations support the hypothesis that: 

Fas and FasL, via autocrine stirnuration, ~ l a v  a crucial role in the survival and 
prollfemfion of HSPCs during the establishment of a homeostatic hematowietic svstem. 

We will test this hypothesis via the following specific aims: 

k 3 .  Specific Aims. 
Specific Aim 1. Establish the role of Fas proliferative signaling in HSPCs in vifro. 

Hypothesis: Fas signaling induces proliferation in HSPCs. 

Speclflc Alm 2. Determine the suwtval role of FasL cytoplasmic signaling in HSPCs In 
v h .  

Hypoihesis: Reverse signaling via FasL ecWates pro-survival pathways in HSPCs. 

Speclflc Aim 3. Determine the relevance of direct autocrine interaction between Fas and 
FasL in HSPCs in vitro. 

Hypothesis: FadFasL inferaction occurs as an autoctine signal inducing proliferation 
and sunrival in HSPCs. 

B. Background and Sirrnificance 

B.1 . Bone Marrow Failure. Failure of hematopoiesis arising from HSPC abnormalities (termed 
bone marrow failure) results in diseases ranging from autoimmune disorders to anemias and 
hyperproliferative disorders (cancer) (10). Current understanding of the mechanisms required 
to maintain a healthy, self-renewing , homeostatic pool of hematopoietic stem cells (HSCs) that 



produces daughter progenitor cells to repopulate blood and lymphoid populations is lacking. 
This proposal seeks to investigate the role of the tumor necrosis factor (TNF) family death 
receptor, Fas, and its cognate ligand, FasL, in the survival and formation of the hematopoietic 
system. 

One of the diseases associated with bone marrow failure is myelodysplastic syndrome (MDS or 
preleukemia) and eventual leukemia. MDS is a broadly defined heterogeneous condition 
characterized by early suppression of hematopoiesis resulting from deregulated and widespread 
apoptosis in HSPCs. Patients develop cytopenia and are thus anemic and highly susceptible to 
infection. Approximately 1M of patients with MDS will eventually develop acute rnyelogenaus 
leukemia (AML). Leukemias arise from rapidly dividing HSPCs that overpopulate the peripheral 
circulation with, depending on type of leukemia, nonfunctional dfierentiated or undifferentiated 
(and thus non-functional) immune cells (10). Our desire to understand the molecular events of 
normal hematopoiesis are thus inherently linked to the pathophysiology of MDS and leukemia. 
Further insight into the normally developing hematopoietic system can shed light on and 
Improve the prognosis and treatment of these diseases. Specifically. discoveries from this 
proposed study can be translated to a wide variety of fields including bone marrow 
transplantation as well as cancer treatment and prevention. 

B.2. Basic HSPC biology. HSCs are multipotent cells distinguished from other cells by their 
ability to differentiate to produce all blwd and immune cell lineages and to self-renew to 
produce nondifferentiated, multipotent daughter HSCs (1 1 ). The current model of 
hematopoiesis maintains that the population of HSCs is held resident in the bone m a w  in a 
specialized and highly protective niche that regulates HSPC functions such as quiescence, self- 
renewal, differentiation, and mobilization into the periphery (1 2-1 5). HSPCs regularly exit the 
bone marrow and enter peripheral circulation. The functional significance and the mechanisms 
responsible for HSPC mobilization are unknown (1 4). 

It is likely that HSCs can divide asymmetrically; that is, they undergo mitosis and produce two 
different cell types, one a multipotent progenitor (MPP) cell that will differentiate and the other a 
multipotent HSC, This hypothesis does not exclude the possibility that HSCs can divide 
symmetrically to produce two HSC or two MPP daughter cells. Alternative hypotheses to HSC 
division suggest that there exist two separate but communicating HSC populations: one that 
always self-renews to give two identical HSCs and the second that divides to always yield two 
identical MPPs (12). Whatever the case, the HSC population must differentiate effectively and 
respond to environmental stimuli in order to properly populate the hernatopoietic system. This 
must be done while maintaining a relatively fixed population of HSCs that will live for a lifetime. 

B.3. The FaslFasL Paradigm. Conventionally, Fas and FasL are considered to be apoptosis 
inducing proteins (1 6). Fas is a single-pass transmem brane member of the TNF receptor family 
that is constitutively expressed in most tissues. Upon ligation by membrane bound FasL, Fas 
tn'merizes forming the death inducing signal complex (DISC) from which caspase-8 clusters and 
induces auto-activatiodself-cleavage and downstream activation of the apoptotic cascade 
resulting in cell death. In some cells, activation of caspase-8 is not sufficient to induce 
apoptosis and requires subsequent amplification through mitochondria1 dependent pathways 
(3,17,18). FasL is a single-pass transmembrane TNF ligand family member that exists as a 
self-assembling trimer. FasL expression is primarily limited to immune cells and so-called 
"immune-privileged" tissues (tissues evading immunosurveillance). FasL expression is tightly 
regulated M u s e  of its ability to induce apoptosis In Fas expressing cells (I 9). 



Fas and FasL are known to regulate the populations of activated T-fymphocytes and mediate 
immune reactions. In immunosurveillance, FasL expression on tissue infiltrating T-lymphocytes 
has been shown to induce apoptosis on the cells expressing Fas. Expression of non-functional 
Fas or FasL in mice has been demonstrated to cause de novo autoimmune disorders as well as 
lymphoproliferative diseases such as autoimmune lymphoproliferative syndrome (ALPS). 
Deregulation of Fas and FasL expression has been demonstrated to play an integral role in the 
pathogenesis of diseases related to the deregulation of the extrinsically regulated apoptotic 
pathways such AIDS and cancer (2). 

B.4. Expression of Fas and FasL in cancers and other condltlons. Deregulation of the 
expression and function of Fas and FasL has the potential to cause disease. Indeed, 
expression of functional Fas is often decreased in cancers, but very rarely do tumors cease to 
express Fas altogether (2,20). Mutation of the Fas death domain (DD) is the most common way 
cancers abrogate the sensitivity to Fas-mediated apoptosis (2). Fas OD mutations contribute to 
the transformation of normal cells into malignant cells. In the nervous system. Fas expression 
has been shown to increase in neural tissues affected by epilepsy, Alzheimer's disease, and 
Parkinson's disease, as well as after stroke and nerve injury (2). 

Increased expression of FasL is observed in many cancers and has been described as a 
mechanism for tumor cells to evade immunosunreillance by inducing apoptosis in infiltrating T- 
lymphocytes (a theory called the tumor counterattack) (2). FasL expression is also affected by 
treatment of cancers with DNA damaging agents such as y-irradiation and chemotherapeutics. 
Following exposure, FasL expression increases, and thus, some have suggested the apoptotic 
activity of FasL is a mediator of drug action (21 ). In the nervous system, others have observed 
increased FasL expression following nerve injury. Some believe this to induce apoptosis in Fas 
expressing neurons (3). 

B.5. Nonapoptotic Fas signaling. In addition to the obvious evasion of cell death, an 
intriguing alternative hypothesis regarding the deregulation of Fas and FasL in cancer and newe 
damage is that signaling from both plays growth promoting and cytoprotective roles rather than 
their typical growth suppressive roles. This has been shown to be the case in some tissues. In 
the case of cancer, Fas signaling directly plays a role in the disease's pathenogenesis by 
stimulating cell proliferation rather than apoptosis. In glioma, activation of Fas resulted in cell 
cycle activation and proliferation in an ERK dependent manner with a minimal apoptotic 
response (4). In nerve injury, Fas and FasL signaling has been shown to play a survival and 
regenerative role (3). In neurodegenerative diseases, it is suspected that Fas and FasL play 
similar roles (3). In a another study, mice having undergone a partial hepatectomy and treated 
with a lethal dose of agonistic Fas antibodies were protected from death compared with mice 
not having undergone partial hepatectomy. Furthermore, the livers in these mice regenerated at 
a faster rate compared with the livers of nowtreated mice having a partial hepatectomy (5). The 
activation of Fas related proliferative pathways has been speculated to be related to both the 
Fas-mediated apoptotic resistance status of the cell (either through Fas DD mutation or 
downstream anti-apoptotic proteins) and the extent of Fas stimulation (1,2). 

The molecular mechanisms responsible for these unexpected results of Fas stimulation in these 
tissues have been investigated. Fas has been shown to activate the mitogen-activated protein 
kinases (MAPK) extracellular signal-mgulated kinase (ERK) and p38 MAPK. ERK and p38 
MAPK have been demonstrated to have biologically relevant effects, including cell proliferation, 
when activated by Fas. The activation of p38 MAPK and ERK can be regulated by several 
different Fas associating proteins including Fas-associated protein with Death Domain (FADD), 
FLICE-like inhibitory protein (FLIP), receptor interacting protein (RIP), and Daxx (3,13,17,18,22). 



Fas has primarily been studied as a negative regulator of hematopoiesis. Numerous studies 
have been published defining both the expression levels and expression time line of Fas in 
HSPCs. Basal expression of Fas is tow on senescent HSCs, increases during active HSC cell 
cycling, and is highly expressed on MPPs without lineage commitment (7,2427). Fas 
expression does not strictly correlate with susceptibility to Fas-mediated cell death in HSPCs 
even when the Fas DD is not mutated (6,7). Because Fas is expressed on HSCs during cell 
cycling and is known to drive the cell cycle in other models, we propose that Fas signaling plays 
an important, non-apoptotic role in HSPC proliferation. 

8.6. Fast reverse signaling. Although well characterized as a receptor binding factor, FasL 
has been shown to employ reverse signaling in expressing cells (8,9). The physiological 
relevance and regularity of reverse signating has not been extensively investigated and is not 
known in HSPCs. The cytoplasmic domain of FasL is highly conserved across multiple species 
and contains known second messenger adapter domains (a proline rich domain (PRD) and a 
casein kinase 1 (CK1) domain) that can serve as docks for known scaffolding proteins (19, 28). 
Of note, the FasL cytoplasmic domain has been shown to associate with the p85alpha subunit 
of phosphoinositide 3-kina- (P13K), causing its activation (19). Activated P13K has been 
shown to initiate cytoprotective Akt signaling. Akt signaling can cause downstream activation of 
NF-KB (a transcriptional regulator of multiple apoptosis inhibiting proteins including FLIP, bcl-2, 
M-&, and c-IAPs) (1 9,2432). 

FasL expression has received recent attention for its ability to Increase survlval of HSPC model 
cells in vitm and increase HSPC engraftment success in allogenic transplantations. Some have 
suggested that the mechanism behind the observed survival and engraftment advantage is 
similar to the mechanism involved in establishing immune privileged sites in the body. FasL 
expressed on immune privileged tissues eliminates infiltrating immune effector cells by ligating 
their surface Fas receptors. FasL expressing cells thus have a defensive survival advantage 
(33-35). Evidence suggests this view as being incomplete as allogenic transplantation of FasL 
expressing tumor cells causes inflammation and rejection in vivo. To date, no cohesive 
explanation has been formulated or widely accepted (36). 

We believe the role of Fasl in cancer and HSPC engraftments is much more complex than the 
explanation offered by the tumor counterattack theory. We believe FasL provides a survival 
advantage in tumor cells and transplanted HSPCs via reverse signaling. We predict that HSPC 
detachment and exit from a highly protective niche during BM mobilization or cancer cell 
migration from a supportive microenvironment will require a mechanism for survival. We believe 
this mechanism to be FasL reverse signaling. 

B.7. Autocrine stimulation of Fas and FasL. In biological systems with normal Fas 
expression levels, active Fas signaling complexes require ligation by FasL. Conventionally, the 
Fas expressing celt and the Fast bearing cell are thought of as different cells. The FaslFasL 
paradigm readily yields itself to this convention; the idea is that the FasL' immune cell induces 
cell death on a Fas" tissue cell, Even in the regulation of T-lymphocytes populations, T-cells 
eliminate each other after activation (a process called activation induced cell death) via 
FaslFasL interactions in a processed called %atticidem, or the systematic elimination of 
neig hboting activated T-lymphocytes (37) We, however, believe that Fas and FasL can directly 
stimulate each of her on the same cell with proliferative and anti-apoptotic consequences. We 
offer this hypothesis only after taking together the observations that some tumors express high 
levels of Fasl (2, 33-36), DNA damage response increases Fasl expression (21), and that 
increasing FasL expression in hematopoietic progenitors can increase short-term engraffment 
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success (34). We believe that HSPC expression of FasL can activate Fas on the same cell as 
well as neighboring HSPCs to provide a proliferative stimulus. We further believe HSPC 
expression of Fas can ligate and activate FasL reverse signaling on the same and neighboring 
HSPCs to provlde an independent survival advantage. 

The implications of FaslFasL autocrine stimulation are noteworthy. If autocrine stimulation is 
possible, the requirement for adjacent Fas andlor FasL donor cells is eliminated. A single HSC 
could then, in theory, be self-sufficient to provide proliferative signals and protect itself from 
death. In fact, the definition of a long-term HSC is a cell that can reconstitute the entlre 
hematopoietic system of a lethally irradiated organism (1 1,12). For solid and hematopoietic 
malignancies, the same principle could hold true. In these cells, autocrine stimulation between 
Fas and FasL could mediate insensitivity to antl-growth signals and self-sufficiency in growth 
signals, two hallmarks of cancer (38). Autocrine stimulation in a single cell would greatly reduce 
the number of cells necessary to acquire these two hallmarks of cancer. 

C. Preliminarv StudieslPmress Report. 

C.I. Cells expressing high levels of FasL are resistant to death following treatment with 
agents inducing DNA strand breaks. Multiple myeloma cells (8226) were treated with three 
concentrations of various drugs including doxorubicin (dox) and etoposide (VP-16). Following 
incubations for 4, 8, 16, 24, 48, and 72 hours, all cells were harvested for total RNA. 
Transcribed FasL RNA was probed with radiolabeled complementary RNA and quantitated 
using RNase protection assay. It was determined that cells expressing higher levels of FasL 
and treated with agents that cause DNA strand breaks, including VP-16 and dax, survived to a 
greater extent than cells not expressing FasL. The results of this assay do not comment on 
what the function of FasL is in these cells, We believe this data suggests that FasL expression 
may confer a survival advantage in expressing cells. 

D. Research Desinn and Methods. 

D.?. SpecMc Aim 1 - Establish the role of Fas proliferative signaling in HSPCs in vitro. 
Rationale. The primary goal of aim 1 is to determlne the relevance and extent of Fas non- 
apoptotic signaling in HSPCs. Previous studies have shown that cells that are resistant to Fas- 
mediated apoptosis can use Fas signaling to drive normal and malignant tissue growth. In the 
serles of experiments described below, we will test the hypothesis that Fas non-apoptotic 
signaling can be used to drive HSPC proliferation. We will further investigate possible 
molecular mechanisms involved in non-apoptotic signaling. Specifically, we will address the 
following questions: 

I .  Does HSPC expression of Fas correlate with apopfofic response upon Fas ligation? 
Others have obsewed that the expression of Fas does not necessarily correlate with 
susceptibility to Fas-mediated apoptosis. Therefore, we will use an HSPC model cell 
line expressing wild-type Fas to determine sensitivity to Fas-mediated apoptosis. 

2. Does Fas lbation in HSPCs cause proliferation regardless of commitment to 
differentiation or sefl-renewal? Studies have indicated that Fas is first expressed on 
HSPCs when HSCs divide ta produce MPPs, We will determine if, and to what extent, 
Fas stimulation can cause HSPC cell division under conditions that promote self- 
renewing or differentiating divisions. 



3. Does Fas Iigation in HSPCs cause activation of proliferative signaling cascades? In 
some cell types, ERK and p38 MAPK are activated by Fas DD associating proteins, 
FADD, FLIP, Daxx, and RIP, following Fas ligation. We will determine if similar 
molecular pathways and proteins are activated upon Fas ligation in HSPCs. 

Experimental Strategy. 
Establish the dissociation of Fas expression with Fas-mediated apoptosis susceptl bility 
In HSPCs. Ail experiments will be performed using KG7 cells. The KG1 cell line is a human 
acute myelogenous leukemia cell line that can be differentiated into all myeloid lineage cells. 
The "self-renewal" and differentiation potential of KG I cells can be modulated by growth factors 
and cytokines. To establish the dissociation of Fas expression from susceptibility to Fas- 
mediated apoptosis, we will engineer a monoclonal KG4 cell line (KGllFas) to express Fas at 
levels relevant to HSPCs. We will use lentiviral transfection to express Fas. Expression of Fas 
will be regulated by a cytomegaloviral ( C W )  promoter. Surface expression levels of Fas will be 
determined using Fluorescence-activated cell sorting (FACS) analysis and immunofluorescence 
assays. The presence of operational Fas will be confirmed by treating cells with varying doses 
of fluorescently conjugated agonistic Fas antibody (CH-11) and observing induced receptor 
oligomerization at 15 and 30 minutes after CH-1 I administration. IgM will be administered as a 
negative control. 

The apoptotic function of Fas in KG-l and KGllFas cells will be assessed by treating cells with 
varying doses of mukimeric FasL overnight. Cell viability will be assessed via Trypan Blue 
exclusion and FACS analysis, staining with Annexin-V and Mitotracker Red (Cmx-Ros). 

Data Analysis and Alternative Approaches: 
If Fas ligation is dissociated from apoptosis induction, we do not anticipate seeing a significant 
change in the apoptotic population between treated KG1 and KGllFas cells. Cells that stain 
positive with Annexin-V and negative with Cmx-Rox are classified as apoptotic. Results will be 
compared to treated KGi and IgM treated cells. 

I f  we do see an increase in apoptosis or generation of the KGllFas cel! line results in cell 
suicide en masse, we may engineer a KGllFas line using an inducible vector and the 
experiment will be redone to assess the ability of multimeric FasL to rescue the cells from death. 
Fas expression would be induced immediately prior to treatment with multirneric FasL. The 
functionality and expression of Fas in the inducible system would be confirmed using FACS 
analysls and CH-11 induced oligomerization as described above. All further aim 1 studies 
would use this inducible Fas line, and additional controls accounting for the effects of the 
inducing compound would become necessary. 

Further difficulties may arise when creating the KG1IFas cell line due to the inherent difficulty of 
transfecting suspension cells. Besides lentivlral transformation, we may resort to chemical 
bansfection or electroporation. 

Establish a functional role of Fas in the proliferation in HSPCs. Proliferation of KG1 and 
KGIIFas cells will be assessed under conditions that promote self-renewing and differentiating 
cell divisions. Self-renewing divisions will be promoted by incubating KG 1 and KGl/Fas cells 
(0.25 X 10' cellslmL) in standard media (Iscove's Modified DuIbemls Medium (IMDM) 
supplemented with 15% vh  fetal bovine serum (FBS)). Differentiation commitment will be 
induced by incubating the same concentration of cells in standard media with 1.6 X l o4  M 12-0- 
tetradecanoylphorbol-13acetate (TPA). Five hours after the initial incubation, 3~-thymidine will 
be added to the media to a final concentration of SpCilmL. 3~-thyrnidine is a radioactive 



nucleotide that is incorporated into the DNA of dividlng cells. Proliferation can be followed and 
quantitated as a function of amount of radioactivity present in the DNA of daughter cells. The 
cells will concurrently be treated wlth varying doses of multimeric FasL and incubated overnight. 
Cells will be washed, harvested, and DNA will be isolated from the samples. Radioactivity per 
sample will be quantitated by scintillation counter. 

As a positive control for proliferatjon and differentiation, KG1 and KGllFas cells will be treated 
with a 3nglmL interleu kin-3. We will also ensure that TPA has no effect on cell proliferation rate 
by comparing 'H-thymidine lncorporatlon h TPA treated non-FasL treated and non-TPA treated 
non-FasL treated cells, We will confirm that TPA causes lineage commitment and differentiation 
by parformlng colony forming assays. TPA and non-TPA treated cells (1.0 x 10' cellslmL) will 
be plated into methyl-cellulose culture medium. Cells will be maintained for 9 days prior to 
assessment of lineage and differentiation via FACS analysis and staining for appropriate lineage 
markers. 

Data Analysis and Alternative Approaches: 
We believe that Fas signaling provides a proliferative signal in HSPCs regardless of 
commitment to self-renew or dilfe~ntiation. Therefore, we predict an increase in cell 
proliferation in multirneric FasL treated KGllFas cells indicated by increased incorporation of 
3~-thymidine in KGllFas cell DNA. Between TPA and non-TPA treated cells, we do not expect 
any difference in 3~-thymidine incorporation. 

It Is possible that the UGIIFas line will show a nondose dependent increase in proliferation. 
This could be the result of spontaneous Fas trimerization due to increased expression of Fas. 
To explore this possibility, we will administer fluorescently wnjugated non-agonistic Fas 
antibody to KG1 and KG1 /Fas cells and observe spontaneous receptor oligomerization 30 
minutes after antibody administration. Fluorescently-labeled IgG will be used as a negative 
control. If spontaneous Fas oligomerimtion occurs, we will engineer cells with an inducible Fas 
construct. Fas expression would be induced immediately prior to the experiment to minimize 
spontaneous oligomeriration and control the expression level of Fas. 

It is also possible that Fasstirnulated proliferation is dependent on the differentiation 
commitment. If Fas-mediated proliferation in HSPCs is dependent on differentiation 
commitment, we will investigate the possibility that differentiation commitment factors associate 
with the cytoplasmic domain of Fas to regulate Fas proliferative signaling. 

Determine the molecular pathways responsible for the non-apoptotic functions of Fas In 
HSPCs. KG1 and KG1IFas cells will be treated with varying doses of multimeric FasL 
overnight. We will harvest the cells and analyze Fas binding partners by imrnunoprecipitation 
(IP). The proteins w-precipitated with Fas will be separated on an SDS-PAGE gel. The gel will 
be stained with Cooumassie and unique protein bands appearing to correlate with increased 
Fas expression and multimeric FasL treatments will be analyzed by proteomics. Proteins of 
interest will be assessed for likelihood to play a role in non-apoptotic signaling. Of particular 
interest are Daxx, FLIP, RIP, and FADD which have been shown to associate with the fas  DD 
and are upstream and activating of MAPK pathways that can mediate cdl proliferation. The 
precise signaling pathways involved will be determined by siRNA experiments, Western blot 
(WB), and real-time PCR (qRT-PCR) analysis. 

Data Analysis and Alternative Approaches: 
We predict that Fas signaling has mitogenic functions in HSPCs. We anticipate the binding 
partners of Fas to ultimately activate known mitogenic pathways in HSPCs. Using proteomics, 



siRNA experiments, WB, and qRT-PCR, we expect to determine the exact pathways involved in 
HSPC non-apoptotic Fas signaling triggered by Fas ligation. Alternate proteins that may be 
involved in HSPC proliferation include NF-KB and regulators of cyclin-dependent kinases 
(CDKs) (i.e. Wee, CDKactivating kinase, and cdc25). If no unique proteins are co-precipitated 
with Fas, we will again explore the possibility that cells transfected with high levels of Fas will 
spontaneously oligomerize which could prevent a dose dependent pull down of Fas associating 
proteins, This will be explored as described above. We may resort to an inducible system to 
induce Fas expression and obtain a dose dependent -precipitation of unique proteins. 

Dm. Speclflc Alm 2. Determine the suwlval role of FasL cytoplasmic signaling In HSPCs 
in vitro. 
Rationale. The primary goal of aim 2 is to determine the relevance of and extent to which 
reverse signaling from FasL provides a sunrival advantage in HSPCs. We have demonstrated 
that FasL expressing cells survive preferentially after exposure to cytotoxic agents. Others Rave 
also shown that FasL expression can be induced after exposure to DNA damaging therapies. In 
the series of experiments described below, we will test the hypothesis that FasL expression and 
ligation by Fas in HSPCs can provide a survival advantage when challenged by various stress 
inducing agents. We will further investigate the hypothesis that the qbplasmic tail of FasL 
serves as a scaffold to activate downstream survival proteins and increase the expression of 
anti-apoptotic proteins. Specifically, we will address the following questions: 

7. Does expression of FasL in HSPCs confer resistance to cell death when challenged with 
stress inducing agents? We will administer a variety of chemotherapeutic agents to cells 
to determine the presence of a survival advantage conferred by simple expression of 
FasL. 

2. Is extracellular ligation of FasL in HSPCs necessary to wnfer or enhance resistance to 
cell death when challenged with stress inducing agents? We will determine the 
relevance of FasL ligation in providing a survival advantage. After ligating FasL, we will 
administer a variety of chemotherapeutic agents to cells to determine the 
presendextent of a survival advantage. 

3. Does exfracellular ligation of FasL activate =verse signaling from the cytoplasmic 
domain of FasL in HSPCs? FasL has both a PRD and a CK1 domain in its cytoplasmic 
tail. Others have demonstrated that extracellular FasL ligation has physiologically 
relevant cellular outcomes. We will determlne the relevant reverse signaling pathways 
of FasL in HSPCs. 

Experimental Strategy. 
Determine whether expression of FasL in confers a functional survival advantage in 
HSPCs. W e  will engineer a monoclonal KG1 cell line (KG1 IFasL) to express relevant levels of 
fu tl length Fast. We will use lentiviral transfection to express FasL. Expression of FasL will be 
regulated by a CMV promoter. Surface expression levels of FasL will be determined by FACS 
analysis and immunofluorescence assays. Functionatity of FasL will be assessed by cytotoxic 
effector assays in which ' ' ~ r  labeled FasL sensitive (Fas') cells will be co-incubated with 
KGlIFasL overnight. If FasL is functional, Fas' cells will die and release ' ' ~ r  info the media. 
Presence of 5 1 ~ r  In the media can be detected and quantitated by scintillation counter. Results 
will be compared to KG 1 cells incubated with 5 1 ~ r  labeled Fas' cells. 

Survival advantage conferred by FasL expression will be assessed by treating KG1 and 
KGllFasL cells with varying doses of cytotoxic agents representing a wide variety of 



chemothereapeutic classes, such as topoisomerase 1/11 inhibitors, anti-metabolites, anti-mitotics, 
and DNA alkylators. The drug vehicle will be administered as a negative controt. Cells will be 
incubated with drug overnight. Cell viability will be quantitated by Trypan Blue exclusion as well 
as FACS analysis, staining with Annexin-V and Crnx-Ros. 

Data Analysis and A fiematiwe Approaches: 
We predict that expression of FasL will confer a limited survival advantage to expressing cells. 
We believe the apoptotic population of treated KGllFasL cells will be smaller than treated KG1 
cells. Induction of apoptosis will be compared to treated KG1 and vehicle-treated cells. It is 
possible that we will not see any difference in cell viability following treatment with any dnrg. 
We will explore the possibility that FasL requires ligation by Fas to provide a functional survival 
advantage in the later experiments. 

Generation of the KGlIfasL cell line may be difficult. Expression of high levels of FasL may 
cause the cells to commit fratricide. If this occurs, we will use Fas negative cell line to express 
FasL, Confirmation of surface expression and functionality would be confirmed by FACS, 
irnmunofluorescenoe, and cytotoxic effector assays as described above. 

Determine the role of FasL ligation in conferring a survival advantage to HSPCs. Survival 
advantage conferred by Fasl ligation will be assessed by treating KG1 and KG 1 IFasL cells with 
recombinant Fas receptor protein conjugated to IgG immunoglobulin (FaslgG) two hours prior to 
treating cells with the varying doses of cytotoxic agents as described above. FaslgG wil! be 
obtained by transfecting NIH3T3 cells with a FaslgG APtag expression construct. Culture 
media will be collected and FaslgG purified from the media using a protein A column. 

IgG will administered as a negative control. Cells will be incubated with drug overnight. Cell 
viability will be assessed by Trypan Blue exclusion as well as FACS analysis, staining with 
Annexin-V and Cmx-Ros. 

Data Analysis and Alternative Approaches: 
We predict that ligation of FasL will confer a survival advantage that is stronger compared to 
non-ligated cells (KG? and KGjIFasL) challenged with drugs. Thus, we predict the apoptotic 
population of dnrg challenged ligated KGliFasL cells will be smaller than non-ligated, drug 
challenged KGl/FasL cells and ligated, drug challenged KG1 cells. Induction of apoptosis will 
also be compared to IgG-vehicle-treated cells. If we do not see a survival advantage in ligated 
and drug treated cells, we will investigate the possibility that the extracellular domain of FasL is 
cleaved on the cell surface (generating soluble FasL (sFasL)). Cleavage of FasL would prevent 
ligation of FasL by FaslgG. We will test the media for the presence of sFasL, and if present in 
significant quantities, we will engineer a KG1 cell line expressing a FasL protein that cannot be 
cleaved to sFasL. 

Establish the presence of FasL reverse signaling in HSPCs. The presence of FasL reverse 
signaling in HSPCs will be assessed by first treating KG1 and KG1 IFasL with varying doses 
Faslg G. One hour post-treatment, cells will be harvested and binding partners of FasL will be 
analyzed by IP. Co-precipitated proteins will be separated on an SDS-PAGE gel and stained 
with Coomasie. Unique protein bands appearing to correlate with increased Fast expression 
and ligation wlll be analyzed by proteomics. Of particular interest is the p85alpha subunit of 
P13K, which has been shown to associate wlth FasL and be upstream and activating of 
cytoprotective Akt and NF-KB pathways. The precise signaling pathways involved will be 
established by slRNA experiments, WB, and qRT-PCR analysis. 



Data Analysis and Affernative Approaches: 
We believe that expression and extracellular ligation of FasL activates reverse signaling 
cascades in HSPCs that activates and increases the expression of anti-apoptotic protelns. We 
predict these cascades begin with P13K association with and activation by the FasL cytoplasmic 
tail. Proteomic analysis will detail the exact binding partners of the cytoplasmic domain of FasL. 
Further studies using siRNA, WB, and qRT-PCR will analyze the pathway(s) involved in more 
detail and determine which, if any, known signaling domain (the PRD andlor the CKl) is 
relevant to the pathway. We will produce additional mutant KGlIFasL cell lines from constructs 
lacking the entire cytoplasmic domain (amino acids 2-70), the PRD (amino acids 37-70), or the 
CK1 domain (amino acids 17-21). These constructs will be created using standard molecular 
biological techniques and confirmed by DNA sequencing. We will use these lines to examine 
FasL reverse signaling pathways. We will also determine the functional relevance of these 
domains by challenging the FasL mutant cell lines with chemotherapeutics as described above. 

ff we do not observe unique FasL binding proteins, we will again consider the possibility that 
cleavage of FasL prevents ligation of FasL by FaslgG. It is possible then, mat no binding 
partners of FasL would be observed. Also possible is that the cells need to be challenged by 
drug before significant reverse signaling occurs. In this case, we will ligate cells with FaslgG 
two hours before challenging with drug. Cells will be incubated with drug for 4 hours and then 
harvested for IP. 

D.3. Specific A m  3. Determine the relevance of direct autocrine lnteractlon between Fas 
and FasL in HSPCs in vitro. 
Rationale. The ptimary goal of aim 3 is to determine the extent to which Fas and FasL 
expressed on HSPCs can stimulate each other in an autocrine manner. We and others have 
observed increased expression of FasL in various tissues after stresses. We predict this 
change in expression not only provides the cell with a survival signal, but also Ilgates Fas 
expressed on the same cell to initiate non-apoptotlc signaling cascades. Fas serves as FasL's 
extracellular ligation partner to mediate the survival advantage. We seek to show that direct 
autocrine stimulation between Fas and FasL occurs in HSPCs and is biologically relevant. To 
investigate our hypothesis further, we will address the following questions: 

I. Do FasL and Fas stimulate each ofher in an autocrine fashion? Because Fas and FasL 
can, in theory, signal for complementary cell outcomes (survival and proliferation), we 
predict that autocrine stimulation is possible. 

2. Is autocrine FasL and Fas stimulation sui3cient to initiate reverse FasL and non- 
apoptofic Fas signaling? We will investigate whether autocrine stimulation can initiate 
similar signaling cascades determined in previous experiments. 

Experimental Strategy. 
Establish the presence of autocrine stimulatlon between Fas and FasL in HSPCs, To 
assess the ability of Fas and FasL to stimulate each other on the same cell, we will engineer 
KG-I cells to express physiological levels of Fas tagged with green fluorescent protein 
(FasGFP), and FasL tagged with Discosoma sp. red fluorescent protein (FasLdsRed). FasGFP 
will be constitutively expressed by a CMV promoter and FasLdsRed will be expressed under an 
inducible promoter. This cell line will be called KGllFasGFPlFasLdsRed. Confirmation of 
surface Fas and Fast expression will be confirmed using immunof~uorescence assays and 
FACS analysis. 



The possibility and extent of autocrine stimulation between Fas and FasL will be determined by 
imaging dilute concentrations of cells (0.1 X 10' cellslmL) using live cell imaging with confocal 
laser scanning microscopy (CLSM) one hour after inducing FasL-DsRed expression. Cells will 
be stained with Vybrant Dyecycle Violet to show the cells' nuclei. We will image single cells 
with no adjacent cells. Red and green channels will be analyzed separately and then merged to 
show to the relative celIular localizations of Fas and FasL. 

Data Analysis and Alternative Approaches: 
We believe that autowine stimulation between Fas and FasL occurs and is relevant in HSPC 
biology. We predict that FasGFP and FasLdsRed will be m-localized to yield yellow spots on 
the KGlIFasGFP/FasLdsRed cell surface after merging the red and green channels. Co- 
localimatlon of FasGFP and FasLdsRed will indicate that Fas and FasL can ligate each other in 
an autodna manner. 

If we do not see co-localization of FasGFP and FasLdsRed, we will investigate the possibility 
that labeling Fas with GFP tagging interferes with ligand-induced hirnerization by potentially 
inducing aubtrimerization. We will investigate other methods of fluorescently labeling Fas and 
FasL including immunohistochemistry (IHC) using fixed and permeabilied cells. We may also 
need to adjust the expression level of FasL to various physiologically relevant levels to see an 
appropriate autocrine response. This will be done by adjusting the dose of the inducing 
compound. 

Determine the extent to which autocdne stimulation between FasL and Fas activates 
downstream signaling pathways, The relevance of autocrine stimulation between Fas and 
FasL in HSPCs will be examined by IHC. FasLdsRed expression will be induced in 
KGllFasGFPlFasLdsRed cells incubated at low density (0.1 X lo6 celldml). Two hours post 
FasLdsRed induction, cells will be formaldehyde fixed and permeabilized using a Triton X-100 
wash. Fluorescently labeled antibodies against Fas and FasL interacting proteins revealed by 
previous proteomic experiments will be administered to the fixed and perrneablllzed cells. Cells 
will be stained with DAPI to show the cells' nuclei. Antibody conjugated fluorophores will be 
selected so that there is no significant spectral overlap with GFP, dsRed, DAPI, or other 
antibodies' fluorophores. Individual cells with no nearby neighbors will be visualized using 
CLSM. Of particular interest will be the cytoplasmic tails of Fas and FasL engaged in autocrine 
stimulation (indicated by overlapping the green and red channels to produce yellow spots on the 
cell surface). 

Data Analysis and Alternative Approaches: 
We predict that autocrine stimulation between Fas and FasL can activate that same signaling 
cascades observed to be activated in previous experiments. Specifically, we expect P13K to 
localize to the FaslFasL autocrine signaling "complex" in order to dock and signal from FasL. 
We expect one or more of the following to also dock on the 'complex" to signal from Fas: FADD, 
Daxx, RIP, and FLIP. All protein localization results will be compared to 
KGIIFasGFPIFasLdsRed cells not induced to express FasLdsRed and 
KG1 IFasGFPiFasLdsRed cells induced to express FasLdsRed but not showing autocrine 
stimulation between Fas and FasL. Protein assmiation with Fas or FasL cytoplasmic tail will be 
determined by engineering KGllFasGFPlFasLdsRed cells to the FasL cytoplasmic tail (amino 
acids 2-70) and repeating the experiment. 

If we do see activation of the same signaling molecules shown to be relevant In previous 
experiments, we will follow up by staining for downstream proteins shown to be involved in the 
proliferative and survival pathways activated by Fas and FasL. If we do not observe co- 



localization of proteins shown by IP to be docking partners of Fas and FasL, we will investigate 
the possibility that autocrine stimulation generates a novel signaling complex composed of the 
Fas cytoplasmic tail and the FasL cytoplasmic tail. This novel complex could have unique 
binding partners compared to the previous experiments using cells predominantly expressing 
only Fas or FasL. 

If we see similar binding partners of Fas and FasL in non-induced controls or cells engaging In 
paractine ligation, we will explore the possibility that endogenous Fas and FasL interacts with 
FasGFP and FasLdsRed. 
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