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Introductions 

Tumor growth is dependent upon local-acting growth factors to stimulate the 

infiltration and growth of new blood vessels from surrounding normal tissue into the 

tumor mass, a process known as angiogenesis [1,2]. An important class of growth factors 

that positively regulate angiogenesis is the fibroblast growth factor (FGF) family [3]. 

Two key members of this family, FGF-1 and FGF-2, require a chaperone molecule to 

release these factors from extracellular storage and present them to target receptors. 

These chaperone molecules are known as FGF-binding proteins (FGF-BPs). Two 

members of the FGF-BP family have been identified so far, FGF-BPl and FGF-BP2 

[4,5]. Previous work from our laboratory has shown that FGF-BPl can positively 

modulate the biological activity of FGFs, can support tumor growth and angiogenesis in 

FGF-2 expressing cell lines, is highly expressed in multiple cancers, and can act as an 

angiogenic switch in vivo in colon cancer cells and SCC. [6,7]. Preliminary data from 

our lab suggests that FGF-BP2 may act in a similar fashion to chaperone FGFs but has 

shown distinct expression patterns in tumor samples, particular in human breast cancer 

samples. A crucial aspect to our study was examination of the expression of FGF-BP2 

during mouse development and carcinogenesis, but to date, no murine homologue for 

FGF-BP2 has been found. Interestingly, a third FGF-BP family member, FGF-BPS has 

recently been identified in our lab and a murine homologue for FGF-BPS was also found. 

In this study, we began to examine the biological effects of FGF-BP2 but having found 

mouse and human FGF-BPS, we have refocused our study to explore the effects of this 

new family member. 



Body 

We have previously found that FGF-BP2 possesses a unique expression pattern in 

tissue samples and that the two FGF-BP family members share similar protein identity. 

Additionally, transfection of FGF-BP2 in SW-13 cells enhances FGF-2 activity, colony 

formation, and promotes tumor growth in mice. In an effort to further study the tissue 

expression pattern of FGF-BP2, our goals outlined in Aim 2 were contingent upon the 

isolation of a murine homologue to FGF-BP2. We had found of one candidate FGF-BP2 

EST from mouse based on homology searches with the human and chicken FGF-BP2 

gene. Further analysis proved this identification to be incorrect, although this EST did 

share a high level of homology with both FGF-BP 1 and FGF-BP2. Continued genome 

data base analysis identified a previously unknown human FGF-BP family member 

isolated from neuroblastoma cell lines. We have named this FGF-BP3 (Fig 1). 

Comparative analysis between human FGF-BP3 and the previously identified EST 

indicated that this was the murine homologue of FGF-BP3, rather than FGF-BP2 (Fig 2). 

Accordingly, our research aims has been adjusted to investigate the activity of FGF-BP3 

as previously described for FGF-BP2. Although we have progressed with the 

examination of FGF-BP3, our efforts to identify and isolate a murine homologue to FGF- 

BP2 will continue. 

The initial goals stated in Aim 1 have now been modified to reflect the 

characterization of the novel FGF-BP family member, FGF-BP3. In a similar manner to 

which our lab first studied FGF-BP 1 and FGF-BP2, FGF-BP3 was isolated, amplified, 

and expressed in a pcDNA3.1 vector construct containing both a V5 and poly-histidine 

carboxy-terminal tag. SW-13 cells engineered to express FGF-BP3 exhibited an 

increased level of proliferation with a concurrent increase in MAPK phosphorylation 



when compared to parental SW-13 cells (Fig 3). Similarly, SW-13/FGF-BP3 cells 

showed increased levels of anchorage-independent growth over control as determined 

through colony formation. A neutralizing antibody towards FGF2 eliminated the 

increase showing this effect to be FGF2-dependent (Fig 4). Immunoprecipitation assays 

using an antibody towards the V5 tag and subsequent immunoblot analysis with an 

antibody towards FGF2 showed that the proteins form a complex indicating binding 

between FGF-BP3 and, FGF2. Immunoblot analysis using an antibody towards FGF- 

receptor 1 (FGFRl) indicates that the receptor is also a part of this complex (Fig 5). 

Investigation with migration and invasion assays will be performed to further 

characterize the biological response of increased FGF-BP3 expression upon FGF2- 

dependent activity. Additionally, cell-free binding assays will be performed to 

determine the affinity of FGF-BP3 for FGFl and FGF2. In keeping with the initial goals 

of Aim 1, we will also continue to investigate the role of FGF-BP3 in signal transduction 

pathways, specifically those that are pro-angiogenic. Preliminary data suggests that 

FGF-BP3 can mimic the ability of FGF-BPl and FGF-BP2 to bind FGF2 in SW-13 

cells and can enhance FGF2-dependent biological activity in these cells. 

The goals of Aim 2 have essentially remained intact but now focus on the 

expression of FGF-BP3 mRNA during mouse development. Murine FGF-BP3 was 

isolated and amplified from NlE-115 mouse neuroblastoma cells. After the PCR product 

was sequence confirmed, it was used to generate an in situ hybridization probe to 

examine FGF-BP3 expression in embryonic tissue sections. Preliminary experiments 

with appropriate controls indicate a ubiquitous FGF-BP3 mRNA staining pattern in 11- 

day old mouse embryo sections. This investigation will be expanded to include murine 

tissues at different stages of embryonic development as well as adult tissue sections. 



Furthermore, a human FGF-BP3 in situ hybridization probe has been generated and 

normal and cancer tissue sections will be stained in order to prepare a clear tissue 

expression profile for FGF-BP3 in human tissue. Finally, we hope to develop an FGF- 

BP3 antibody using an FGF-BP3/GST-fusion protein. This will allow us to detect FGF- 

BP3 protein by immunohistochemistry in both mouse and human tissues sections. In 

total, this data will help determine the biological role and activity of FGF-BP3 in normal 

development and carcinogenesis. 



FGF-BP2  MKFVPCLLLVTLSCLGTLGQA--PRQKQGSTGEEFHFQTG GRD 41 
FGF-BP3 MTPPKLRASLSPSLLLLLSGCLLAAARR--EKG7yiSNVAEPVPGPTG GSS 48 
FGF-BPl ---MKICSLTLLSFLLLAAQVLLVEGKKKVKNGLHSKWSEQKDTLGNTQIKQKSRPGNK 57 

•**•    *    :    .   ....      * *. 

FGF-BP2 SCTMRPS SLGQGAGEVWLRVDCRNTDQT-YWCEYRGQPSMCQAFAADPKS 90 
FGF-BP3 GRFLSPEQHACSWQLLLPAPEAAAGSELALRCQSPDGARHQCAYRGHPERCAAYTVARRAH 108 
FGF-BPl GKFVTKDQANCR WAATEQEEGISLKVECTQLDHE-FSCVFAGNPTSCLKLKDER-V 111 

FGF-BP2 YWNQALQELRRLHHACQG-APVLRPSVCREAGPQAHMQQVTSSLKGSPEPNQQPEAGTPS 149 
FGF-BP3 FWKQVLGGLRKKRRPCHD-PAPLQARLCAGKKGHGAELRLVPRASPPARPTVAGFAGESK 167 
FGF-BPl YWKQVARNLRSQKDICRYSKTAVKTRVCRKDFPESSLKLVSSTLFGNTKPRKE KTE 167 

FGF-BP2 LRPKATVKLTEATQLGKDSMEELGKAKPTTRPTAKPTQ PGPRP 192 
FGF-BP3 PRARNRGRTRERASGPAAGTPPPQSAPPKENPSERKTNEGKRKAALVPNEERPMGTGPDP 227 
FGF-BPl MSPREHIKGKETTPSSLAVTQTMATKAPECVE DP 201 

* : .  * * 

FGF-BP2 GGNEEAKKKAWEHCWKPFQALCAFLISFFRG--- 223 
FGF-BP3 DGLDGNAELTETYCAEKWHSLCNFFVNFWNG  258 
FGF-BPl D-MANQRKTALEFCGETWSSLCTFFLSIVQDTSC 234 

. * *  ■*• - 

Figure 1: The FGF-BP3 Family.  Alignment of amino acid sequence of FGF-BPl, FGF-BP2, 
and an uncharacterized EST on chromosome 10 herein described as a novel family member, 
FGF-BP3. 



A. 
mBP3       MANAGMSPPRPRASLSPLTLLLLLGGCLLSAAGRDKGAAGREVTRASRPTVGSSGRFVSP 60 
hBP3        MTPPKLRASLSP-SLLLLLSGCLLAAARREKGAASNVAEPVPGPTGGSSGRFLSP 54 

*.**.  ******  .*****_****;**  *.****_.   .     ..  **  ******.** 

mBP3       EQHACSWQLLVPAPGTPTGGELALRCQTPGGASLHCAYRGHPERCAATGARRAHYWRRLL 120 
hBP3       EQHACSWQLLLPAPEAAAGSELALRCQSPDGARHQCAYRGHPERCAAYAARRAHFWKQVL 114 

**********;***  ._.*_*******.*.**    .************  _*****.*...* 

mBP3       GALRRRPRPCLDPAPLPPRLCA-RKTAGSDLHSPAHPSLPARPSEP PRSRARS 172 
hBP3       GGLRKKRRPCHDPAPLQARLCAGKKGHGAELRLVPRASPPARPTVAGFAGESKPRARNRG 174 

*_**.. *** ***** _**** ;*  *■:*:  .:.* ****; .       **;* *. 

mBP3       PARSRQS VRSP SSQPEKKPLLVKSNSGGRKAGSDPVPEPPAAAGFQPNGLDQNA 226 
hBP3       RTRERASGPAAGTPPPQSAPPKENPSERKTNEGKRKAALVPNEERPMGTGPDPDGLDGNA 234 

.***      .*   *.*...*   *.*****   *  **_.*.*.***** 

B. 

mBP3 
hBP3 

ELTETYCTEKWHSLCNFFVNFWNG 250 
ELTETYCAEKWHSLCNFFVNFWNG 258 
*******■**************** 

hBP2 

jebraBP2AI883044 

chicken BP2 

nBP3 

zebraBP1AI658264 

hBP3 

bovineBPI 

ratBPI 
mBP1 hBP1 

Figure 2: Human and marine FGF-BP3. A.) Alignment of amino acid sequence of human 
FGF-BP3 and a mouse EST determined to be the murine homologue of FGF-BP3. B.) Radial 
tree diagram demonstrating species homology of the three known members of the FGF-BP family 
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Figure 3: FGF-BP3 can modulate FGF2-dependant proliferation. A.) WST-1 proliferation 
measuring cell viability in parental SW-13 and FGF-BP3-expressing SW-13 cells grown 48 hours 
in serum-free conditions. B.) MAPK phosphorylation and total ERK expression levels as 
measured in parental SW-13 and FGF-BP3-expressing SW-13 cells grown overnight in serum- 
free conditions as measured through immunoblot analysis. 
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Figure 4: FGF-BP3 can modulate FGF2-dependant growth. Soft agar assay measuring 
anchorage-independent growth in parental SW-13 and FGF-BP3-expressing SW-13 cells grown in 
both the absence and presence of two doses of a neutralizing antibody to FGF-2. Colonies more 
than 80 [im in diameter were counted after 14 days of incubation 
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Figure 5: Immunoprecipitation analysis of the FGF-BP3/FGF2/FGFR1 complex. Whole cell 
lysate from parental and pcDNA3.1- or FGF-BP3-expressing SW-13 cells were 
immunoprecipitated overnight with an antibody against the V5 epitope and immunoblot analysis 
was performed using antibodies against A.) FGFRl, B.) FGF2, and C.) V5 epitope. Arrows 
indicate appropriate protein size. Note that basal levels of FGF2 are high in control cells. 
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Key Research Accomplishments 

• Identification of a novel Fibroblast Growth Factor Binding Protein, FGF-BP3 

• We have isolated and amplified human FGF-BP3 

• We have generated vector constructs containing the open reading frame of 

FGF-BP3 and created stable transfected cells lines expressing FGF-BP3. 

These SW-13 cells lines exhibit increased proliferation, MAPK 

phosphorylation, and anchorage-independent growth over control SW-13 cells. 

• We have demonstrated through immunoprecipitation assays that FGF-BP3 

forms a complex with both FGF2 and FGFRl in vivo. 

• We have isolated and amplified murine FGF-BP3 from the mouse 

neuroblastoma cell line, NlE-115. 

• We have generated an in situ hybridization probe for human and murine 

FGF-BP3 and preliminary results suggest ubiquitous staining for murine 

FGF-BP3 mRNA in 11-day mouse embryo sections 
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Conclusions 

The goal of Aim 2, experimental series #1 was to clone murine FGF-BP2 cDNA 

for in situ hybridization studies on mouse mammary gland development and 

carcinogenesis. The mouse EST sequence we initially thought to include FGF-BP2 was 

later determined to include the murine homologue to a novel FGF-BP family member, 

FGF-BP3. All attempts to find mouse FGF-BP2 through genome database analysis have 

proven to be unsuccessful. Due to the discovery of both human and murine FGF-BP3, 

we have shifted our focus to characterization of this family member while we continue to 

search for the mouse homologue to FGF-BP2. Using stable transfected SW-13 cell lines, 

we have determined that overexpression of FGF-BP3 results in an increased level of 

proliferation, MAPK phosphorylation, and anchorage-independent growth similar to what 

has been observed with FGF-BPl and FGF-BP2 in these same cell lines. As suspected, 

we have also determined that FGF-BP3 forms a complex with FGF2 and FGFRl in order 

to modulate FGF2-dependent biological activities. Further attempts to characterize FGF- 

BP3-dependent activity in cells are underway. Preliminary in situ hybridization 

experiments with a murine FGF-BP3 probe in 11-day mouse embryo sections have 

shown a ubiquitous mRNA staining pattern. Additional in situ hybridizations involving 

various stages of murine development as well as adult mouse tissue will be performed to 

better identify the tissue specificity of murine FGF-BP3. Furthermore, in situ 

hybridization and immunohistochemistry analysis in normal and cancerous human tissue 

will also help to identify an expression profile for human FGF-BP3. 
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Abbreviations 

FGF: fibroblast growth factor 
FGF-BP: fibroblast growth factor binding protein 
SCC: squamous cell carcinoma 
EST: expressed sequence tag 
MAPK: mitogen activated protein kinase 
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