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(ABSTRACT) 
 

Vascular endothelial growth factor (VEGF) is an endothelial cell mitogen 

involved in angiogenesis, the formation of new blood vessels.  sFlt-1, a secreted 

form of the signal-transducing VEGF receptor Flt-1, can inhibit cellular responses to 

VEGF both in vitro and in vivo.  sFlt-1 is generated by alternative pre-mRNA 

processing; removal of Flt-1 intron 13 by splicing produces the mRNA for 

transmembrane Flt-1, whereas cleavage/polyadenylation within this intron, 

preserving the exon 13/intron 13 junction, yields sFlt-1 mRNA.  Despite the likely 

importance of sFlt-1 in VEGF signaling, little is known about the regulation of its 

expression. 

Previous studies using an Flt-1 minigene (pFIN13) revealed that intronic 

cleavage/polyadenylation signals can affect Flt-1 expression, and, conversely, that 3’ 

intronic splice signals can affect sFlt-1 expression.  The goal of present work was to 

test the hypothesis that splicing and cleavage/polyadenylation factors compete 

functionally on Flt-1 transcripts, by 1) assessing the influence of exon 13/14 splicing 

determinants on expression of Flt-1 RNA processing variants in a transfected cell 

model system; 2) determining the effects of altering the relative abundance of 

proteins principally involved in splicing or cleavage/polyadenylation; and 3) 

characterizing a previously-unknown splice variant, predicted to encode a novel sFlt-

1 protein isoform, in cells overexpressing the spliceosomal RNA binding protein 

U2AF65.   

When the upstream exon in pFIN13 was decreased from 2135 to 309 bp, the 

sFlt-1:Flt-1 mRNA ratio decreased 8.9-fold and an aberrant 5’UTR/exon 14 splice 

decreased 60-fold, indicating that “exon definition” is a key parameter of successful 

Flt-1 RNA processing.  Mutation of 5’ or 3’ intronic splice signals had little effect on 

Long sFlt-1:Total sFlt-1 mRNA ratio, suggesting that splicing and 

cleavage/polyadenylation factors may not compete physically for Flt-1 transcripts.  

Although co-transfection with RNA processing factor cDNAs did not generally 
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produce the predicted pattern of effects on sFlt-1:Flt-1 mRNA ratio, a cryptic exon 

within intron 13 was revealed in cells overexpressing U2AF65.  sFlt-1 protein 

apparently can be encoded by mRNAs either cleaved/polyadenylated within intron 13 

or, surprisingly, by splicing of the cryptic exon “13b.”  Thus, the cellular decision to 

produce sFlt-1 or Flt-1 from a nascent RNA can no longer be viewed as a simple 

choice between cleavage/polyadenylation and splicing. 
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Chapter 1 .  Introduction 
 

Angiogenesis is the formation of new blood vessels from the existing 

vasculature.  It is involved in various physiological and pathological processes such 

as reproduction and cancer.  Vascular endothelial growth factor (VEGF) is a major 

regulator of angiogenesis (Drake et al., 2000).  VEGF acts through its membrane 

bound receptors Flt-1 (fms-like tyrosine kinase, VEGFR-1), and KDR (kinase insert 

domain containing receptor, VEGFR-2; the human homologue of murine Flk-1, fetal 

liver kinase).  These receptors are primarily expressed in endothelial cells.  However, 

Flt-1 can also be found in monocytes (Ferrara et al., 2003).  These receptors elicit 

mitogenic and chemotactic responses from cells when bound with the VEGF ligand.  

However, a truncated, secreted form of the signal-transducing VEGF receptor Flt-1, 

sFlt-1, can inhibit cellular responses to VEGF both in vitro and in vivo (Kendall et al., 

1996; He et al., 1999).  sFlt-1 is generated by alternative pre-mRNA processing of 

the Flt-1 gene.  Removal of Flt-1 intron 13 by splicing produces an mRNA encoding 

the transmembrane form of Flt-1, whereas cleavage/polyadenylation within this 

intron, preserving the exon 13/ intron 14 junction, yields sFlt-1 mRNA (Huckle and 

Roche, 2004; Kendall and Thomas, 1993).  Despite the likely importance of native 

sFlt-1 in VEGF signaling, little is known about the regulation of its expression.   

Overall, researchers in this laboratory are attempting to shed light on the 

mechanism of sFlt-1 expression regulation.  This is important because having the 

ability to manipulate either sFlt-1 or Flt-1 expression would mean having the ability to 

control, at least in part, the regulation of angiogenesis.  And, controlling angiogenesis 

would mean being able to inhibit vascularization of tumors.  Initial work led us to 

hypothesize that regions of intron 13 are critical for regulation of sFlt-1 processing.  

Previous studies in our laboratory using mini-gene (pFIN13) transfectants revealed 

that processing within intron 13 can affect Flt-1 splicing activity, since deletions or 

point mutations of cleavage/polyadenylation signals that produced significant 

decreases in sFlt-1 mRNA were associated with increased exon 13-exon 14 splicing 

(Huckle and Roche, 2004).  This led us to pose the converse question:  will 

mutations of splicing signals impact cleavage/polyadenylation in a similar manner?  

Alternative splicing is very common in gene regulation (~60%, Black, 2003).  It is 

likely that alternative splicing of intron 13 is in competition with 
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cleavage/polyadenylation of Flt-1 transcripts.  Previous research in this laboratory 

concluded that the polypyrimidine tract at the 3' end of mouse Flt-1 intron 13 is of 

intermediate strength as a splicing signal (Roche MS Thesis, 2002).  Mutational 

inactivation of the polypyrimidine tract was associated with increased sFlt-1 mRNA 

cleavage/polyadenylation, indicative of a reciprocal relationship between sFlt-1 and 

Flt-1 expression.  Additionally, multiple cleavage/polyadenylation signals present in 

intron 13 were utilized differentially.  Reciprocal increases in the full-length Flt-1 

mRNA accompanied decreased expression of sFlt-1 mRNA in 

cleavage/polyadenylation mutants.   

Based on this evidence and sFlt-1 overexpression studies in the literature, 

control of sFlt-1 expression is likely to be a major determinant of the responsiveness 

of endothelial cells to VEGF.  In an analogous alternate processing event involving 

the mRNAs encoding the membrane-bound (m) and secreted (s) forms of IgM heavy 

chain (μ), a balance is thought to exist between cleavage/polyadenylation and 

splicing signal strengths (Peterson, 1992).  Striking similarities between this system 

and the Flt-1 system support the prediction that alternative splicing and 

cleavage/polyadenylation events are major points of regulation for Flt-1/sFlt-1 

expression.  Furthermore, determinants of exon 13/14 splicing efficiency can 

potentially influence sFlt-1 mRNA expression and responsiveness to VEGF, by 

governing the balance between sFlt-1 and Flt-1. 
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Chapter 2 .  Literature Review 
 

Angiogenesis and VEGF.  Angiogenesis is the formation of new blood vessels from 

the pre-existing vasculature (Carmeliet, 2000; Folkman and Shing, 1992).  In normal 

tissue, endothelial cells are relatively quiescent (Ziche et al., 2004).  In non-sprouting 

vessels, endothelial surface proteins, such as VE-cadherin, occludin, and JAM-1, 

interact with one another and the extracellular matrix to create a permeability barrier.  

The extracellular matrix further provides support for the endothelial cells and helps 

prevent blood vessel collapse.  Collagen and elastin, as part of the interstitial matrix, 

encourage strength and elasticity as well (Carmeliet, 2003).   

However, when physiologic or pathologic processes require blood vessel 

sprouting or reorganization, endothelial cells can be stimulated by a number of 

factors including, but not limited to, ischemia (Breier et al., 1997), tissue hypoxia 

(Carmiliet, 2003; Richard et al., 1999), cytokines (Neufeld et al., 1999; Robinson and 

Stringer, 2001), acidic fibroblastic growth factor (aFGF), basic fibroblastic growth 

factor (bFGF), VEGF, and angiogenin (Folkman, 1995).  Angiogenesis is an 

important physiologic process in reproduction (Endo et al., 2001; Jaffe, 2000), 

embryo development (Breier et al., 1997), and wound repair (Folkman and Shing, 

1992) as well as in diseases such as arthritis (Folkman, 1995), diabetes, and cancer 

(Folkman and Shing, 1992; for a review, see Ferrara et al., 2003). 

Cancer remains the second leading cause of death in the United States, 

trailing heart disease (American Cancer Society, 2005), even though death and 

incidence rates for all cancers combined began to stabilize in the late 1990s after 

increasing significantly from the mid-1970s through the early 1990s (National Cancer 

Institute; www.cancer.gov).  In 2005, the American Cancer Society estimated that 

1,372,910 new cases of cancer would be diagnosed while 570,280 people would die 

from cancer, and that one out of two men and one out of three women will develop 

cancer in their lifetime.  This is a serious problem without a cure.   

Various factors indicate a requirement for the vascularization of solid tumors 

for growth beyond 1-2 mm3, a hypothesis articulated by Judah Folkman in the 1970s 

(Folkman, 1971; Bellamy et al., 1999; Cotran et al., 1999; Pavco et al., 2000; Los 

and Voest, 2001).  This size reflects the maximal thickness of tissue through which 
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sufficient oxygen and other nutrients can diffuse (Carmeliet and Jain, 2000; Cotran et 

al., 1999).  Beyond this size growth is outweighed by apoptosis and necrosis.  Tumor 

growth and expansion are dependent not only on the perfusion of blood but also on 

the paracrine stimulation by several growth factors and proteins provided by the new 

vascular endothelium.  The balance of positive and negative angiogenic factors 

released by the tumor or stromal tissue determines if the tumor remains quiescent or 

converts to an angiogenic phenotype (Folkman, 1995).  In cancer, high blood vessel 

density has been correlated to tumor growth rate and high metastatic potential 

(Bando et al., 2005; Kim et al., 1993; Lee et al., 1999; Plate et al., 1992; Shiose et 

al., 2000; Weidner, 1998).  In general, neoplasias with a higher intratumoral 

microvascular density have a higher potential to metastasize by spreading more cells 

that are already of the angiogenic phenotype (Weidner, 1998).  When integrated with 

other case-specific factors, tumor vascularity may serve as a prognostic tool for the 

outcome of the patient.   

Vascularization of tumors is a sign of “age.”  However, one critical factor that 

discourages targeting of angiogenesis as an anti-tumor therapy is the lack of 

structural integrity and organization of the tumor vessels.  They are often uneven, 

disorganized, dilated and contain numerous shunts and leaky branches (Carmeliet 

and Jain, 2000).  Because the cellular structure of these vessels is variable, targeting 

cell surface markers is inconsistent in treatment.  That being said, antiangiogenic 

therapy remains a growing field.  It is being examined especially for use in retinal 

neovascularization and in combination with chemotherapy and radiation therapy in 

the treatment of tumors.  Currently, several drugs that regulate angiogenesis are on 

the market or are approaching release.  In February of 2004, bevacizumab 

(Avastin®) was approved by the FDA as a treatment for metastatic colorectal cancer 

(Ferrara et al., 2005).  This is a humanized murine anti-human VEGF antibody 

shown to inhibit human tumor cell lines in nude mice (Ferrara et al., 2005).  Other 

inhibitors of angiogenic growth factors currently in clinical trials are PTK787 

(Novartis; blocks VEGF receptor signaling) and SU-5416 (Sugen and NCI, blocks 

KDR signaling) (Ziche et al., 2004).  Both are undergoing extensive evaluation for 

multiple cancer types.  One agent of particular interest being developed is known as 

“VEGF-Trap” (Regeneron).  This is a VEGF blocker consisting of the second Ig 
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domain of Flt-1 fused to the third Ig domain of KDR fused to the constant region of 

human IgG1 (Holash et al., 2002).  This is designed to serve as a decoy receptor for 

VEGF, acting in a similar manner to that of sFlt-1 (Holash et al., 2002).   

Blood vessel growth is strongly influenced by VEGF and its receptors (Drake 

et al., 2000; Robinson and Stringer, 2001; Shibuya, 2001a; Siemeister et al., 1998).  

The effects of VEGF are directed almost exclusively toward the vascular endothelium 

(Neufeld et al., 1999).  In murine models, the loss of one allele for VEGF creates 

severe developmental vascular deformities and leads to early embryonic death 

(Drake et al., 2000; Gale and Yancopoulos, 1999; Neufeld et al, 1999; Robinson and 

Stringer, 2001).  Several splice variants of VEGF have been discovered ranging in 

size from 121 to 206 amino acids.  VEGF-A isoform 165 is regarded as the most 

abundant form and will be referred to as VEGF here.  It is a secreted molecule, 

which mediates endothelial cell growth and angiogenesis (Leung et al., 1989).  

VEGF induces endothelial cells to express proteases and plasminogen activators to 

begin the process of angiogenesis (Robinson and Stringer, 2001).  The structure of 

VEGF is such that it is able to form homo- or heterodimers (Neufeld et al., 1999).  

Other VEGF-related proteins will stimulate similar cellular responses through 

interaction with the broader family of VEGF receptors.  These include VEGF 

homologues VEGF-B, -C, and –D, as well as placenta growth factor (PlGF) (Clauss, 

2000).  These are distinct from other endothelial growth promoters, platelet-derived 

growth factor (PDGF) and the FGFs, which activate distinct families of receptors 

(Clauss, 2000).  The influence of VEGF on blood vessels can be seen in work by 

Benjamin et al. (1999) where down-regulation of VEGF occurs via two models:  (1) 

murine xenograft with transgene VEGF control, and (2) established human tumors 

from androgen and non-androgen ablation therapy patients.  They show that this 

leads to a decrease in functional vasculature as evidenced by increased hemorrhage 

and tumor necrosis.   

 

VEGF Receptors.  KDR and Flt-1.  Several receptors exist for VEGF.  The best 

characterized of these are Flt-1 (fms-like tyrosine kinase, VEGFR-1), and KDR 

(kinase insert domain containing receptor, VEGFR-2; the human homologue of 

murine Flk-1, fetal liver kinase) (Figure 2.1A).  Gene targeting studies have shown 
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that Flt-1-/- mice die in utero between days 8 and 9 showing an overproliferation of 

angioblasts (Ferrara et al., 2003; Fong et al., 1995; Shibuya, 2001b).  Here, the 

endothelial cells develop but fail to organize.  KDR-/- mice also die in utero between 

days 8 and 9.  However, these mice fail to develop blood islands and organized 

blood vessels, showing an overall failure of vasculogenesis (Ferrara et al., 2003; 

Millauer et al., 1993; Shibuya, 2001b).  Both receptors belong to the receptor-type 

tyrosine kinase superfamily (Shibuya, 2001b).  They are structurally similar, with 

seven immunoglobulin-like domains making up the extracellular region, a 

transmembrane domain, and an intracellular region containing a tyrosine kinase 

domain divided by a long kinase-insert domain (Brekken et al., 2000; Davis-Smith et 

al., 1996; Hiratsuka et al., 2001; Kroll and Waltenberger, 1997).  In the case of Flt-1, 

the first, second, and third immunoglobulin-like domains are required for ligand 

binding, and the fourth domain is involved in receptor dimerization (Barleon et al., 

1997; Cunningham et al., 1997; Davis-Smith et al., 1996; Shibuya, 2001b; Tanaka et 

al., 1997).   

When VEGF binds KDR and/or Flt-1, a conformational change is thought to 

occur.  This is followed by dimerization of the receptors (either homo- or hetero-) and 

autophosphorylation (Kroll and Waltenberger, 1997).  This activates a signal 

transduction pathway within the cell (Figure 2.1B).  Phospholipase Cγ, PI3 kinase, 

and elements of the mitogen-activated protein kinase pathways have been identified 

as members of the VEGF/ KDR signal transduction pathway that lead to cellular 

proliferation, permeability and migration (Cross et al., 2003; Jia et al., 2004; Meyer 

and Rahimi, 2003).   

Other components of the VEGF/ KDR pathway include Ras GTPase-

activating protein, Src protein kinases, and eNOS which also lead to cell 

permeability, proliferation and migration (Cross et al., 2003; Brekken et al., 2000; 

Kroll and Waltenberger, 1997).  Crossover is suspected between the VEGF/ KDR 

pathway and the VEGF/ Flt-1 pathway, but because the two receptors trigger 

different cellular responses, the likelihood of the pathways being identical is low 

(Cunningham et al., 1995; Gille et al., 2001; Kroll and Waltenberger, 1997; 

Waltenberger et al., 1994).  While KDR stimulation in endothelial cells leads to 

proliferation, migration, survival, and further angiogenesis, Flt-1 appears to have a 
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different effect (Ferrara et al., 2003).  Flt-1 has been shown to interact with another 

ligand PlGF, and scientists propose that this interaction may serve to inhibit the 

interaction of VEGF with Flt-1 (Ferrara et al., 2003).  However, in other cell types, 

such as monocytes, Flt-1 is responsible for migration and hematopoeisis through the 

induction of matrix metalloproteinases, the release of hepatotropic molecules and 

tissue specific growth factors in a vascular bed specific fashion (Ferrara et al., 2003; 

Shibuya, 2001b).  These alternate functions could be partially credited to the binding 

of another ligand, PlGF, to Flt-1 as well (Clauss et al., 1996; Ferrara et al., 2003; 

Shibuya, 2001b).   

 

sFlt-1.  A secreted form of Flt-1 (sFlt-1), derived from alternatively spliced 

RNA, has also been discovered.  Shibuya et al. (1990) identified a 2.5-3 kb band on 

a Northern blot they hypothesized to be a truncated version of Flt-1.  Complementary 

DNAs encoding this receptor were later isolated from a human umbilical vein 

endothelial cell (HUVEC) cDNA library and further characterized by Kendall and 

Thomas (1993), Kendall et al. (1996) and Kondo et al. (1998).  The sequence of sFlt-

1 was predicted to be identical to that of Flt-1 through the sixth Ig-like domain but 

different thereafter, with sFlt-1 cDNA containing a portion of an intron that is normally 

spliced out of the full-length receptor (Kendall and Thomas, 1993).  The suspicion of 

an unspliced intron was increased when a common intron donor site (GU) was 

confirmed with genomic PCR analysis and DNA sequencing (Kendall and Thomas, 

1993).  The seventh immunoglobulin-like domain of Flt-1, in addition to the 

transmembrane and intracellular domains, is predicted to be missing from the 

structure of sFlt-1, replaced by a unique C-terminus (Kendall and Thomas, 1993) 

(Figure 2.2).  The predicted structure of sFlt-1 implies a VEGF binding receptor that 

could inhibit the cellular response associated with VEGF/ Flt-1 and VEGF/ KDR 

interactions (Kendall and Thomas, 1993; Kendall et al., 1996).   

Functionally, sFlt-1 is suspected to maintain quiescence in monolayers of 

confluent endothelial cells, terminate angiogenesis and vascular permeability through 

a feedback mechanism, and, in tissues that are normally avascular, prevent blood 

vessel growth.  It is thought to form inactive heterodimers with KDR and Flt-1 and 

serve in a dominant-negative function (He et al., 1999; Kendall et al., 1996) or, when 



 8

present in excess over KDR or Flt-1, soak up much of the available VEGF (Kendall 

and Thomas, 1993).  sFlt-1 has been shown to inhibit VEGF-induced migration of 

HUVE cells in vitro (Ahmad and Ahmed, 2005).  Expression of the sFlt-1 receptor 

has been shown in the adult mouse kidney, liver, and uterus (He et al., 1999).   

During the first trimester of pregnancy, there is little evidence of sFlt-1 

expression in the trophoblast bilayer placental villi (Ahmad and Ahmed, 2005).  

However, much stronger expression is present during the second trimester in the 

syncytiotrophoblast as determined by immunolocalization from human placental 

tissue samples.  In placentas harvested from pregnant BALB/c mice, in situ 

hybridization showed expression of sFlt-1 in spongiotrophoblast cells at days 13, 15 

and 17 (He et al., 1999).  sFlt-1 expression has also been seen in MCF-7 cells, a 

human breast carcinoma cell line (Elkin et al., 2004).  However, in these 

experiments, sFlt-1 was shown to be inhibited by estrogen treatment, showing a 

possible link between estrogen effects and breast cancer through sFlt-1 and the 

VEGF signal transduction pathway.  It is thought in preeclampsia that sFlt-1 plays a 

major role in the pathogenesis of the disease due to high levels of expression in the 

trophoblast that seem to be partially controlled by hypoxia (Ahmad and Ahmed, 

2005).  

Rajakumar et al. (2005) demonstrate an alternative source of sFlt-1 in human 

preeclamptic placental tissues to be peripheral blood mononuclear cells (PMBC’s).  

In this article, they also give support to the hypoxia regulated increase in expression 

of sFlt-1.  In three different in vivo studies reported by Goldman et al. (1998) a 

significant decrease in tumor metastasis or size is present in mice injected with either 

HT-1080 human fibrosarcoma cells or D54-MG human glioblastoma cells transfected 

with a sFlt-1 expression construct.  Additionally, they report the effect of sFlt-1 on 

tumor growth and metastasis is controlled by duration and magnitude of expression.  

In an experiment utilizing a truncated form of sFlt-1,containing only the first three 

ectodomains, injected distally to a follicular thyroid carcinoma (FTC)-133 tumor cell 

transplant in nude mice also showed inhibition of tumor growth (Ye et al., 2004).  

These investigators established this truncated receptor as an effective inhibitor of 

HUVEC proliferation in vitro as well.  Other laboratories also show sFlt-1 as an 

effective inhibitor of endothelial cell proliferation in vitro and angiogenesis in vivo in 
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cancer models (Hasumi et al., 2002) and models of retinal neovasculatization (Rota 

et al., 2004).   

Both Flt-1 and sFlt-1 expression were found to change in the placenta of late 

gestation mice.  However, Flt-1 expression was reported to decrease while sFlt-1 

expression was reported to increase (He et al., 1999).  Using ratios obtained via 

Northern blotting, He et al. (1999) suggest this changing balance as a possible 

mechanism for the regulation of VEGF activity.  In the typical cycling human female, 

Flt-1 and KDR levels have been found to be relatively stable throughout the entire 

menstrual cycle (Krussel et al., 1999).  However, sFlt-1 expression follows a pattern 

that peaks at the mid-proliferative phase and troughs during the early-secretory 

phase (Krussel et al., 1999).  Hypoxia appears to be partially responsible for this 

regulation of sFlt-1 here as well.  One study showed a brief increase in sFlt-1 but a 

sustained increase in full-length Flt-1 mRNA levels in HUVECs incubated with 

conditioned media from C6 rat glioblastoma cells under hypoxic conditions (Barleon 

et al., 1997).  However, it has been suggested that alterations in the levels of sFlt-1 

could significantly change the angiogenic activity of tumor-derived VEGF, as well 

(Goldman et al., 1998).  It is possible, therefore, that a change in sFlt-1 expression 

levels could influence the vascularization of tumors, and thus warrants further inquiry 

into sFlt-1 regulation.   

Further examining the Flt-1 and sFlt-1 expression ratio, Elkin et al. (2004) 

show expression of Flt-1 in HUVE cells while sFlt-1 expression predominates in 

normal and breast cancer cell lines (Hs578Bst, normal human breast cells; MCF7, 

ER-positive breast carcinoma cells; MDA-MB-231, ER-negative breast carcinoma 

cells).  Although estrogen seems to not change expression of Flt-1, sFlt-1 is 

significantly decreased in MCF-7 breast carcinoma cells in response to estrogen.  In 

addition, in vivo Flt-1 expression in nude mice was decreased with estrogen 

treatment leading to an increase in vascular density.  Elkin et al. (2004) hypothesize 

that normal breast tissue cells are less responsive to estrogen and therefore express 

sFlt-1 to absorb endogenous VEGF and prevent “inappropriate angiogenesis.”  

However, they speculate that in breast cancer, the cells would be primarily 

responsive to estrogen, similar to the MCF7 cells, and thus would allow a reduction 

of Flt-1 and sFlt-1 and stimulate tumor promoting angiogenesis (Elkin et al., 2004).   
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In another study by Rajakumar et al. (2005), upregulation of both Flt-1 and 

sFlt-1 in human villous explants occurred under hypoxic conditions.  In this same 

study, various levels of Flt-1 expression were detected in PMBCs from pregnant 

women and subsequently they reacted differently under hypoxic conditions.  

However, sFlt-was significantly increased under both normoxic and hypoxic 

conditions in PMBCs from preeclamptic women over levels seen in normal women 

(Rajakumar et al., 2005).  The authors suggest PMBC’s as a significant additional 

source of sFlt-1 contributing to the pathogenesis of preeclampsia, a condition where 

there is a reduction in uteroplacental blood flow leading to local placental hypoxia, 

and therefore an increase in angiogenic factors. 

Regulation of VEGF signaling plays an important role in pathologic and 

physiologic processes.  Understanding the process and potential mechanism of sFlt-

1 regulation is significant.  Because sFlt-1 is an alternatively processed form of the 

VEGF receptor Flt-1, understanding the RNA processing events involved in sFlt-1 

mRNA generation could shed light on the mechanism of molecular regulation.  This 

is equally as important as the physiologic regulation of expression in that information 

produced dealing with RNA processing could aid in improving efficacy and decrease 

side effects of drugs being developed for anti-angiogenic therapies. 

 

RNA Processing.  mRNA processing is often separated into transcription, capping 

and methylation, splicing, and cleavage/polyadenylation.  Each of these events is 

important.  All together, these processes identify the RNA as mature and ready for 

nuclear export and translation.  More specifically, polyadenylation is often 

responsible for stabilization or regulation of decay, while capping and methylation are 

necessary for cellular localization and regulation of translation (Krainer, 1997; Lewin, 

2000).  Although they will be addressed independently here, there is increasing 

evidence that these processes occur simultaneously and interact (Goldstrohm et al., 

2001; Minvielle-Sebastia and Keller, 1999).   

 

Cleavage/Polyadenylation.  Cleavage/polyadenylation of mRNA is a multi-

step process that is integrated with transcription and termination (Figure 2.3).  RNA 

polymerase transcribes the RNA including the cleavage/polyadenylation signal 
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AAUAAA (Figure 2.3A).  This hexanucleotide sequence was originally identified via 

cross-species homology by Proudfoot and Brownlee (1976).  It was further 

characterized through mutational analysis in 1981 by Fitzgerald and Shenk.  This 

sequence seems to be the most commonly utilized; however, there are other variants 

which, when taken together, make NNUANA, a 90% consensus for active signaling 

elements (Beaudoing et al., 2000; Edmonds, 2002).  The 160 kDa subunit of 

cleavage/polyadenylation specificity factor (CPSF160) with the help of two of its three 

remaining subunits, CPSF100 and CPSF30, recognizes and binds the AAUAAA signal 

(Figure 2.3B).  Additionally, the 64kDa subunit of the cleavage stimulation factor 

(CstF64) binds a downstream G/U or U rich element (Chen et al., 1995; Chou et al., 

1994; Zhao et al., 1999) and is thought to influence the location of the cleavage site 

(MacDonald et al., 1994).  The remaining subunits of CstF, CstF77 and CstF50, are 

involved in the stabilization of this complex (Figure 2.3B).  The structure of the 

complex loops the RNA, and cleavage factors (CF) Im and IIm help to increase 

stability (Figure 2.3C).  Poly-A polymerase (PAP) completes the formation of the 

cleavage-competent complex and stimulates endonucleolytic cleavage 10 to 30 

bases after the AAUAAA signal, but before the downstream G/U or U rich element 

(Beaudoing et al., 2000; Edmonds, 2002; Zhao et al., 1999) (Figure 2.3C).  CstF, 

RNA polymerase, CFIm and CFIIm dissociate, and the remaining 3’ RNA is degraded.  

PAP then slowly adds approximately 12 adenosine residues to the 3’ OH (Figure 

2.3D).  With the binding of poly-A binding protein (PAB) II, PAP begins a rapid 

addition of 200 to 250 adenosine residues prior to termination (Figure 2.3E).  The 

mechanism by which polyadenylation is terminated is not well understood, however it 

does involve the release of PAP and CPSF (Lewin, 2000; Zhao et al., 1999).  

 

Splicing.  RNA splicing is a multi-step process in which the spliceosome is 

assembled around elements that together constitute the splicing signal (Figure 2.4A).  

These elements are the 5’ splice site, the 3’ splice site, the branch point and the 

polypyrimidine tract.  First, the U1 snRNA (small nuclear RNA) interacts with the 5’ 

splice site through RNA-RNA base pairing (Frendewey and Keller, 1985; Penotti, 

1991; Reed and Palandjian, 1997; Wagner and Garcia-Blanco, 2001; Watakabe et 

al., 1993; Wu and Manley, 1989) (Figure 2.4B).  Then U2AF65 (U2 snRNP auxiliary 
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factor) and U2AF35 recognize the polypyrimidine tract and 3’ splice site, respectively 

(Penotti, 1991; Reed and Palandjian, 1997; Wagner and Garcia-Blanco, 2001).  

Once this recognition occurs, the commitment complex E is formed (Figure 2.4B).  

U2 snRNP, and SF1 (splicing factor 1) bind the branch point adenosine yielding the 

pre-splicing complex A (Figure 2.4B).  Early splicing complex B is formed when the 

U4, U5, and U6 tri-snRNP complex join pre-splicing complex A (Kramer, 1996) 

(Figure 2.4C).  A conformational rearrangement takes place, converting complex B 

into the catalytically active late splicing complex C (Kramer, 1996).  Following this, 

the first transesterification reaction takes place, hydrolyzing the 5’ splice site and 

coupling it to the branch point adenosine (Reed and Palandjian, 1997; Wagner and 

Garcia-Blanco, 2001; Will and Luhrmann, 1997) (Figure 2.4D).  This then interacts 

with the branch point again to yield the second transesterification reaction (Wagner 

and Garcia-Blanco, 2001).  This time, the 3’ splice site is cleaved and the exons are 

ligated (Watakabe et al., 1993; Will and Luhrmann, 1997).  This is considered to be 

the post-splicing complex (Kramer, 1996) (Figure 2.4E).   

The 5’ and 3’ splice sites, in addition to the branch point, are believed to be 

the principal determinants of where splicing occurs (Lear et al., 1990; Penotti, 1991; 

Reed and Palandjian, 1997).  The consensus sequences of a U2 dependent intron 

(GU/AG) have been well established through sequence homology and mutational 

analysis experiments (Lewin, 2000; Penotti, 1991; Reed and Palandjian, 1997).  The 

5’ splice site consensus can be extended to read cAG/GURAGu (where R is a purine 

[either A or G], and the lowercase letters occur 46% of the time, and a / showing the 

exon-intron boundary), but the consistency of this is reduced (Penotti, 1991) (Figure 

2.4A).  The consensus for the 3’ splice site is, when extended, NCAG/g (where N 

represents any nucleotide) (Penotti, 1991; Watakabe et al., 1993) (Figure 2.4A).  The 

branch point sequence, also determined through mutational analysis and homology, 

for mammalian species is equally agreed upon, but is more variable in composition.  

Reed and Palandjian (1997) published the sequence to be YNRAY where Y 

represents a pyrimidine, R represents a purine, and N represents any nucleotide 

(Figure 2.4A).  Several others have published similar sequences, but this is the most 

liberal (Frendewey and Keller, 1985; Norton, 1994; Penotti, 1991; Reed and 

Maniatis, 1988; Reed and Palandjian, 1997; Zhuang et al., 1989).  Splice site 



 13

strength may be predicted by its closeness in sequence to the consensus (Peterson, 

1992; Watakabe et al., 1993).  This strength, through protein binding affinity, is an 

important locus of regulation (Wagner and Garcia-Blanco, 2001).  Many of these 

investigators use mutational analysis to determine cis element consensus sequence 

and strength.  Additionally, they also take known elements and exchange them for 

native elements in novel systems or genes to determine accuracy of identification 

and strength. 

In addition to the splicing signals mentioned above, a fourth signal, the 

polypyrimidine (PPy) tract, is a major contributing factor to splicing efficiency (Figure 

2.4A).  The PPy tract is essential for the efficient recognition of the 3’ splice site and 

branch point utilization (Roscigno et al., 1993).  U2AF65 is thought to bind the PPy 

tract directly as determined by mutational analysis and in vitro splicing experiments 

(Roscigno et al., 1993; Wagner and Garcia-Blanco, 2001; Will and Luhrmann, 1997) 

and influence the interaction of serine-arginine rich (SR) proteins with the pre-mRNA 

(Will and Luhrmann, 1997).  The actual content and length of the PPy is variable but 

often includes different C/U combinations, such as UCUUC or UUCU/C which would 

allow for binding of the polypyrimidine tract binding protein (PTB) (Conte et al., 2000; 

Singh et al., 1995).  Strong PPy tracts are also often U-rich (Frendewey and Keller, 

1985), allowing for binding of hnRNP C (heterogeneous ribonucleoprotein C), which 

requires five consecutive uridines to bind (Roscigno et al., 1993).  In several cases, it 

has been found that strong PPy tracts can augment or replace the effect of a weak 

branch point and vice versa (Coolidge et al., 1997; Roscigno et al., 1993; Zhuang et 

al., 1989).  Mutational analysis of the PPy tract has shown the PPy tract is 

responsible for determining the location of the branch point and the 3’ splice site, and 

plays a role in the regulation of splice site choice in alternative splicing (Norton, 

1994; Patterson and Guthrie, 1991; Roscigno et al., 1993).  Additionally, it was 

determined that in the early events of pre-mRNA splicing, the PPy tract was essential 

for stable splicing complex formation (Frendewey and Keller, 1985; Roscigno et al., 

1993).   

 

U2AF65.  There are numerous proteins involved in RNA processing.  To 

simplify matters, this project will look at characterizing the properties of U2AF65 as it 
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relates to Flt-1 mRNA processing.  U2AF65 is evolutionarily conserved from 

Saccharomyces cerevisiae, (where the protein is known as MUD2) (Birney et al., 

1992; Kistler and Guthrie, 2001) and Schizosaccharomyces pombe (Potashkin et al., 

1993), to Drosophila melanogaster  (Kanaar et al., 1993), to mammals (Kent et al., 

2003; Sailer et al., 1992; Zamore and Green, 1991) and higher plants (Domon et al., 

1998) showing its importance.  In vitro splicing assays have determined that the 

active subunit, U2AF65, is required for intron splicing (Banerjee et al., 2004; Rudner 

et al., 1998; Selenko et al., 2003; Zamore and Green, 1991).  More specifically, 

U2AF65 binds directly to the mRNA at the PPy tract and other U-rich regions 

(Banerjee et al., 2004; Kent et al., 2003; Zamore and Green, 1991).  It is required for 

stability of the core spliceosome (Kent et al., 2003; Kielkopf et al, 2004) as well as 

the recruitment of other spliceosome protein members, such as U2 snRNPs (Gozani 

et al., 1998) and U2AF65 associated protein (UAP56) (Fleckner et al., 1997).  In 

addition to recruiting both the SF1 protein and U2AF35 subunit, it is hypothesized that 

U2AF65 is also involved in improving U1 snRNP binding to weak 5’ splice sites where 

it could serve in exon definition (Forch et al., 2003).  It is also heavily involved in 

alternative splicing due to its importance in structure stability (Kielkopf et al., 2004; 

Selenko et al., 2003).  The U2AF65 structure contains an arginine-serine rich (RS) 

domain near the N-terminus and three C-terminal RNA recognition motifs (RRM) 

(Kent et al., 2003; Rudner et al., 1998) (see Figure 5.1).  The function of the RS 

domain seems to be involved in supporting base-pair interactions between snRNAs 

(U2 snRNA – Valcarcel et al., 1996) and cis elements, such as the branch point 

(Forch et al., 2003).  The RRM domains are associated with both RNA-protein 

binding and protein-protein interactions (Kielkopf et al., 2004; Selenko et al., 2003).  

It is suspected that the first two of the three RRM domains are important to binding to 

the PPy tract (Kent et al., 2003; Selenko et al., 2003).  Additionally, the C-terminal 

RRM3 of U2AF65 is involved in interacting with SF1 (Selenko et al., 2003), while N-

terminal amino acids ~85-112 interacts with U2AF35 (Kellenberger et al., 2002).  The 

transient nature of the spliceosome as well as the protein structure of U2AF65 has led 

investigators to think that U2AF65 may play an intregal role in RNA structural 

rearrangements necessary for spliceosomal stability (Forch et al., 2003).  Because 

this protein has been shown to play an important role in splicing and binds directly to 
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the polypyrimidine tract, to which we have previously made mutations, we chose to 

further characterize U2AF65.   

 

Exon Definition.  Exon definition presents the idea of splicing proteins 

recognizing the 3’ end of an upstream intron/ exon boundary and the following 

downstream 5’ intron/ exon boundary and thus defining the bridged sequence in 

between as an exon (Robberson et al., 1990).  This is opposite to the traditional view 

of the 5’ exon/ intron boundary and the following 3’ intron/exon boundary being 

recognized and bridging the intronic sequence and therefore identifying the exons by 

exclusion.  Early models of splicing suggested intron scanning from one site 

recognition to the next (Robberson et al., 1990).  However, these were quickly 

dismissed and replaced by the idea of each splice site being recognized 

independently and subsequent factor interactions dictate exon location and splicing 

order (Robberson et al., 1990).  More recently, it has been suggested that exonic 

sequences are involved in splice site selection.  This idea is heavily supported by the 

existence of large introns and relatively small exons present in the mammalian 

genome (Berget, 1995).  This is further supported by the average exon size being 

≤500 nucleotides (Clark and Thanaraj, 2002; Zheng, 2004).  This size would allow 

the splicing machinery to find splice sites that were close in proximity thus allowing 

interaction of spliceosome machinery U1 snRNP and U2AF65 through SR proteins 

(Forch et al., 2003).  Additionally, protein interactions bridging exons containing 

exonic splicing enhancers (ESE) could also dictate exon splicing order (Ibrahim et 

al., 2005).  These ideas have been tested experimentally through mutational analysis 

and splicing assays (Robberson et al., 1990).   

 

Alternative processing.  Alternative processing is a mechanism by which 

multiple functional proteins can be produced by a single gene that is differentially 

expressed (Konig et al., 1998).  It is very common in mammals, occurring 

approximately 60% of the time (Black, 2003).  It includes events that retain or 

exclude intron(s), use alternate 5’ donor and/or 3’ acceptor splice sites, promoters 

and polyadenylation sites, or retain or exclude exons (Goldstrohm et al., 2001; Smith 

et al., 1989; Wang et al., 1997) (Figure 2.5).  In each case, the end product differs 
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from what the original processing event would predict by frameshifting, premature 

termination, and/or inserting or deleting small alternative peptide segments.  

Examples of alternative processing are found frequently and in a wide variety of 

species.  One of the more well studied examples of alternative processing is the Sex-

lethal (Sxl) gene cascade in Drosophilia (Lopez, 1998; Smith et al., 1989).  This 

protein is at the top of a genetic cascade.  It controls splicing of itself as well as the 

downstream transformer (tra) and male-specific-lethal-2 (msl2) gene through positive 

and negative feedback loops as well as RNA binding mechanisms (Lopez, 1998; 

Penalva and Sanchez, 2003; Wang et al., 1997).  When sxl is expressed, it causes 

exclusion of a default exon within itself encouraging a positive feedback loop.  Sxl 

has been identified as an RNA binding protein and will bind tra RNA and block 

splicing at the non-sex specific 3’ splice site, thus causing splicing to occur at a distal 

female specific 3’ splice site (Penalva and Sanchez, 2003).  Sxl also blocks splicing 

of an intron in the 5’UTR of msl2 preventing the hyperactivation of X-linked 

transcription usually stimulated in males (Lopez, 1998).  Viruses also show several 

examples of alternative processing; one example is Rous sarcoma virus (RSV).  In 

this case, a single gene codes for the four viral proteins gag, pol, env, and src 

(Berberich and Stoltzfus, 1991; Ficht et al., 1984; Wang et al., 1997).  A single 5’ 

splice site can be spliced to one of two 3’ splice sites to produce either the env or src 

mRNAs (Berberich and Stoltzfus, 1991).  One final example of alternative processing 

is an example of alternative use of cleavage and polyadenylation signals through 

alternative exon usage as seen in the human calcitonin / calcitonin gene-related 

peptide (CGRP) gene (Lou and Gagel, 1998; Smith et al., 1989; Wang et al., 1997).  

In this case, the gene codes for both calcitonin and CGRP.  In a tissue specific 

manner, each or both is expressed (Wang et al., 1997).  In thyroidal cells, 95% of the 

mRNA is processed to retain an internal terminal exon, exon 4, to produce calcitonin.  

However, in neuronal cells, exon 4 is excluded and exon 3 is spliced to exon 5 to 

produce CGRP using the exon 6 polyadenylation signal (Lou and Gagel, 1998).  In 

malignant C cells, both proteins are produced (Lou and Gagel, 1998). 

An additional concept involved in alternative processing is tissue/cell specific 

expression.  This is often determined by the presence or concentration of trans 

factors (similar to that of SXL and calcitonin/CGRP).  A neuron specific protein, 
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neuro-oncological ventral antigen 1 (NOVA-1), has been identified and is involved in 

splicing regulation (Dredge et al., 2001).  This protein has been shown to bind to 

UCAUY sequence and act through an exonic splicing enhancer to mediate exon 

skipping (Dredge et al., 2005).  Relative abundance of SR proteins may also impact 

patterns of alternative splicing as tested by Caceres et al. (1994) with overexpression 

experiments using SF2/ASF and hnRNP A1.  What they found was overexpression 

of SF2/ASF stimulated use of proximal 5’ splice sites, exon inclusion while 

preventing abnormal exon skipping.  hnRNP A1, however, enhanced the use of distal 

5’ splice sites (Caceres et al., 1994).  Van der Houven van Oordt et al. (2000) also 

suggest the subcellular distribution of hnRNP A1 as well as SR proteins might 

modulate alternative splicing regulation.  Because the phosphorylation state of these 

proteins changes as they are moved in and out of cellular compartments, their ability 

to function would also change.   

 

IgM as a Model.  Regulation of the splicing balance between Flt-1 and sFlt-1 

is not unique.  In a similar alternative splicing situation of the mRNA’s encoding the 

membrane-bound (m) and secreted (s) forms of immunoglobulin M (IgM) heavy 

chain (μ), there is a balance between the strengths of signals for cleavage/poly-

adenylation and splicing  (Peterson, 1992).  As B cells mature, there is a shift in 

which of the IgM forms predominate.  A single gene encodes both μs and μm forms.  

The coding DNA is very similar to that of Flt-1 in that it contains the μs 

polyadenylation site in an intron that is spliced out of the μm form.  The μs mRNA is 

produced by early cleavage/polyadenylation, while μm is produced by splicing the 

exons and polyadenylating further downstream (Peterson, 1992).  Early in B cell 

growth, both forms of mRNA are produced; however, the μm mRNA and protein 

predominate, while in mature plasma cells, μs mRNA and protein is favorably 

produced.  In an experiment to examine regulation, both sequences coding for the 

events were mutated.  In each case, a stronger sequence match to the consensus 

was substituted for the wild type, and combined with either the wild type or a weaker 

substituted sequence.  It was determined that both the polyadenylation and splicing 

sites were sub-optimal but balanced (Peterson, 1992).  Therefore, improving the 

polyadenylation site caused relatively more mRNA to be cleaved and polyadenylated 
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as opposed to spliced.  The reverse was also shown to be true.  This sub-optimal 

condition is found frequently and is often an important part of the regulatory 

mechanism (Norton, 1994; Peterson, 1992).  In addition, the size of the introns and 

surrounding exons seems to have an effect on which processing reaction takes place 

(Peterson et al., 1994; Yan et al., 1995).   

Other studies have determined that a change in trans factor expression and 

activity may also lead to a change in the μm: μs ratio (Edwalds-Gilbert, 1995; 

Edwalds-Gilbert et al., 1997; Takagaki et al., 1996; Takagaki and Manley, 1998).  

The hypothesis supported by Takagaki et al. (1996) states that the more efficient μm 

polyadenylation site is more likely to be used and membrane bound IgM produced in 

B cells where there is a limiting amount of CstF64.  Plasma cells, however, have more 

CstF64 and therefore would be able to use the less efficient μs polyadenylation site 

more.  In later experiments, Takagaki and Manley (1998) manipulated the amount of 

CstF64 produced in a chicken B cell line and studied its effects on gene expression 

and cell growth.  In these experiments, reduction of CstF64 led to slowed growth and 

drastic reduction of IgM H-chain mRNA.  Specifically, when CstF64 was higher than 

wild-type cells, an excess of μs mRNA was produced and μm mRNA levels were 

decreased.  However, when CstF64 was decreased to 10% of the wild-type cells, the 

overall ratio of μs: μm was reduced, favoring μm mRNA.  Edwalds-Gilbert and 

Milcarek (1995) showed that the activity of CstF64 is altered in a B-cell-specific 

manner.  In plasma cells, there is an increase in the amount of CstF64 bound to 

mRNAs.  This increase would imply improved polyadenylation efficiency and 

therefore increased use of the weaker μs polyadenylation site.  In a retrospective 

analysis by Edwalds-Gilbert et al. (1997), the amount of CstF64 is shown to change 

from low in resting B cells to high in plasma cells.  Additionally, RNA binding activity 

of this protein is also shown to change from low to high as B cells mature.  Because 

of general similarities between the IgM and Flt-1 structures, including the competing 

splice and cleavage/polyadenylation signals, we hope to be able to apply information 

from the IgM system to the Flt-1 system.   

Based on this evidence and sFlt-1 overexpression studies in the literature, 

control of sFlt-1 expression is likely to be a major determinant of the responsiveness 

of endothelial cells to VEGF.  In an analogous alternate processing event involving 
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the mRNAs encoding the membrane-bound (m) and secreted (s) forms of IgM heavy 

chain (μ), a balance is thought to exist between cleavage/polyadenylation and 

splicing signal strengths (Peterson, 1992).  Striking similarities between this system 

and the Flt-1 system support the prediction that alternative splicing and 

cleavage/polyadenylation events are major points of regulation for Flt-1/sFlt-1 

expression.   

Previous research in this laboratory concluded that the PPy tract at the 3' end 

of mouse Flt-1 intron 13 is of intermediate strength as a splicing signal.  Mutational 

inactivation of the PPy tract was associated with increased sFlt-1 mRNA 

cleavage/polyadenylation, indicative of a reciprocal relationship between sFlt-1 and 

Flt-1 expression (Huckle and Roche, 2004).  Additionally, multiple cleavage/poly-

adenylation signals present in intron 13 were utilized differentially.  Reciprocal 

increases in the full-length Flt-1 mRNA accompanied decreased expression of sFlt-1 

mRNA in cleavage/polyadenylation mutants.  It is now hypothesized that the RNA 

and protein factors that are responsible for splicing and cleavage/polyadenylation 

compete for binding and processing of Flt-1 pre-mRNA transcripts.   

Specific Aim 1:  To determine the role of Flt-1 intron 13 splicing determinants 

in exon splice selection and sFlt-1 cleavage-polyadenylation site 

usage. 

Specific Aim 2:  To assess the relationship between the sFlt-1: Flt-1 mRNA 

ratio and the abundance of selected RNA processing factors.   

Specific Aim 3:  To map domains of pFIN13 and U2AF65 involved in 

enhanced expression of the novel Flt-1 “exon 13a” splice variant, 

predicted to encode a novel sFlt-1 protein isoform.   
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Figure 2.1 A and B.  VEGF receptor structure (A) and signal transduction 
pathway (B).  A.  Structures of KDR and Flt-1, the membrane-bound 
VEGF receptors, are structurally similar containing 7 Ig-like extracellular 
domains, a transmembrane domain, and a split tyrosine kinase 
intracellular domain.  sFlt-1 contains only the N-terminal 6 Ig-like domains 
of Flt-1 and a unique C-terminus.  B.  KDR, when bound to VEGF, elicits a 
cellular response which promotes proliferation, migration, permeability and 
survival.  The signal transduction pathway for VEGF/ Flt-1 has not been 
determined, but is suspected to contain overlapping pathways to those of 
VEGF/ KDR. 
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Figure 2.2.  Comparative Flt-1 and sFlt-1 structure.  
The gene encoding Flt-1 is alternatively processed to 
form mRNA which codes for sFlt-1 protein.  
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Figure 2.3 A-E.  Cleavage/polyadenylation mechanism.  The 
general mechanism is explained in the text.  
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5’ Splice Branch Point Polypyrimidine 3’ Splice 5’ Splice
Site Site Tract Site Site

Canonical:..YRGGURRGU...YNRAY.... (9-30bp) ..YAG....YRGGURRGU..
|||||||    |||||                    |||     ||||||||

Observed:...GAGGUGAGC...CUGAU..CCCCCUCUCUUUCCUCGCUAG....CGGGUAAGA..

E13 E14…E12 E15…

Figure 2.4A.  Cis splicing elements.  The 5’ and 3’ splice sites 
are consensus for U2-dependent introns.  The branch point of 
intron 13 fits that defined as the consensus sequence.  The 
polypyrimidine tract is of moderate length, but lacks a strong 
binding site for U2AF65.  
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Figure 2.4 B-E.  Review of the general splicing mechanism.  
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Figure 2.5.  General examples of alternative processing.  Boxes 
denote exons; solid lines denote introns; dashed lines denote 
splicing events; straight arrows denote locations for 
cleavage/polyadenylation, bent arrows denote transcription start 
sites.   
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Chapter 3 .  Role of Flt-1 intron 13 splicing determinants in exon splice 
selection and sFlt-1 cleavage-polyadenylation site usage (Aim 1). 

 

Introduction 
Previous studies in our laboratory using mini-gene (pFIN13) transfectants 

revealed that processing within intron 13 can affect Flt-1 splicing activity, since 

deletions or point mutations of cleavage/polyadenylation signals that produced 

significant decreases in sFlt-1 mRNA were associated with increased exon 13/ exon 

14 splicing (Huckle and Roche 2004).  Similarly, inactivating mutations of the PPy 

tract in intron 13 produced both marked decreases in Flt-1 mRNA expression and 

small but detectable increases in sFlt-1 expression (Roche MS thesis, 2002).  

Together, these results suggest a form of reciprocity between Flt-1 and sFlt-1 

expression.  Since both mRNAs are thought to be derived from the same primary 

gene transcript, it could be considered that one is formed at the expense of the other, 

and that components of the cellular RNA processing machinery may compete for 

access to sites that signal cleavage/polyadenylation or splicing.   

As discussed earlier, alternate processing of mRNA transcripts is very 

common and has numerous regulatory elements.  One potential regulator of 

alternative processing of the Flt-1 gene in pFIN13 may be the size of the upstream 

exonic element.  In pFIN13, exons 1-13 are “pre-processed” and therefore are larger 

than a typical exon.  We hypothesize that the upstream exonic element (E 1-13) of 

pFIN13 Flt-1 is responsible for a lower-than-expected exon 13/ exon 14 splice 

efficiency and also may influence the use of downstream cleavage/polyadenylation 

site(s) for sFlt-1 mRNA.  The goal of present work was to assess the influence of 

factors that determine exon 13/ exon 14 splicing efficiency on sFlt-1 expression.  

Modifications of pFIN13 were made to alter three key splice-site recognition features: 

effective size of the upstream exon, the presence of an upstream intron, and the 

integrity of 5’ and 3’ intronic splice signals.   

 

Materials and Methods 
Expression constructs.  Preparation of the Flt-1 minigene expression vector 

pFIN13 (Figure 3.1) has been described previously (Huckle and Roche, 2004).  

pFIN13−Delta, representing pFIN13 from which exons 1-10 and part of exon 11 have 
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been deleted, was prepared by digestion of pFIN13 with 20 units BamHI, purification 

of the 13,575 bp vector fragment on a 0.7% agarose gel, recircularization, and 

transformation into DH5α (Cyphers and Huckle unpublished).  The genomic Flt-1 

minigene construct, pGIN13, was prepared (Huckle, unpublished) by combining 

fragments of genomic subclones pL38-E3.3 and pL38-H2.1 (Huckle and Roche, 

2004) with AleI-linearized pcDNA-Int A.  pGIN13 thus contains 3210 bp from the 3’ 

end of Flt-1 intron 12; exon 13, intron 13 and exon 14 in their entirety; and 547 bp 

from the 5’ end of intron 14 (Figure 3.1). 

To prepare a form of pFIN13 that lacked an upstream intron (“pFIN13-no A”), 

1 μg each of pcDNA3 and pFIN13 purified DNA was digested with restriction 

endonucleases DraIII and KpnI (20 and 10 units New England Biolabs (NEB), 

respectively with 1x bovine serum albumin (BSA) and 1x NEBuffer #1) in a reaction 

volume of 20 μl at 37oC for 1 hour (Figure 3.1).  Digests were fractionated on a 0.7% 

agarose gel (0.7% agarose [w/v] in 1x Tris-Borate-EDTA [TBE]) stained with 

ethidium bromide (EtBr; 1.5 μg/ml in ddH2O), and viewed by an ultra-violet 

transilluminating light box.  Molecular size markers (λ-HindIII plus φX 174-HaeIII, 

NEB) were also included on the gel for size comparison purposes.  Bands of the 

appropriate size from the pcDNA3 and pFIN13 lanes were excised from the gel and 

purified by adsorption to silica beads (QIAEX II Gel Extraction Kit), and eluted with 

20 μl of ddH2O.  Purified fragments (approximately 100 ng DNA/20 μl ligation 

reaction) were ligated with 1 unit of T4 DNA Ligase (Life Technologies™) overnight 

at room temperature.  Null ligation mixtures containing vector or insert only were also 

set up.  DH5α cells were transformed (Appendix A.1).  Clones were screened for the 

absence of CMV intron A (primers T7/BH261) by four-stage PCR (Appendix E, 

Program 1).  Reaction products were fractionated on 1.2% agarose gel and stained 

as previously described above.  The LBAmp culture that gave rise to products of 

anticipated size for absence of the CMV intron A (465 bp) was streaked onto LB-amp 

plate and incubated overnight at 37oC.  This clone was then expanded and purified 

(Appendix A.3).  Restriction maps of pFIN13 and pFIN-NoA were compared to check 

for accuracy of the new construct.  Additionally, sequence of pFIN-no A was 

confirmed using primer T7. 
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The 5’ intronic dinucleotide splice signal was mutated in pFIN13 using 

mutagenic primers BH404 and BH406 (Cyphers and Huckle, unpublished) and a 

faux chimera strategy (Roche MS thesis, 2002), yielding pFIN13-5’SS mut.  

Additional BamHI deletion mutants (-Delta) were prepared as described above 

(Figure 3.2).  One hundred-ml LBAmp cultures were generated and the plasmids 

purified (Appendix A.3).  Purified plasmids were then restriction mapped using HpaI 

(5 units [NEB] in a reaction volume of 20 μl, NEBuffer 4; incubated at 37oC for 1 

hour; fractionated on a 1% Agarose gel).  Constructs containing mutations created 

with PCR were sequenced with BH238, BH239, or BH248 to confirm identity. 

Plasmids pFIN13, pFIN13-Delta, and pGIN13 were transfected into HEK293 

cells and harvested as described in Appendix A.4 in three separate replicate 

experiments.  In an additional three separate replicates, pFIN13-no A was co-

transfected with pcDNA-Int A, the empty backbone vector, into HEK293 cells 

(Appendix A.4.b).  For all samples, cDNA was generated from RNA isolated from cell 

lysates from each experimental set as described (Appendix A.6).  QPCR was 

performed to examine the following targets:  Flt-1 (BH228/ BH229/ BHTP-3), sFlt-1 

(BH211/ BH212/ BHTP-1), Long sFlt-1 (BH312/ BH313/ BHTP-7), 5’UTR (BH298/ 

BH299/ BHTP-6), and NeoR (BH296/ BH297/ BHTP-5) (Figure 3.3).  Data was 

analyzed according to the ΔΔCt method (Huckle and Roche, 2002; Livak and 

Schmittgen, 2001).  A randomized complete block design was used in this 

experiment.  Blocks were established across time and each mutation is a treatment.  

A mixed effect analysis of variance (ANOVA) was used for data analysis on ΔΔCt 

values.  Block was treated as a random effect.  Treatment was a fixed effect. 

Plasmids pcDNA-Int A, pFIN13, and selected pFIN13 mutations were 

transfected into HEK293 cells and harvested as described in three separate replicate 

experiments (Appendix A.4).  The pcDNA-Int A vector was included to determine if 

there was any effect of transfection on expression and serves as a negative control 

for protein expression.  Separately, the 5’SS mutant was also transfected into 

HEK293 cells in three separate replicate experiments.  From all samples, cDNA was 

generated from RNA isolated from cell lysates from each experimental set as 

described (Appendix A.6).  QPCR was performed to examine the same targets as 

noted above.  Data was analyzed according to the ΔΔCt method (Huckle and Roche, 
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2002).  Statistical analysis was completed using an ANOVA where the model 

included block and treatment as described above.   

Plasmids pcDNA-Int A, pFIN13, pFIN13-Delta, and selected pFIN13-Delta 

mutations were transfected into HEK293 cells and harvested as described previously 

for three separate replicate experiments (Appendix A.4).  Methods for handling have 

been described previously and are the same as those done in the above experiment 

with the pFIN13 mutants.  As described earlier, data was analyzed according to the 

ΔΔCt method (Huckle and Roche, 2002; Livak and Schmittgen, 2001), and statistical 

analysis was completed using an ANOVA where the model included block and 

treatment.   

 Selected RNAs from the above experiments were also used in Northern blot 

analysis (Appendix A.8).  Due to a limitation on the quantity of RNA, only 

representative samples were used.  Results here are, therefore, not quantitative and 

no statistical analysis was performed.  One experiment was completed here. 

Results 

Upstream exon size.  Modifications of our mini-gene (pFIN13) were made to 

alter three critical parameters involved in splice site recognition: effective upstream 

exon size, the presence of an upstream intron, and intronic splice signals.  pFIN13 

contains the CMV promoter/ intron A, exons 1-13 from Flt-1 cDNA, intron 13, exons 

14-30, and the BGH cleavage/polyadenylation cassette (Huckle and Roche, 2004) 

(Figure 3.1).  We removed exons 1-10 and part of exon 11 from pFIN13 to produce 

pFIN13-Delta.  pGIN13, containing an 8914 bp genomic Flt-1 fragment, joins the 3’ 

portion of intron 12 to the 5’ segment of CMV intron A, followed by Flt-1 exon 13, 

intron 13, exon 14, and the 5’ section of intron 14 fused to the 3’ end of CMV intron 

A.  Expression plasmids were transfected into HEK293 cells, and the abundance of 

relevant processing products at 48 hrs was estimated by Northern blotting or real-

time quantitative RT-PCR (QPCR).   

For the Northern blots, two probes were designed to detect all processing 

products produced by any of our three constructs.  Based on construct structure, one 

was created to identify all species of sFlt-1 mRNA which terminated within intron 13 

(BH314/315, Appendix B).  The maximum allowable length of this probe was 115 
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nucleotides as dictated by the cleavage/polyadenylation signal identified by He et al. 

(1999).  A second probe was created to contain the entirety of exon 14 (146 

nucleotides, BH475/BH476, Appendix B).  This was restricted to exon 14 because of 

the structure of the pGIN13 construct.  In the absence of restriction endonuclease 

sites that would generate the precise probe sequences needed, gene specific 

primers were used to amplify probe cDNAs that subsequently were labeled by primer 

extension.  However, probably owing to the short lengths or inadequate specific 

activity of these probes, results obtained via the Northern blotting were not instructive 

(Figure 3.4).  Thus, the more sensitive QPCR was the primary means of analysis 

used. 

Results from QPCR experiments indicated that, as the size of the upstream 

exon decreased from the 2135 bp in pFIN13 to 525 bp in pFIN13-Delta, or to the 

native 309 bp in pGIN13, the expression of the 5’UTR/exon 14 splice decreased ~9-

fold or ~100-fold, respectively, normalized to the NeoR internal control (Figure 3.5A).  

This change was accompanied by a 3 to 5-fold increase in expression of Flt-1 and no 

statistically significant change in total sFlt-1.  The 5’UTR: Flt-1 ratio in these 

experiments decreased by 4-fold or 98-fold, respectively (Figure 3.5B).  Compared to 

pFIN13, the sFlt-1: Flt-1 mRNA ratio in pGIN13 transfectants was significantly 

decreased ~100% (p=0.0014) (Figure 3.5C), while the Long sFlt-1: Total sFlt-1 ratio 

was not statistically different for either pGIN13 or pFIN13-Delta (Figure 3.5D).   

 

Presence of upstream intron.  In addition to adjusting the size of the 

effective upstream exonic element, we also removed the CMV intron A from pFIN13, 

yielding pFIN13-no A.  This was done by removing the Flt-1 expression cassette and 

the BGH polyadenylation site from pFIN13 and ligating it into a similarly digested 

pcDNA3 vector backbone.  This vector contained the CMV promoter without intron A.  

Once created and checked for accuracy of content by restriction digest mapping 

(with SpeI and HpaI) and sequencing (T7), this construct was transfected into 

HEK293 cells.  To initially characterize the construct, sFlt-1 protein expression was 

examined and compared to that of pFIN13 at 48 hours post transfection (Figure 

3.6A).  sFlt-1 protein was detectable only in pFIN13 and not in pFIN13 no A.  QPCR 

was also done on this initial set of transfectants which included pcDNA-Int A, pFIN13 



 31

and pFIN13-no A.  Results from this transfection set showed overall decrease of Flt-

1 and sFlt-1, normalized to NeoR, in pFIN13-no A relative to pFIN13 (data not 

shown).  No detectable 5’UTR mRNA was seen here.  However, in a separate set of 

transfections, plasmids were co-transfected with pcDNA-Int A and results were 

slightly different.  Again, expression of Flt-1 and sFlt-1 related mRNA transcripts 

were compared to those of pFIN13 using QPCR (Figure 3.6B).  Theoretically, 

removal of this intron would have a negative impact on expression (Xu, 2001).  It 

would also require that the RNA processing machinery recognize the exon 1-13 

transcript as an initial exon rather than an upstream exon to be spliced.  In any 

event, the results of these experiments showed no measurable effect on sFlt-1: Flt-1 

ratio, although expression of both targets was reduced by ~10-fold (Figure 3.6B).  

Furthermore, the Long sFlt-1 target was equally suppressed.  Interestingly, where 

there was no detectable 5’UTR expression in the single transfectant results, the co-

transfected plasmids yielded a 10-fold reduction in 5’UTR splice, normalized to NeoR, 

relative to pFIN13 (Data not shown).  We hypothesize that this is due to trans-

splicing occurring between the pcDNA-Int A plasmid which contains the same 5’ 

CMV promoter and includes the intron A and the pFIN13-no A plasmid at exon 14.  

However, overall expression from pFIN-no A was decreased relative to pFIN13.   

 

Splice site or splice signal mutations.  As reported previously, mutations 

were created in pFIN13 to the PPy tract (Roche MS thesis, 2002).  In addition to 

these mutations, a 3 nucleotide change was generated in the 5’ intron dinucleotide 

signal (Cyphers and Huckle, unpublished), using the same 2-round PCR 

mutagenesis protocol.  New QPCR targets were examined using cDNA templates 

generated from HEK293 transfectants of these constructs (5’UTR and Long sFlt-1).  

sFlt-1 and Flt-1 target QPCR data is included here for reference but has been 

previously reported (Roche MS thesis, 2002).  This same set of mutations was also 

created in pFIN13-Delta.  In each case, the upstream exonic fragment between two 

BamHI cleavage sites was removed from the parental pFIN13 construct already 

containing the mutation to the PPy tract or 5’ splice site dinucleotide (Figures 3.1 and 

3.2).   
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Mutations of the PPy tract that reduced Flt-1 expression (exon 13/ exon 14 

splicing) also reduced expression of the 5’UTR/ exon 14 splice product (Figure 3.7A).  

Likewise, PPy tract mutations that mildly increased levels of the exon 13/ exon 14 

splice product also were associated with increases in the 5’UTR/ exon 14 splice 

product (5U and C/U Alt).  This pattern was expected, given that both splice events 

should be sensitive to the integrity of the PPy tract at the 3’ end of intron 13.  

Interestingly, mutations which significantly reduced 5’UTR and Flt-1 expression did 

so to varying degrees reducing 5’UTR more than Flt-1 (U to G and G/A) (Figure 

3.7B).  Mutations increasing 5’UTR and Flt-1 showed no change in the 5’UTR: Flt-1 

ratio, indicating similar changes in both targets (5U and C/U Alt) (Figure 3.7B).  

Mutation of the 5’ intronic dinucleotide splice signal (GU to CA) in pFIN13 produced a 

profound (>100-fold) decrease in Flt-1 mRNA without a marked effect on the 5’UTR/ 

exon 14 splice product (Figure 3.7A).  This is quite visible in the 5’UTR: Flt-1 ratio 

where there is a 5000-fold increase (Figure 3.7B).   

The pattern of expression for Total sFlt-1 and Long sFlt-1 was quite different 

from that of Flt-1 and 5’UTR.  The mutation with the greatest change in the Long 

sFlt-1: Total sFlt-1 ratio was C to U, with an increase of ~80% (Figure 3.7C).  In this 

case, the Long sFlt-1 mRNA carried the ratio up while Total sFlt-1 mRNA made no 

significant change.  In most cases, the change in the Long sFlt-1: Total sFlt-1 ratio 

was minute.  When this same set of mutations was generated in pFIN13-delta, the 

pattern of effects on Flt-1 and sFlt-1 expression in HEK293 transfectants was similar 

(Figure 3.8A).  Again, with the 5’SS mutant and the PPy tract changes U to G or A+G 

substitutions, we saw decreases in Flt-1 and 5’UTR splice forms reminiscent of those 

in the pFIN13 mutation set (Figure 3.7A).   

Slight differences between pFIN13- and pFIN13-Delta-based vectors were 

noted in the sFlt-1 and Long sFlt-1 targets.  The small increases seen in the pFIN13 

mutants for those targets were largely absent in the pFIN13-Delta set of mutants.  

We saw the biggest change in the C/U Alt Delta mutant in the Long sFlt-1: Total sFlt-

1 ratio, which is actually the most similar to the pFIN13 mutant form (Figure 3.8D).  

Again, it appears that the pFIN13-Delta constructs have muted sFlt-1 expression 

relative to pFIN13-Delta.  Western blots were not done with these constructs 
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because none of the pFIN13-Delta plasmids, when expressed, should produce 

immunoreactive protein due to the missing exons.   

 

Discussion 
An alternate splice product, 5’UTR/ exon 14, was discovered in previous 

studies using the pFIN13 minigene (Roche MS thesis, 2002).  This product, which 

appeared to be the dominant splice variant on Northern blots probed with a cDNA 

derived from exon 26-30, is formed when the 5’ UTR is spliced directly to exon 14, 

i.e., when the contiguous intron A-exons 1-13-intron A RNA segment is treated as a 

single intron (Figure 3.3).  The expression pattern of the 5’UTR/ exon 14 splice 

product mimics that of Flt-1 mRNA, and this target was used as an alternate indicator 

for the less abundant Flt-1 splice in previous work (Roche MS thesis, 2002).  The 

question remains, is the 5’UTR splice impeding the Flt-1 splice?  Would Flt-1 

expression be higher if there were no 5’UTR splice?   

The observation of the 5’UTR splice presented the opportunity to study “exon 

definition” as a determinant of Flt-1 expression.  Exon definition refers to the idea of 

splicing proteins recognizing the 3’ end of an upstream intron/exon boundary and the 

following downstream exon/5’ intron boundary, thus defining the intervening bridged 

sequence as an exon (Robberson et al., 1990).  Formerly, the prevailing view was 

that an intron was located by specific cis element identification as processing factors 

scanned pre-mRNA sequences.  Introns were removed because they did not contain 

useful information.  What remained in the RNA were the exons.  However, now it is 

thought that elements within exons, such as exonic splicing enhancers (ESEs) or 

suppressors, as well as within introns help to define them as such (Ibrahim et al., 

2005).  The exon definition model holds that processing proteins communicate by 

spanning exons while bound to flanking introns.  Average exon size of 100-300 base 

pairs supports this theory as the possible maximum size RNA processing factors can 

span (Clark and Thanaraj, 2002; Zheng, 2004).  Additional evidence lies with ESEs.  

These are cis elements that act as binding sites for SR proteins (SF2/ASF, SC35, 

SRp55, SRp40).  When these bind, it is thought that they enhance splicing by 

several means including creating a secondary structure that would include or exclude 

an exon, inhibiting use of a cleavage/ polyadenylation signal, or creating a scaffold 



 34

for other RNA processing factors (Forch et al., 2003; Ibrahim et al., 2005; Robberson 

et al., 1990). 

To address the potential role of exon definition in Flt-1 expression, two 

additional expression constructs were developed, pFIN13-Delta and pGIN13.  These 

constructs, with alterations in the upstream exon, were made to examine the effect of 

upstream exon size on relevant sFlt-1 and Flt-1 mRNAs.  We postulated that 

reducing the size of the upstream exon would decrease relative expression of the 

5’UTR/ exon 14 mRNA and increase expression of Flt-1 mRNA (exon 13/ exon 14 

splice), by allowing the splicing machinery to appropriately recognize the 3’ boundary 

of exon 13.  The findings that the 5’UTR/ exon 14 spliced mRNA was decreased, and 

the exon 13/ exon 14 spliced mRNA was increased as upstream exon size was 

reduced, are consistent with the prediction that exon definition is a significant factor 

in successful processing of pre-mRNA to a form that would encode transmembrane 

Flt-1.  The decreases in sFlt-1 expression and in the sFlt-1: Flt-1 ratio that 

accompany decreasing upstream exon size indicate further that exon size 

secondarily may affect production of the inhibitory sFlt-1 protein.  In summary, 

formation of the exon 13/14 junction and, indirectly, survival of the exon 13/ intron 13 

junction, in mini-gene transfectants appears to be strongly influenced by the length of 

the upstream exonic element. 

In view of the apparent strong influence of upstream exon recognition on Flt-1 

processing products, we examined whether the removal of the CMV Intron A would 

affect the balance between exon 13/ exon 14 splicing and intronic cleavage/poly-

adenylation.  Instead, we observed suppression of expression of each processed 

product by ~90% in cells transfected with the pFIN-no A construct relative to pFIN13 

(Figure 3.6B).  None of the processing products appeared to be disproportionately 

affected.  This finding is consistent with those of Xu et al. (2001) and Goldman et al. 

(1998) who reported that the presence of an upstream intron can markedly increase 

gene expression, as indicated by steady state mRNA levels.  The presence of the 

upstream intron could potentially impact expression by allowing an opportunity for 

exon bridging.  In summary, the absence of an effect of the upstream intron on the 

sFlt-1: Flt-1 ratio is consistent with reduced opportunity for exon bridging in 

transcripts derived from pFIN13. 
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A third critical parameter involved in splice site recognition involves intronic 

splice signals.  The 5’ and 3’ splice recognition signals, in concert with the branch 

point and exonic or intronic enhancers/ suppressors, are believed to be the principal 

determinants of where splicing occurs (Lear et al., 1990; Penotti, 1991; Reed and 

Palandjian, 1997).  In addition to those splicing signals, the PPy tract is a major 

contributing factor to splicing efficiency (Figure 3.2).  The PPy tract is essential for 

the efficient recognition of the 3’ splice site and branch point utilization (Roscigno et 

al., 1993).  Several RNA processing factors, including U2AF65, PTB and hnRNP C, 

are thought to bind the PPy tract directly (Conte et al., 2000; Roscigno et al., 1993; 

Sinhg et al., 1995; Wagner and Garcia-Blanco, 2001; Will and Luhrmann, 1997) and 

influence the interaction of serine-arginine rich (SR) proteins with the pre-mRNA (Will 

and Luhrmann, 1997).  Because the content and length of the PPy is variable, 

mutations were designed to potentially increase or decrease splicing efficiency.  Flt-1 

and sFlt-1 results from PPy tract mutations of pFIN13 were discussed previously 

(Roche MS thesis, 2002).  Here, two additional targets, 5’UTR and Long sFlt-1, were 

examined.  Identification of these new targets has allowed us to examine the 

hypothesis that processing factors compete for interaction with Flt-1 transcripts near 

the 3’ end of intron 13, where the recognition sequences for a major cleavage/poly-

adenylation site and the PPy tract are in close proximity. 

Overall, two targets represent splicing products (Flt-1 and 5’UTR) and two 

cleavage/polyadenylation products (sFlt-1 and long sFlt-1).  As expected, the two 

splice products were similarly affected by PPy tract mutations.  Mutations which 

decreased both Flt-1 and 5’UTR targets tended to have a greater impact on the 

5’UTR splice, while those increasing the two targets impacted them both equally 

(Figure 3.7B).  The differences noted here may be due to the apparent preference of 

the splicing machinery for the 5’UTR splice form.  If the splicing machinery tends to 

be used for processing the 5’UTR splice, there may be less available to process the 

Flt-1 splice.  Expression of the two cleavage-polyadenylation products, although not 

greatly changed with the PPy tract mutations, did not appear to always be changed 

in the same manner.  For example, the C to U mutant increased the Long sFlt-1: 

Total sFlt-1 ratio while the C/U Alt mutant decreased this same ratio (Figure 3.7C).  

One explanation for this could be due to RNA processing factor interaction with the 
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PPy tract impeding the use of the downstream cleavage site utilized for Long sFlt-1 

expression.  The distance between these two sites is approximately 550 bp.  

Additionally, results from pFIN13-Delta reinforced conclusions drawn about splicing 

product expression.  However, the muted increases in expression of sFlt-1 and Long 

sFlt-1products disclaimed the conclusion that changes in Flt-1 and sFlt-1 expression 

are reciprocal.  It does tend to argue that the PPy tract of intron 13 is stronger than 

originally anticipated, encouraging us to dig deeper into the regulatory controls of Flt-

1 mRNA processing.  However, intronic splice signals were critical to Flt-1 mRNA 

expression while having at best a small reciprocal impact on sFlt-1.  In summary, 

changing the potential for RNA processing factors to bind to the Flt-1 intron 13 PPy 

tract (by mutation of cis sequences) did not have a strong or consistent effect on 

intron 13 cleavage/polyadenylation site selection.  This finding does not support the 

notion that that processing factor complexes responsible for splicing and 

cleavage/polyadenylation compete sterically for binding to Flt-1 transcripts.  Taken 

together, however, the results described in this chapter support the idea that 

determinants of exon 13/ 14 splicing efficiency can influence sFlt-1 mRNA 

expression and potential responsiveness to VEGF, by governing the balance 

between sFlt-1 and Flt-1. 
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Figure 3.1.  Vector Structure.  All constructs presented here contain: 
cytomegalovirus promoter (PCMV and P’CMV), 5’ untranslated region (5’) 
immediately downstream of the transcription start ( ), bovine growth hormone 
(BGH) polyadenylation signal, neomycin resistance gene (Neo) with its 
separate SV40 promoter and polyadenylation site (S).  MCS, multiple cloning 
site.  Exons are noted here as boxes, and introns as lines and are identified 
with sizes.  Filled triangles denote cleavage/polyadenylation signals.  Dashed 
lines represent possible splicing events.  Relevant restriction sites are also 
noted. ( ) denotes polyadenylation signal.  IA, CMV intron A; I12, Flt-1 intron 
12; I14, Flt-1 intron 14. 
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Splice Determinant Mutants

5’ Splice Branch Point Polypyrimidine 3’ Splice 5’ Splice
Site Site Tract Site Site

Canonical:..YRGGURRGU...YNRAY........ (9-30bp) ..YAG....YRGGURRGU..
|||||||    |||||                        |||     ||||||||

Observed:...GAGGUGAGC...CUGAU......CCCCCUCUCUUUCCUCGCUAG....CGGGUAAGA..

E13E13

CCACACCCCCGCGCGGGCCGCGCUAGAUU U to G

CCACACGCACGCACGUACGUCGCUAGAUU G/A Mut

CCACACCCCCCCCCCCCCCCCGCUAGAUU All C

CCACAUUUUUCUCUCCCUUCUGCUAGAUU C to U

CCACACCCCCUCUUUUUCCUCGCUAGAUU 5U

CCACACUCUCUCUCUCUCUCUGCUAGAUU C/U Alt

Polypyrimidine Tract Mutants
(*Mutated bases shown in red.)

5’ SS Mutant  GAGCAGAAC

……E12E12 E15E15……E14E14

Figure 3.2.  Splice site determinant mutants.  Cis elements are identified for 
the consensus as well as what is observed in Flt-1 intron 13.  Mutations of 
these elements are noted with exact base changes in red.  The PPy 
mutations were generated in pFIN13 and pFIN13-Delta.   
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Ex 14Ex 14--3030 AAAA

AAAA

Flt-1 mRNA

sFlt-1 mRNA 5’

5’

Ex 14Ex 14--30305’5’UTR/Ex14 mRNA

B

AAAAB

Ex 1-13

Ex 1-13

AAAALong sFlt-1 mRNA 5’ Ex 1-13

NeoR mRNA NeoR5’ AAAAS

Figure 3.3.  Target mRNA identification.  Exons are denoted as boxes and 
labeled with content.  Intron 13 is noted as a line.  Triangles represent 
cleavage/polyadenylation signals used to generate each mRNA.  Colored 
arrows and bars represent binding sites for QPCR reagents specific for each 
target.   
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Figure 3.5 C and D.  Effect of changing upstream exonic element 
size.  QPCR results from three independent replicate experiments 
where HEK293 cells were transfected with pFIN13, pFIN13-Delta or 
pGIN13.  C.  sFlt-1: Flt-1 ratio (normalized to NeoR).  Significant 
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Figure 3.6 A and B.  Effect of removal of upstream intron.  A. Western 
blot of conditioned medium from two separate single transfection 
experiments with HEK293 cells for sFlt-1 protein using N-terminal Flt-1 
antibody.  Transfected plasmids were pcDNA-Int A, pFIN13 or pFIN13-
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Long sFlt-1: Total sFlt-1 ratio (normalized to NeoR).  5’SS is from one 
experiment.  (p<0.05) 

B. 

C. 

*



 46

Figure 3.8 A and B.  Effect of PPy or 5’SS mutation with decreased 
upstream exonic element size on relevant Flt-1 processing products.  
QPCR results from three independent replicate single transfection 
experiments.  A.  All target mRNAs normalized to NeoR.  (p<0.05)  B.  
5’UTR: Flt-1 ratio (normalized to NeoR).  Statistical analysis not done. 
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 Figure 3.8 C and D.  Effect of PPy or 5’SS mutation with decreased 
upstream exonic element size on relevant Flt-1 processing products.  
QPCR results from three independent replicate single transfection 
experiments.  C.  sFlt-1: Flt-1 ratio (normalized to NeoR).  (p<0.05)  D.  
Long sFlt-1: Total sFlt-1 ratio (normalized to NeoR).  (p<0.05) 
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Chapter 4 .  The relationship between the sFlt-1:Flt-1 mRNA ratio and the 
abundance of selected RNA processing factors (Aim 2). 

 

Introduction 

 Results presented in Chapter 3, together with previous results from our 

laboratory (Huckle and Roche, 2004), have indicated that (1) altering the cis 

sequences likely involved in recognition of exon 13/exon 14 splicing sites in Flt-1 

minigene transcripts can have reciprocal effects on cleavage/polyadenylation 

occurring at sites within intron 13, and (2) inactivation of intronic cleavage/poly-

adenylation signals can indirectly modulate exon 13/ exon 14 events.  These findings 

suggest that competition among RNA processing pathways exists at some level for 

Flt-1 transcripts.  The studies described in this chapter aim to determine whether 

differences in the abundance of intracellular proteins principally involved in splicing 

or cleavage/polyadenylation can be correlated to relative steady-state levels of sFlt-1 

and Flt-1 mRNAs. 

 This objective was pursued in two parts.  First, we assayed mRNA of sFlt-1 

and Flt-1 in cell lines that express this gene in native fashion.  We then correlated 

these levels with relative protein levels of selected splicing and cleavage-

polyadenylation factors.  The processing proteins we selected to examine were 

chosen because they have been reported to directly interact with pre-mRNA (Deka et 

al., 2005; Liu et al., 2001; Murthy and Manley, 1995; Rudner et al., 1998; Singh et 

al., 1995).  In previous work, we have established QPCR reagents and protocols that 

reliably detect Flt-1 or sFlt-1 mRNA as well as the neomycin resistance gene (NeoR) 

which serves to normalize our results.  Several of the mini-gene vectors that we used 

came from previous work in this laboratory using HEK293 cells.  Cell lines were 

chosen for ease of handling, knowledge about the cell types, and research presented 

in the literature.  Flt-1/sFlt-1 research has been done in several cell types including 

ones that are native expressers of Flt-1 (HUVEC [Gerber et al., 1997; Sawano et al., 

2001], monocytes [Akuzawa et al., 2000; Barleon et al., 1996; Clauss et al., 1996], 

and mouse hemangioma cells [Quinn et al., 2000]), as well as model expression 

hosts (HT-1080, human fibrosarcoma cells [Goldman et al., 1998], and NIH3T3 

fibroblasts [Quinn et al., 2000; Sawano et al., 2001]).  Research on RNA processing 



 

 49

has been done primarily in HeLa cells and HeLa cell extracts (Bienroth et al., 1991; 

Garcia-Blanco et al., 1989; Gil et al., 1991; Gilmartin and Nevins, 1991; Jenny et al., 

1994; Keller et al., 1991; Roscigno et al., 1993; Takagaki et al., 1990).  However, 

there also have been studies done in human splenic B cells, SKW 64 B cells and 

mouse fibroblasts (Martincic et al., 1998).  IgM research has included a wide variety 

of cell types, including: HeLa, NIH3T3, HEK293 (Edwalds-Gilbert and Milcarek, 

1995; Peterson, 1994; Phillips et al., 2001; Yan et al, 1995), B cell lines A20 and 

M12 (Bruce et al., 2003; Edwalds-Gilbert and Milcarek, 1995; Peterson et al., 1991; 

Peterson, 1992; Peterson, 1994; Yan et al., 1995), immature B cells 70Z/3 and 3-1-

Abelson MLV (Bruce et al., 2003; Peterson, 1992; Peterson and Perry, 1986; 

Peterson and Perry, 1989), and late B / plasma cells S194 and J558L (Abuodeh et 

al., 1998; Edwalds-Gilbert and Milcarek, 1995; Peterson and Perry, 1989; Peterson, 

1992; Peterson et al., 1994; Phillips and Virtanen, 1997; Phillips et al., 2001).   

Based on evidence presented in the literature and previous studies in our 

laboratory, we elected to use HEK293 cells as our primary cell type.  Although not 

endothelial in origin, these cells do express Flt-1 mRNA levels that are readily 

measurable (Shibuya et al., 1990; Simon et al., 1995).  Secondarily, we selected 

THP-1 cells, a monocytic cell line with the capability of being differentiated along the 

macrophage lineage with phorbol 12-myristate 13-acetate, (PMA) (Akuzawa et al., 

1999).  These were selected as a representative of a cell type in which we could 

potentially mimic situations found in B cell lines, since THP-1 cells have inducible Flt-

1 expression when differentiated in response to PMA (Akuzawa et al., 2000).  HUVE 

cells, an endothelial cell type that express Flt-1, were not selected because of 

difficulties surrounding transfection and handling (Ear et al., 2001; Krotz et al., 2003). 

 In the second part of this objective, we overexpressed RNA processing 

factors in HEK293 cells to determine what impact they would have on mRNA 

processing with our Flt-1 expression system.  The factors chosen (U2AF65, SF1, 

PTB, CstF64, and CPSF160; Figure 4.1) each have been shown to interact directly 

with pre-mRNA transcripts (Amir-Ahmady et al., 2005; Deka et al., 2005; Liu et al., 

2001; Murthy and Manley, 1995; Zamore and Green, 1989) and thus represent a 

rational starting point to evaluate the potential for steric interference between 

cleavage/polyadenylation and splicing factors along Flt-1 intron 13.  Moreover, these 
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proteins could, in principle, be used for cell-free RNA-protein binding assays in the 

future.  It is suspected that the abundance of RNA processing factors has an impact 

on RNA processing (Amir-Ahmady et al., 2005).  There is evidence in the literature 

that suggests that there is a role for trans-acting factors in the regulation of IgM.  

Evidence points to the altered expression of CstF64, a general cleavage/poly-

adenylation factor, which leads to a switch from the membrane-bound (μm) to the 

secreted (μs) IgM form (Edwalds-Gilbert and Milkarek, 1995; Takagaki et al., 1996; 

Takagaki and Manley, 1998).  Based on broad parallels between IgM and Flt-1 

expression, we postulated that this kind of regulation may also occur in the Flt-1 

system. 

Our first hypothesis in this section states that there is a correlation between 

sFlt-1: Flt-1 ratios and profiles of selected RNA processing factors (U2AF65, SF1, 

PTB, CstF64, and CPSF160) in cells that express endogenous Flt-1.  We then sought 

to determine if altering the relative abundance of processing factors will have an 

impact on sFlt-1: Flt-1 ratios in these transfected cells. 

 

Materials and Methods 

Basal RNA processing factor levels and Flt-1 mRNA expression.  
HEK293 and THP-1 cells were maintained in culture as described in the Appendix 

(Appendix A.4 for HEK293 cells and Appendix A.5 for THP-1 cells).  For endogenous 

Flt-1 expression studies, HEK293 cells were plated in 60 mm dishes (Corning) in 

triplicate as described previously (Chapter 3; Huckle and Roche, 2004).  THP-1 cells 

(2x106/dish) were plated into 60 mm dishes and allowed to grow overnight.  After 24 

hours, the THP-1 cells were treated with either DMSO (0.2%) or PMA (10 nM) in 

DMSO for an additional 24 hours.  Cells to be harvested for RNA were grown in 

parallel with those to be harvested for protein (Appendix A.4 for HEK293 cells and 

Appendix A.5 for THP-1 cells).  RNA was isolated and cDNA generated from one set 

of cells to be used in QPCR analysis of human Flt-1, sFlt-1, and 18s rRNA (Appendix 

A.6).  From a matched set of cells, cells were harvested for protein analysis of 

U2AF65, PTB, and CstF64.  GAPDH was also analyzed to serve as a loading control 

housekeeping gene (Appendix A.7).   
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Antibodies for each of the five RNA processing factors were purchased or 

obtained from other laboratories (CPSF160: E-20 Santa Cruz #sc-17290; CstF64: C-20 

Santa Cruz #sc-16473; Zymed mouse anti-PTB #32-4800; rabbit polyclonal SF1 

(#68) from the Michael Rosbash laboratory at MIT and rabbit polyclonal anti-SF1 

from the Angela Kramer lab, Geneva, Switzerland; Zymed mouse anti-U2AF65 #32-

4700; U2AF65 (N-14) #sc-19958).   

pcDNAInt A-No Neo.  One μg of pcDNA-Int A was digested with restriction 

endonuclease PsiI (10 units, SEBuffer B) in a reaction volume of 20μl at 37oC for 1 

hour.  Digests were fractionated on a 0.7% agarose gel, and the band of the 

appropriate size (4929 bp) was excised from the gel and purified as previously 

described.  The purified fragment was ligated with 1 unit of T4 DNA ligase overnight 

at room temperature.  Chemically competent DH5α cells were transformed (3 μl 

reaction mixture) and handled as above (Appendix A.1).  TE lysates were screened 

with PCR using BH398/BH399 (Appendix A.1 and A.2).  A positive resulting pick was 

streaked on an LBAmp plate and incubated overnight at 37oC.  A 100 ml LBAmp culture 

was generated and the plasmid purified (Appendix A.3).  Purified plasmid was then 

mapped using restriction endonuclease SmaI (20 units in a reaction volume of 20 μl, 

NEBuffer 4; incubated at 25oC for 1 hour) to confirm structural content.   

RNA Processing Factor Constructs.  Five clones from the Mammalian 

Gene Collection (MGC) containing cDNA sequences of CstF64, CPSF160, PTB, SF1, 

and U2AF65 were purchased from ATCC (MGC-21255, IMAGE-4447470; MGC-

15424, IMAGE-4300196; MGC-8461, IMAGE-2821531; MGC-8657, IMAGE-

2961666; MGC-1210, IMAGE-3346087 (6706846), respectively).  One ml mini-

cultures with the appropriate antibiotic (either ampicillin or chloramphenicol) were 

started from the ATCC-purchased slants and incubated overnight at 37oC.  Initial 

screening was done for each clone using T7 and SP6 primers on TE lysates 

generated from 100μl of each 1-ml culture (Appendix A.1 and A.2).   

All clones gave the appropriate size band except for MGC-1210.  This clone 

was determined to be wrong via screening of several colony picks with gene specific 

primers (BH352/BH353) and subsequent restriction digest mapping (PvuII) and 

sequencing (SP6, T7, Forward and Reverse).  A new clone was supplied by ATCC 

(#6706846 pre-MGC) and was again screened in the same fashion as previously 
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described (Appendix A.2).  This was determined to be a mixture of products.  A final 

clone was shipped from ATCC (#6706846, hum3346087 601122125F1).  As 

described above, this clone was also screened (Appendix A.2).  A pick that gave 

positive PCR results with both T7/SP6 and BH352/BH353 primer sets was streaked 

on an LBChloro plate and incubated overnight at 37oC.  Ten colonies were picked from 

this plate and grown up in 1-ml LBChloro cultures overnight at 37oC with shaking at 250 

rpm.  TE lysates were generated from 100 μl of these cultures and screened with 

PCR (BH352/BH353) (Appendix A.1 and A.2).  A pick that gave a positive result at 

this stage was grown up in a 100-ml LBChloro culture overnight at 37oC with shaking at 

~200 rpm.  Plasmid DNA was purified from this bacterial culture using QIAGEN 

Plasmid Prep Kit (Cat #12125) (Appendix A.3).  The absorbency was determined 

and a restriction digest map (PvuII) was generated to check the structure prior to 

sequence confirmation (T7/SP6).   

The four remaining clones were streaked on an LB plate containing the 

appropriate antibiotic and incubated overnight at 37oC.  Two individual colonies were 

chosen for each clone and 1-ml LB cultures with the appropriate antibiotic were 

incubated overnight at 37oC with shaking at 250 rpm.  TE lysates were made from 

100 μl of these 1-ml cultures and screened with T7 and SP6 (Appendix A.1 and A.2).  

Clones that resulted in a positive PCR product of the predicted size were excised 

from the gel, purified and sent for sequence confirmation (SP6).  Once confirmed by 

sequencing, 100-ml LB cultures with the appropriate antibiotic were incubated 

overnight at 37oC with shaking at ~200 rpm.  Plasmid DNA was purified with 

QIAGEN Plasmid Prep Kit (Cat#12125) and the absorbency was checked to 

estimate concentration (Appendix A.3).  Restriction digest maps were completed for 

each clone (SF1-PstI, CPSF160-DrdI and BglII, CstF64-DrdI and BsaI, PTB-BsaI).   

At this point, coding sequence for each protein was subcloned to the pcDNA-

Int A backbone vector.  Each was digested with a specific pair of restriction 

endonucleases using the appropriate conditions and buffers, fractionated on 1% 

agarose gels, and the appropriate sized fragments purified and ligated with the 

digested vector.  As previously described, these were also transformed into DH5α 

cells and screened with PCR using gene specific primers (Appendix A.1 and A.2).  

Purified plasmid DNA from expanded bacterial cultures was sent for sequence 
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confirmation with AB57, SP6 and the respective gene specific primer.  Below are the 

specific steps for each clone.   

 CstF64:  One μg of purified plasmid DNA (CstF and pcDNA-Int A) was 

digested with KpnI and XbaI (10 and 20 units, respectively with 1x BSA and 1x 

NEBuffer 2) at 37oC for 1 hour.  Subsequently, Calf Intestinal Alkaline Phosphatase 

(CIP; 1 unit; NEBuffer 3) was added to the digest of pcDNA-Int A and incubated at 

37oC for an additional 30 minutes.  Digests were fractionated on a 1% agarose gel 

(1% agarose [w/v] in 1x TBE) stained with EtBr (1.5 μg/ml in ddH2O), and viewed by 

an ultra-violet transilluminating light box.  Molecular size markers (λ-HindIII plus φX 

174-HaeIII, Life Technologies™) were also included on the gel for size comparison 

purposes.  Bands of the appropriate size from the pcDNA-Int A and CstF lanes were 

excised from the gel and purified by adsorption to silica beads (QIAEX II Gel 

Extraction Kit), and eluted with 20 μl of ddH2O.  Purified fragments (approximately 

100 ng DNA/20 μl ligation reaction) were ligated with 1 unit of T4 DNA Ligase (Life 

Technologies™) overnight at room temperature.  Null ligation mixtures were also set 

up containing vector or insert only.  DH5α cells were transformed with reaction 

mixtures as previously described (Appendix A.1).  Selected colonies were screened 

with PCR (AB57/BH373) and run on 1% agarose gel (Appendix A.1 and A.2).  A 

positive pick was expanded, purified, (Appendix A.3) and sequence confirmed 

(AB57/SP6).  The final product was stored at 4oC. 

CPSF160:  One μg of purified plasmid DNA (CPSF) was digested with HpaI 

and BamHI (5 and 20 units, respectively with 1x BSA and 1x NEBuffer 4) at 37oC for 

1 hour.  Concurrently, 1 μg of pcDNA-Int A plasmid DNA was digested with BamHI 

and EcoRV (20 units of each; with 1x BSA and 1x NEBuffer 2) at 37oC for 1 hour.  

Subsequently, CIP (1 unit; 1x NEBuffer 3) was added to the digest of pcDNA-Int A 

and incubated at 37oC for an additional 30 minutes.  Digests were fractionated on a 

1% agarose gel as previously described.  Bands of the appropriate size from the 

pcDNA-Int A and CPSF lanes were excised from the gel and purified by adsorption 

to silica beads (QIAEX II Gel Extraction Kit), and eluted with 20 μl of ddH2O.  Purified 

fragments were ligated and transformed into DH5α cells as previously described 

(Appendix A.1).  Selected colonies were screened with PCR (AB57/BH367) and run 

on 1% agarose gel (Appendix A.1 and A.2).  A positive pick was expanded, purified, 
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(Appendix A.3) and sequence confirmed (AB57/SP6).  The final product was stored 

at 4oC. 

SF1:  One μg of purified plasmid DNA (SF1) was digested with BstZ171 and 

BamHI (5 and 20 units, respectively with 1x BSA and 1x NEBuffer 3) at 37oC for 1 

hour.  Concurrently, 1 μg of pcDNA-Int A plasmid DNA was digested with BamHI and 

EcoRV (20 units of each; with 1x BSA and 1x NEBuffer 2) at 37oC for 1 hour.  

Subsequently, CIP (1 unit; 1x NEBuffer 3) was added to the digest of pcDNA-Int A 

and incubated at 37oC for an additional 30 minutes.  Digests were fractionated on a 

1% agarose gel as previously described.  Bands of the appropriate size from the 

pcDNA-Int A and SF1 lanes were excised from the gel and purified by adsorption to 

silica beads (QIAEX II Gel Extraction Kit), and eluted with 20 μl of ddH2O.  Purified 

fragments were ligated and transformed into DH5α cells (Appendix A.1).  Selected 

colonies were screened with PCR (AB57/BH371) and run on 1% agarose gel 

(Appendix A.1 and A.2).  A positive pick was expanded, purified, (Appendix A.3) and 

sequence confirmed (AB57/SP6).  The final product was stored at 4oC. 

 PTB:  One μg of purified plasmid DNA (PTB and pcDNA-Int A) was digested 

with EcoRI and NotI (20 and 10 units, respectively with 1x BSA and 1x NEBuffer 3) 

at 37oC for 1 hour.  Subsequently, CIP (1 unit; 1x NEBuffer 3) was added to the 

digest of pcDNA-Int A and incubated at 37oC for an additional 30 minutes.  Digests 

were fractionated on a 1% agarose gel as previously described.  Bands of the 

appropriate size from the pcDNA-Int A and PTB lanes were excised from the gel and 

purified by adsorption to silica beads (QIAEX II Gel Extraction Kit), and eluted with 

20 μl of ddH2O.  Purified fragments  were ligated and transformed into DH5α cells 

(Appendix A.1).  Selected colonies were screened with PCR (AB57/BH369) and run 

on 1% agarose gel (Appendix A.1 and A.2).  A positive pick was expanded, purified, 

(Appendix A.3) and sequence confirmed (AB57/SP6).  The final product was stored 

at 4oC. 

 U2AF65:  One μg of purified plasmid DNA (U2AF65 – “B6” ATCC #6706846, 

hum3346087 601122125F1) was digested with MscI and BamHI (3 and 20 units, 

respectively with 1x BSA and 1x NEBuffer 2) at 37oC for 1 hour.  Concurrently, 1 μg 

of pcDNA-Int A plasmid DNA was digested with BamHI and EcoRV (20 units of each; 

with 1x BSA and 1x NEBuffer 2) at 37oC for 1 hour.  Subsequently, CIP (1 unit; 1x 
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NEBuffer 3) was added to the digest of pcDNA-Int A and incubated at 37oC for an 

additional 30 minutes.  Digests were fractionated on a 1% agarose gel as previously 

described.  Bands of the appropriate size from the pcDNA-Int A and U2AF lanes 

were excised from the gel and purified by adsorption to silica beads (QIAEX II Gel 

Extraction Kit), and eluted with 20 μl of ddH2O.  Purified fragments were ligated and 

transformed into DH5α cells were transformed (Appendix A.1).  Selected colonies 

were screened with PCR (AB57/BH353) and run on 1% agarose gel (Appendix A.1 

and A.2).  A positive pick was expanded, purified, (Appendix A.3) and sequence 

confirmed (AB57/SP6).  The final product was stored at 4oC. 

 Neo Removal: Once the sequence of each of these constructs was 

confirmed, the neomycin resistance gene coding region was removed.  This was 

done so that the RNA processing factor expression constructs could be Neo-silent 

when co-transfected with pcDNA3-based plasmids from which NeoR mRNA 

transcripts are used as an internal normalization control (Huckle and Roche, 2004).  

One μg of purified plasmid DNA from each of the 5 constructs as well as the empty 

pcDNA-Int A vector was digested with PsiI (10 units, 1x SEBuffer B) for 1.5 hours at 

37oC as described above.  Digests were fractionated on a 0.7% agarose gel as 

previously described.  Bands of the appropriate size from each of the lanes were 

excised from the gel and purified by adsorption to silica beads (QIAEX II Gel 

Extraction Kit), and eluted with 25 μl of ddH2O.  Purified fragments were ligated and 

transformed into DH5α cells (Appendix A.1).  Selected colonies were screened with 

PCR (BH398/BH399) and DNAs were analyzed by electrophoresis on a 1% agarose 

gel (Appendix A.2).  Positive picks were expanded, purified, (Appendix A.3) and 

confirmed via restriction mapping.  The final products were stored at 4oC.   

Co-transfection Experiments.  RNA processing factors were co-transfected 

with pFIN13 in three independent experiments (Appendix A.4).  After 48 hrs, cells 

were lysed for RNA isolation, cDNA synthesis, and QPCR analysis as described in 

Chapter 3.  Statistical differences among groups were assessed by ANOVA with 

block and treatment included in the model. 
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Results 

Endogenous RNA processing factor expression and sFLt-1: Flt-1 ratios.  

Cell types were selected based initially on Flt-1 expression as identified in the 

literature (Akuzawa et al., 2000; Barleon et al., 1996; Clauss et al., 1996; Gerber et 

al., 1997; Sawano et al., 2001).  Other criteria involved in the selection process were 

ease of handling and transfection ability and efficiency.  Because preliminary 

research in this laboratory was completed in the HEK293 cells, they served as the 

baseline for comparison.  They were also used as the primary cell type for remaining 

experiments for this reason, as well.  THP-1 cells are a monocytic cell line that has 

the advantage of becoming differentiated with application of phorbol ester (Akuzawa 

et al., 1999; Ries et al., 1998; Yoshida et al., 1998).   

Since several of the RNA processing factors of interest are detectable by 

Western blot, and the cells express Flt-1 mRNAs natively in a manner that can be 

measured by QPCR, we were able to examine the native expression of both factors.  

Antibodies for U2AF65, PTB or CstF64 proved to be most reliable, detecting species of 

the anticipated molecular weights in whole lysates of non-transfected cells or control 

cells transfected with the appropriate expression vector (Figure 4.1A).  However, 

only anti-U2AF65 and anti-PTB gave measurable signals in non-transfected cells.  

Antibodies for CPSF160 and SF1 failed to provide reliable results, even when tested 

with nuclear extracts of HEK293 cells or with recombinant targets expressed in E. 

coli (not shown).  The relative expression of PTB and U2AF65 was estimated in 

HEK293 and THP-1 cells after internal normalization of densitometric measurements 

to GAPDH expression (Figure 4.1B).  This analysis showed that the PTB: U2AF65 

ratio was lower in non-differentiated THP-1 cells compared to either HEK293 or 

differentiated THP-1 cells.   

In addition to Western blots, QPCR was also done using human Flt-1 and 

sFlt-1 targets (BH386/ BH388/ BHTP-22 and BH386/ BH387/ BHTP-21, 

respectively).  Our results showed lower expression of both Flt-1 and sFlt-1 in THP-1 

cells treated with DMSO (the vehicle) relative to HEK293 cells normalized to 18S 

rRNA (Figure 4.1C).  There is significant induction of both Flt-1 (exon 13/ exon 14 

junction) and sFlt-1 (exon 13/ intron 13 junction) in THP-1 cells treated with PMA, as 

expected (Huckle, unpublished data).  As shown previously (Akuzawa et al., 2000; 
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Hornig et al., 2000), PMA treatment increased steady-state Flt-1 mRNA levels; our 

results showed that this induction, and the increased PTB: U2AF65 protein ratio, was 

accompanied by an increase of 2-fold in the sFlt-1: Flt-1 mRNA ratio (Figure 4.1D). 

 

Overexpression of RNA processing factors.  To accomplish RNA 

processing factor expression, we purchased MGC clones and generated expression 

plasmids via subcloning coding sequences into pcDNA-Int A.  Five MGC clones of 

selected RNA processing factors were obtained from ATCC, subcloned and 

screened for identity.  These factors were chosen because each has been shown to 

interact directly with pre-mRNA transcripts (Amir-Ahmady et al., 2005; Deka et al., 

2005; Liu et al., 2001; Murthy and Manley, 1995; Zamore and Green, 1989; Figure 

4.1).  In addition to generating mammalian expression plasmids, each of the protein 

cDNAs was subcloned into bacterial expression plasmids containing either His6 or 

GST expression tags.  These constructs were used in some cases to generate 

positive controls for Western blotting experiments and will be used in future binding 

and characterization experiments.  Bacterial expression and purification was done 

with all constructs.  Bacterial plasmids were checked for expression by Western 

blotting with either the RNA processing factor specific antibody or the epitope tag 

antibody.   

Mammalian expression constructs were transiently transfected into HEK293 

cells.  After 48 hours, cell lysates were harvested and Western blots with factor 

specific antibodies were used to determine overexpression (Figure 4.3).  U2AF65 

overexpression is visible over basal levels.  CstF64 shows undetectable basal 

expression but is markedly overexpressed.  PTB is also nicely overexpressed, but 

can also be easily detected at the basal state as well.  In this case, there are 

additional bands detected with this antibody.  One possible explanation is that PTB 

can self regulate and is produced in multiple forms that differ in size (Wollerton et al., 

2004).  We predict that the overexpression of PTB causes autoregulation leading to 

alternative processing of the native PTB expressed in HEK293s producing the 

additional bands at ~50 kDa.   

In addition to protein overexpression, expression of each of the RNA 

processing factors was confirmed by PCR with gene specific primers, as well (Figure 
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4.4).  One set of transfected cell cDNAs was used in each set of PCR reactions.  For 

each primer pair, the other transfected proteins served as negative controls.  

Additionally, the no RT sample for each factor was another negative control used to 

observe any plasmid background.  Bands of the appropriate size for predicted 

spliced products were present in the correct lanes for all five proteins.  In the cases 

of CPSF160 and CstF64, unspliced forms of plasmid background can be detected in 

the no RT sample lanes (Figure 4.4).  Viewing expression via PCR allows us to 

detect RNA expression where we were previously limited by the lack of functional 

antibody.   

 

Co-transfection control experiments.  Based on literature regarding 

changes in expression relative to processing factor overexpression (Amir-Ahmady et 

al., 2005; Cáceres et al., 1994; Takagaki and Manley, 1998; Veraldi et al., 2001), we 

wanted to look at the effects of overexpression on Flt-1 and sFlt-1.  To examine the 

effect of overexpression of RNA processing factors in HEK293s, we planned to 

transiently co-transfect these vectors into cells with pFIN13.  We needed to know if 

both plasmids would transfect into the cells at similar rates and if they would co-

transfect.  As a test of co-transfection efficiency, we used a green fluorescent protein 

expression construct (pcD-EGFP; Huckle, unpublished) and a red fluorescent protein 

construct (DsRed Express; Clontech) transiently transfected into HEK293 cells either 

separately or together.  This experiment was done twice; once to be analyzed by 

flow cytometry, and once by confocal microscopy.  As controls, non-transfected and 

single vector-transfected cells were analyzed concurrently.  Results from the two 

experiments showed consistent transfection efficiency between the two constructs 

(Figure 4.5).  Results obtained from the flow cytometry showed that each reporter 

which was expressed in 20-30% of the total gated cell population was transfected 

regardless of single or co-transfection (Figure 4.5A).  Further, of the population of 

cells which were positive for either reporter, ~75% of the cells expressed both.  

Similar estimates can be made from visual examination of sample confocal 

microscopy fields, in which the majority of reporter-positive cells showed both green 

and red fluorescence (Figure 4.5B).  The histogram presented here shows 

approximately equal rates of detection of both the EGFP and the DsRed plasmids. 
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Effect of overexpressing RNA processing factors on relevant Flt-1 
processing products.  Three replicate co-transfection experiments were done using 

pFIN13 with one of each of the five RNA processing factor constructs or the empty 

pcDNA backbone vector transiently transfected into HEK293 cells.  After 48 hours, 

conditioned media and cell lysates were harvested.  Total RNA was isolated from the 

cell lysates and cDNA was generated.  Prior to running QPCR, end-point PCR was 

done (BH205/206) to confirm the success of the transfection and cDNA synthesis 

procedures.  In each case, Western blots and QPCR were used as quantitative 

endpoints for sFlt-1 protein expression and Flt-1, sFlt-1, 5’UTR, and Long sFlt-1 

mRNA expression, respectively.  Unfortunately, the antibody for sFlt-1 (N-terminal 

Flt-1) was not able to produce consistent results.  Because of this, densitometric 

evaluation of sFlt-1 protein expression was not determined routinely, although an 

example blot is shown (Figure 4.6).   

However, the QPCR data obtained was very consistent (Figure 4.7).  The 

effect of RNA processing factor overexpression was not totally in accord with what 

was predicted.  We had predicted that overexpression of splicing factors would 

increase the production of Flt-1 mRNA and protein while decreasing those of sFlt-1.  

Conversely, we expected to see a decrease in Flt-1 mRNA and protein with an 

increase in that of sFlt-1 with an overexpression of cleavage/polyadenylation factors.  

QPCR results showed that when cleavage/polyadenylation factors CstF64 and 

CPSF160 were overexpressed, splicing product expression was increased 2-3 fold, 

while Total sFlt-1 and Long sFlt-1 targets either did not change or decreased by half, 

respectively (Figure 4.7A).  The effects of PTB and SF1 were similar.  Both of these 

factors decreased Total sFlt-1 and Long sFlt-1 expression by about 50% (Figure 

4.7A).  SF1 had little impact on Flt-1 or 5’UTR expression, while PTB increased both 

by approximately 2-fold.  Overexpression of U2AF65 had the smallest effect on Total 

sFlt-1 and Long sFlt-1 expression while increasing Flt-1 and 5’UTR expression by 

just under 2-fold (Figure 4.7A).  None of the processing factors appeared to have an 

effect on the 5’UTR: Flt-1 ratio (Figure 4.7B).  However, both PTB and CPSF160 

decreased the sFlt-1: Flt-1 ratio by roughly 90% (Figure 4.7C).  U2AF65, CstF64, and 

SF1 all decreased the sFlt-1: Flt-1 ratio by less than 40% (Figure 4.7C).  Very little 
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change was seen for any of the RNA processing factors on the Long sFlt-1: Total 

sFlt-1 ratio when overexpressed (Figure 4.7D).  Overall, there appears to be a 

positive correlation between sFlt-1: Flt-1 expression and the PTB: U2AF65 ratio. 

 

Discovery of a novel splice product, “13a.”  An interesting finding 

occurred upon examining the results from the PCR done to determine the presence 

of cDNA prior to running QPCR.  Additional bands at approximately 300, 400, and 

1000 bp were present (Figure 4.8A).  These bands were excised from the gel, 

purified and sequenced.  Based on the sequence, the observed structure was 

determined (Figure 4.8B), and subsequently, the structure of pFIN13 containing 

these alternative splice sites was elucidated (Figure 4.8C).  The bands present at 

300 and 400 bp were discovered to contain a single sequence corresponding to an 

alternatively spliced Flt-1 mRNA that we have termed “13b.”  This product appears to 

use a cryptic 139 bp exon contained within intron 13.  The strong band in the U2AF65 

lane at about 1kb, when characterized by sequencing was revealed to be an 

additional alternate splice form of the Flt-1 mRNA (Figure 4.8).  This mRNA uses an 

alternate 5’ splice site donor 816 bp into intron 13 (i.e., at the 3’ end of cryptic exon 

13b) spliced to the familiar exon 14 3’ splice site acceptor.  The novel exon 13b is 

flanked by splice sites that contain the characteristic recognition sequences (GU/AG 

dinucleotides, PPY tract) and, when fused to exon 13, would also contain an in-frame 

termination codon to produce an sFlt-1 protein with a variant C-terminal peptide 

(Figure 4.9).  Interestingly, there is high homology around the 13b cryptic splice sites 

among the mouse, human and canine genomic sequences.   

Because the 13b splice did not appear to be particularly abundant or 

obviously regulated by any of our selected RNA processing factors, that splice was 

not further characterized at this time.  However, the 13a splice form appeared in the 

end-point PCR analysis to be significantly upregulated with the overexpression of 

U2AF65 in transiently transfected HEK293 cells (Figure 4.8A).  To assay the steady-

state levels of mRNAs containing splice products involving the exon 13a-13b splice 

donor, new QPCR primers and TaqMan probe were designed to detect the exon 

13a/ exon 14 junction; this junction is identical to the exon 13b/ exon 14 junction.  A 

cDNA dilution curve was done to confirm that the new QPCR reagents gave 
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amplification efficiency comparable to that for other targets (Appendix A.6C).  Using 

these reagents, the expression of mRNAs containing the 13a splice product was 

measured using cDNAs generated from HEK293 cells co-transfected with pFIN13 

and the family of RNA processing factors.  U2AF65 overexpression was associated 

with a 14-fold increase in the 13a: NeoR ratio (Figure 4.10A); overexpression of the 

other factors had smaller effects on this ratio (no greater than a 2.5-fold up or down).  

The effect of U2AF65 on splice products involving exon 13a also was evident when 

13a levels were compared instead to the exon 13/ exon 14 splice product (Flt-1; 

Figure 4.10B).  This analysis indicates that, among the factors studied, only U2AF 

had a selective enhancing effect on levels of mRNAs containing the exon 13a/exon 

14 splice product.   

Finding this alternative splice in cells transfected with our mini-gene was 

intriguing.  To determine if this phenomenon was an artifact of our expression 

system, we looked for the alternative 13a and 13b splice junctions in mouse tissue 

samples.  cDNAs were generated from purchased mouse tissues and used in a 

screening QPCR experiment.  Based on raw threshold cycle values, mouse lung 

appeared to have the highest expression of native 13a detected with our gene 

specific primers and probe.  Using a gene specific primer, cDNA was again 

generated and used in a set of nested PCR incubations.  We predict three different 

processing products could be obtained from pFIN13 in the nested PCR (Figure 

4.11A).  Results from the nested PCR do show evidence of the three splice products 

(Figure 4.11B).  The exon 13/ exon 14 splice is represented as well as the Flt-1 exon 

13a/ exon 14 and exon 13/ 13b/ exon 14 splice.  As a control, a portion of the first 

round of PCR was also run on the gel.  This lane gave rise to two products, the 

predicted exon 13/ exon 14 splice (“Round 1 High”), and yet another alternative 

splice in which exon 15 was excluded (“Round 1 low”).  This product would lack a 

portion of the 7th IgG domain, but would retain the correct reading frame to produce 

Flt-1 mRNA.  Primers BH205 and BH439, when used as round-1 in the PCR, 

produced a band corresponding to the exon 13/ 13a splice (“A2 Only”).  However, 

when used with the BH216/ BH340 product as template in round-2 PCR, they 

produced three bands which all contained the exon 13/ 13b splice product (“A-Low, -

Mid, -High”).  Primers BH226/ BH206 only produced a band when used as round-2 
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PCR primers with BH216/ BH340 round-1 product as template.  This band 

corresponded to the other half of the 13b splice, 13b/ exon 14 (“B-Low”).  And finally, 

BH205/ BH206 when used as round-1 primers with the gene specific primed cDNA 

or as round-2 primers with the BH216/ BH340 round-1 product as template produced 

the predicted exon 13/ exon 14 splice (“C2 Only” and “C-Low,” respectively).  The 

13a and 13b splice products were subcloned and sequenced again to further confirm 

identity.  Because this 13a/14 splice is up-regulated specifically with U2AF65 

overexpression and does appear in native tissues, the goals of the project were 

modified to further characterize this interesting and potentially important processing 

event.   

 

Discussion 
The studies described in this chapter sought to determine whether 

differences in the abundance of intracellular proteins principally involved in splicing 

or cleavage/polyadenylation can be correlated to relative steady-state levels of sFlt-1 

and Flt-1 mRNAs.  Originally, we had hoped to transfect the THP-1 cells with our 

mouse Flt-1 mini-gene constructs in order to study the RNA processing events of 

interest in the context of a second cell line that naturally expresses Flt-1.  However 

this venture was abandoned after several failed attempts to achieve satisfactory 

transfection efficiency.  THP-1 cells were transiently transfected via two lipid-based 

methods, using Effectene (Qiagen) or TransITLT1 (Mirus).  Initial attempts with the 

Effectene protocol showed poor transfection rate (data not shown) with our pcD-

EGFP expression plasmid.  However, we did make an attempt at using this method 

for transfecting our plasmids of interest.  This, unfortunately, yielded too low a 

transfection rate to obtain interpretable results.  An alternative method that may be 

useful for future studies is “nucleoporation” (Amaxa; Martinet et al., 2003); 

subsequent experiments have showed much higher rates of transfection with the 

Amaxa protocol.  However, by this time we had decided to forgo conventional 

transfection of the THP-1 cells and instead study their native Flt-1, sFlt-1 and RNA 

processing factor expression. 
The differentiation technique in the THP-1 cells allowed us to utilize a model 

analogous to maturing B cells, in which IgM expression shows characteristic 
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changes.  Differentiation of THP-1 cells with PMA induced expression of Flt-1 mRNA 

(as measured by QPCR analysis of the exon 13/ exon 14 junction normalized 

internally to 18S rRNA expression) by 9.3-fold, whereas sFlt-1 mRNA (exon 13/ 

intron 13 junction) was induced 25-fold.  This differential induction of sFlt-1 mRNA 

was accompanied by an increase in the PTB: U2AF65 protein ratio.  At face value, 

this result is consistent with a model in which PTB may compete with U2AF65 for 

binding to the PPy tract of Flt-1 intron 13 (Singh et al., 1995).  Thus, as we get an 

increase in the PTB: U2AF65 ratio, either via an increase in PTB or a decrease in 

U2AF65 or both, PTB could out-compete U2AF65 for binding to the PPy tract and thus 

favor sFlt-1 mRNA formation (cleavage/polyadenylated intron 13) over Flt-1 mRNA 

(spliced exon 13/ exon 14) (Wagner et al., 2001).  Additionally, if PMA increases PTB 

expression, this could cause a self-regulation feed-back loop to be initiated 

(Wollerton et al., 2004).  If this were the case, we might actually see a decrease in 

the sFlt-1: Flt-1 ratio because the auto-regulated PTB splice variant is often a target 

for decay machinery (Wollerton et al., 2004).  Other, less direct, explanations of 

course are possible and cannot be excluded based on the present findings. 

 In addition to preparing RNA processing factor expression constructs for 

mammalian cells, coding sequences for these proteins also were subcloned into 

vectors for bacterial expression with N-terminal His6 or GST tags.  Our initial 

intention was to purify and subsequently utilize bacterially-expressed in RNA binding 

assays.  However, this was put aside with the discovery of the 13a and 13b 

alternative exons, as well as in view of concerns about establishing a usable binding 

protocol with the large size (1.5-2.0 kb) of RNA targets needed to test the original 

concept about competition between cleavage/polyadenylation and splicing factors.   

Since we were able to successfully co-transfect the HEK293 cells, we were 

able to examine the expression pattern of murine Flt-1 relevant processing products 

when RNA processing factors are overexpressed.  We predicted an increase in 

splicing products when U2AF65 and SF1 were co-transfected in the HEK293 cells.  

We did detect this, but to a small extent.  This could be because the spliceosome is a 

conglomerate of several factors and that overexpressing one of them was not 

enough to really drive splice product expression.  When SF1 was co-transfected with 

pFIN13, we actually saw a decrease in sFlt-1 and Long sFlt-1.  This is very intriguing, 
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and potentially due to interference between SF1 binding and 

cleavage/polyadenylation factor binding within intron 13.  Even more interesting was 

our result when PTB was co-transfected.  We predicted based on literature that PTB 

would inhibit splicing directly or through competition with U2AF65 (Amir-Ahmady et 

al., 2005).  What we saw was an increase in Flt-1 and 5’UTR expression and a 

decrease in Total sFlt-1 and Long sFlt-1 expression.  It has been established that 

PTB can affect splicing through binding certain pyrimidine rich sequences often, but 

not always, found in the PPy tracts at the 3’ ends of introns (Amir-Ahmady et al., 

2005).  It is possible that there are such regions elsewhere in the Flt-1 gene that 

would serve as binding sites for PTB.  If this is true, then it is possible that PTB could 

then interfere with cleavage/polyadenylation factors and thus decrease sFlt-1 and 

Long sFlt-1 and increase Flt-1 and 5’UTR by default.  Overexpression of 

cleavage/polyadenylation factors CstF64 and CPSF160 increased Flt-1 and 5’UTR 

expression.  It is important to remember that these two products also need to be 

cleaved and polyadenylated and that they would both do so using the downstream 

BGH polyadenylation signal.  This may be a stronger signal than those presented in 

intron 13 and thus be used more often and efficiently.  Results obtained in this 

experiment would support this possibility.   

The 13a and 13b splices would each, theoretically, produce a secreted Flt-1 

protein (both contain translation stop codons within “intron” 13) while resembling Flt-

1 mRNA with respect to the processing pathways involved in their origin as well as 

potentially the presence of exons 14-30.  These mRNAs would be likely to retain 

similar cellular transportation and degradation properties to that of the full-length Flt-

1.  The 13a product would be detected with our sFlt-1 QPCR primer/probe set 

because it retains that portion of the intron.  We designed new reagents for 13a 

examining the 13a/exon 14 junction.  These would also detect the 13b product 

because the 13b exon is retained in the 13a product and is similarly spliced to exon 

14.  The observation of this in our pFIN13 cDNAs inspired us to determine if this was 

an artifact of our system (as with 5’UTR) or if it occurs biologically.  We were able to 

detect expression through nested PCR of all three splice products (13/14, 13a/14 

and 13/13b/14) in cDNAs generated from mouse lung.  This is critical because it 

provides evidence for a native sFlt-1-encoding mRNA that closely resembles that of 
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Flt-1 mRNA in size and structure.  This could potentially be an additional way that the 

body would produce sFlt-1 mRNA that could compete more readily with Flt-1 mRNA.   

Exon 13, intron 13, exon 14 of the Flt-1 gene were examined empirically for 

predicted ESEs using ESEfinder© (http://rulai.cshl.edu/tools/ESE) (Figure 4.12, 

panels a-d).  Based on sequence and a point value assigned to each base, each 

region of the DNA (6-8 bp segments) is given a value.  Values above 4 are likely to 

be ESE sites.  In the case of Flt-1, higher densities of possible sites are located in 

exons 13 and 14.  However, there are several “pockets” of potential ESE sites in 

intron 13, including high-scoring sites within exon 13b.  This could be a possible 

explanation as to why there is so much activity in this intron.   

A pitfall of the overexpression experiments is a lack of biological relevance.  

Changes occurring in cells transfected with a given processing factor not may be 

attributable to that protein alone.  Splicing and cleavage/polyadenylation proteins are 

not specific to the Flt-1 system.  So, changes made to these proteins may well affect 

other expressed genes, including other endogenous processing proteins, and could 

even be fatal to the cells.  Regardless, we expect that the results will be informative.  

It may be advantageous to change the expression system we are using to one that 

had a weaker or inducible promoter to gain control over the level to which our 

proteins are expressed.  Additionally, experiments in our laboratory are underway to 

develop a system by which we would be able to knock down expression using siRNA 

technology.  This is could provide the opposite experimental environment, predicting 

the pattern of expected results to be converse to those obtained with the 

experiments done here. 
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A.  Western blots of native RNA processing factors (from three independent 
experiments run concurrently #’s 1,2, and 3).  The positive control, lane P, 
contained protein previously determined to contain the RNA processing 
factor to which the antibody is directed except the GAPDH blot. GAPDH 
serves as loading control (housekeeping protein). 

U2AF65 
(sc-19958)
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1 1 12 2 23 3 3P

Figure 4.1 A and B.  Native RNA processing factor and human sFlt-1 and 
Flt-1 expression.  A.  Western blots of native RNA processing factors (from 
three independent experiments run concurrently #’s 1, 2 and 3).  The 
positive control, lane P, contained protein previously determined to contain 
the RNA processing factor to which the antibody is directed except the 
GAPDH blot.  GAPDH serves as loading control (housekeeping protein).  
B.  Densitometry of panel A PTB: U2AF.  All cell lines are statistically 
different from 0 (p<0.01).  THP-1 PMA and HEK293 are both statistically 
different from THP-1 DMSO (p<0.05). 
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Figure 4.1 C and D.  Native RNA processing factor and human sFlt-1 and 
Flt-1 expression.  C.  QPCR for human sFlt-1 and Flt-1 (normalized to 18s 
rRNA) from three independent experiments run concurrently (p<0.05).  D.  
QPCR results presenting sFlt-1: Flt-1 (normalized to 18s rRNA) from the 
same three independent experiments run concurrently in panel C.  
Statistical analysis not done. 
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RNA Processing Factor Protein Domain Structures.

Figure 4.2.  Selected RNA processing factor protein domains.  This figure 
is not to scale. 
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Figure 4.3.  RNA processing factor protein overexpression.  
Representative western blots for U2AF65. PTB and CstF64.  Native 
expression is seen for PTB and U2AF65, however both are 
overexpressed.  Native CstF64 is not visible. 
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Figure 4.4.  RNA processing factor cDNA overexpression.  PCR on 
cDNAs generated from a co-transfection experiment to check for 
overexpression of RNA processing factors.  NC= negative control “no RT” 
sample coordinating with the relevant cDNA for that gel.  White arrows 
show presence of “spliced” cDNA for each RNA processing factor.  Red 
arrows denote plasmid carryover/ background in negative control lanes. 
 

RNA processing factor cDNA overexpression. 
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Figure 4.5 A and B.  Control co-transfection experimental results.  A.  
Flow Cytometry Results.  Approximately 3,400 cells were counted in each 
population.  % Red and Green = the number of cells expressing both red 
and green out of the total number of cells counted.  % Co-transfected = 
the number of cells expressing both red and green out of the total number 
of cells transfected.  B.  Confocal microscopy results.  A similar visual 
estimate of the flow cytometry results can be made with this data.  Cells 
shown at 100x magnification 
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Figure 4.6.  Example co-transfection sFlt-1 protein expression western 
blot.  RNA processing factor representative western blot using N-term Flt-1 
Antibody (sc-9029).  NC = negative control pcDNA-Int A co-transfected 
with pcDNA-Int A.  Remaining lanes were co-transfected with pFIN13. 
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Figure 4.7 A and B.  Effect of co-transfection of RNA processing factors 
with pFIN13.  QPCR results from 3 independent replicate co-transfection 
experiments.  A.  QPCR for all relevant targets normalized to NeoR.  
(p<0.05)  B.  QPCR ratio of 5’UTR: Flt-1 (normalized to NeoR).  Statistical 
analysis not done.  
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Figure 4.7 C and D.  Effect of co-transfection of RNA processing factors 
with pFIN13.  QPCR results from 3 independent replicate co-transfection 
experiments.  C.  QPCR ratio of sFlt-1: Flt-1 (normalized to NeoR).  D.  
QPCR ratio of Long sFlt-1: Total sFlt-1 (normalized to NeoR).  Statistical 
analysis not done. 
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Figure 4.8 A, B, and C.  Discovery of alternative splicing products.  Results from 
PCR to check for presence of cDNA using BH205/BH206. Red arrow denotes 13a/14 
splice band.  Blue arrow denotes 13b/14 splice bands.  Green arrow denotes 13/14 
splice band. PC = positive control cDNA from pFIN13 transfected HEK293 cells 
previously shown to contain the BH205/BH206 splice product.  Remaining lanes were 
co-transfected with pFIN13. 
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Native 13b Consensus and Homology

can            TGCTTTTTTTTTTTTTTTTTTACATTAAGCACATTAATCTTAAACTGGAG...
| . || ||||||||||.||| ||| ||| | ||| ||||||||||||||

mus AACTTGGTTGTTTTGTTGTTTTTTTTTTCTTTTCATGAAGTATATTGATCTTAAACTGGAG...
|   | |     ||.|||||||||.||| | | ||| | ||| ||||| |||||||| 

hum CTTATTTATTTGAAAATGCTTTTTTTTTTTTTACGTTAAGCACATTTATCTTGAACTGGAG...
||

Consensus ...YAG...

Consensus                     ...YRGGURRGU...
||||||| |

can                           GTCTGGGTAGCTAGCTGACTAGT
|  ||||  ||   |  |  |

mus ...GTCTGCTCCACCCTCCTCTGTCCACCCAGGTAATTACACGTGTGTTTC...
| | |||||||||||

hum                      ...CGATCCAGGTAATTA...
||||||| |

Consensus                     ...YRGGURRGU...

....AspIleLeuArgLysThrGluValLeuValArgValTyrTER

13 bEx 13

Predicted Protein:

Figure 4.9.  Predicted mRNA and protein sequence of the alternative exon 
13b splice.  Sequence homology between mouse, human and dog for the 
region of 13b is fairly strong. 
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Figure 4.10 A, B, and C.  Effect of co-transfection of RNA processing factors 
with pFIN13 on “13a” splice product.  A.  Predicted 13a mRNA structure with 
location of 13a QPCR reagents binding sites.  sFlt-1 QPCR reagents also bind 
this mRNA.  B.  RNA processing factor QPCR results for the 13a: NeoR ratio 
(p<0.05).  C.  RNA processing factor QPCR results for the 13a: Flt-1 ratio 
(normalized to NeoR).  (p<0.05) 
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Figure 4.11 A and B.  Predicted and observed “13a” and “13b” splice form in 
native mouse lung.  A.  Predicted gene and mRNA forms of sFlt-1.  B.  Nested 
PCR using mouse lung cDNA.  Primer pairs used are identified above each 
set of lanes.  (#) denotes number of rounds of PCR done on product.  For 
each (2), round 1 used primers BH216/ BH340.  N = no RT negative control 
template.  C = cDNA template. 
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Predicted Binding Sites for 4 Exonic Splicing Enhancers 
(ESE) Location Relative to Flt-1 Exon 13 through Exon 14
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Figure 4.12 A and B.  Predicted locations of 4 exonic splicing enhancers 
(ESEs).  A.  ESE predicted binding site for SC35.  B.  ESE predicted binding 
site for SF2/ASF.   
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Figure 4.12 C and D.  Predicted locations of 4 exonic splicing 
enhancers (ESEs).  C.  ESE predicted binding site for SRp40.  
D.  ESE predicted binding site for SRp55.   
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Chapter 5 .  Domains of pFIN13 and U2AF65 involved in enhanced expression 
of the novel Flt-1 “exon 13a” splice variant. (Aim 3). 

 

Introduction 

The purpose of studies described in this section was to gain insight into the 

mechanism behind the alternative splicing of Flt-1 mRNA by the overexpression of 

U2AF65 (Chapter 4).  We know from previous reports that U2AF65 is an RNA binding 

protein involved in mRNA splicing as a crucial part of the spliceosome (Kellenberger 

et al., 2002; Lee et al., 1993; Selenko et al., 2003; Zamore and Green, 1989).  We 

have discovered that U2AF65, when overexpressed, enhances utilization of an 

alternative Flt-1 exon that we have termed “13a.”  We determined that this mRNA is 

expressed in mouse lung as well as cells transfected with our expression construct 

pFIN13.  Based on the above results, we chose to examine exon 13a/ exon 14 

expression in the context of RNA processing determinants described in the previous 

chapters.  By doing this, we aimed to determine necessary cis elements in the Flt-1 

gene are required for manifestation of the enhancement of exon 13/ 13a splicing.   

In addition to the DNA elements, we would like to determine what portions 

of U2AF65 are required for enhanced expression of these alternative Flt-1 mRNA 

products.  The structure of U2AF65 has been elucidated to contain 3 RRMs, an SR 

domain and a proline-rich region (Banerjee et al., 2004; Kellenberger et al., 2002; 

Kielkopf et al., 2004; Selenko et al., 2003; Zamore and Green, 1989; Zamore et al., 

1992).  Each of these acts in various ways to allow U2AF65 to function (Figure 5.1).  

The SR domain and proline-rich region are believed to be involved in interactions 

with the second U2AF subunit, U2AF35, while the third RRM interacts with SF1 

(Kellenberger et al., 2002; Selenko et al., 2003; Valcarcel et al., 1996).  RRMs 1 and 

2 have been determined to be involved in RNA binding (Rudner et al., 1998; Selenko 

et al., 2003).  Based on this information, we created mutations in U2AF65 to 

determine what is required to induce exon 13a/ exon 14 splicing.  By examining 

steady-state levels of mRNAs containing the exon 13a/ exon 14 junction in cells co-

transfected with wild-type or mutated pFIN13 and pcD-U2AF-no Neo, we sought to 

elucidate the necessary elements required for expression of the 13a splice product.   
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Materials and Methods 

Mutations of pcD-U2AF65-No Neo Construct (Figure 5.2) 

ΔSRC + Proline-rich Region.  We digested 1μg pcD-U2AF-no Neo with SmaI 

(20 units NEB in a reaction volume of 20 μl at 25oC for 1 hour, NEBuffer 4), gel 

purified the appropriate fragment (1% agarose [w/v], QIAEX II kit) and subsequently 

digested with SfoI (10 units, total reaction volume of 20 μl 37oC; NEBuffer 2 + 1x 

BSA).  The appropriate size fragment was then gel purified (1.5% agarose; QIAEX II 

kit).  The double-digested plasmid was then ligated (T4 DNA Ligase) and 

transformed DH5α as previously described (Appendix A.1).  One-ml mini-cultures 

were lysed and screened with PCR (AB57/SP6) for a fragment size of 1827 base 

pairs (Appendix A.2).  Reactions were size separated on a 1% agarose gel (w/v) as 

previously described.  The resulting positive mini-culture was then streaked on an 

LBAmp culture plate and grown overnight at 37oC.  A 100 ml LBAmp culture was 

inoculated and grown overnight at 37oC with shaking at 250 rpm.  Plasmid was 

purified from this culture (Appendix A.3) and a restriction digest map with PvuII (10 

units, 20 μl reaction volume, 37oC, 1 hour, NEBuffer 2) was generated to check for 

accuracy and subsequently sent for sequencing with AB57 and SP6 for additional 

sequence conformation. 

ΔRRM 1-2.  One-μg pcD-U2AF-no Neo was digested with SfoI and PshAI (10 

units NEB of each, total reaction volume of 20 μl 37oC; NEBuffer 2, 1x BSA) and 

subsequently was gel purified for the appropriate fragment (1% agarose [w/v], 

QIAEX II kit).  The double-digested plasmid was then ligated (T4 DNA Ligase) and 

transformed DH5α as previously described (Appendix A.1).  One-ml mini-cultures 

were lysed and screened with PCR (AB57/SP6) for fragment size of 1443 base pairs 

Reactions were size separated on a 1% agarose gel (w/v) as previously described 

(Appendix A.2).  The resulting positive mini-culture was streaked on a culture plate 

and grown overnight and expanded.  Plasmid was purified from this culture 

(Appendix A.3) and a restriction digest map was generated to check for accuracy 

and subsequently sent for sequencing with AB57 and SP6 for additional sequence 

conformation. 
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No Intron A.  We digested 1μg pFIN13-no A (vector) with KpnI and DraIII (10 

and 20 units NEB, respectively, total reaction volume of 20 μl 37oC; NEBuffer 1, 1x 

BSA) and 1μg pcD-U2AF-no Neo (insert) with KpnI and DraIII (10 and 20 units NEB, 

respectively, total reaction volume of 20 μl 37oC; NEBuffer 1, 1x BSA).  These 

reactions were then size separated on a 0.7% agarose gel.  The appropriate 

fragments were excised from the gel and purified (QIAEX II kit) and subsequently 

ligated (T4 DNA Ligase) and transformed DH5α as previously described (Appendix 

A.1).  One-ml mini-cultures were lysed and screened with PCR (T7/SP6) for 

fragment size of 2080 bp (Appendix A.2).  Reactions were size separated on a 1% 

agarose gel (w/v) as previously described.  The resulting positive mini-culture was 

then streaked on an LBAmp culture plate and grown overnight at 37oC.  A 100 ml 

LBAmp culture was inoculated and grown overnight at 37oC with shaking at 250 rpm.  

Plasmid was purified from this culture (Appendix A.3) and sent for sequencing with 

T7 and SP6 for additional sequence conformation. Additionally, 1μg pcD-U2AF No A 

was digested with PsiI (10 units NEB, total reaction volume of 20 μl 37oC; SEBuffer 

B), The digest reaction was separated on a 0.7% agarose gel and subsequently the 

appropriate size fragments were purified (QIAEX II kit).  The construct was then 

ligated (T4 DNA Ligase), transformed DH5α (Appendix A.1), and the 1-ml mini-

cultures were screened with PCR (BH398/399) for fragment size of 841 base pairs 

as previously described for a 1% agarose gel (Appendix A.2).  The resulting positive 

mini-culture was then streaked on an LBAmp culture plate and grown overnight at 

37oC.  A 100 ml LBAmp culture was inoculated and grown overnight at 37oC with 

shaking at 250 rpm.  Plasmid was purified from this culture (Appendix A.3) and sent 

for sequencing with BH399 for sequence conformation.  

ΔSR.  To generate this mutation, we used the 2-round PCR method for 

generating mutations reported previously (Roche MS thesis, 2002).  Two separate 

primer pairs were used to generate the Round-1 products:  set 1 (AB57/BH418) (2% 

gel purified; 310 bp fragment), and set 2 (BH417/SP6) (2% gel purified, 1639 bp 

fragment).  In Round-2, round-1, set 1 and set 2 products are used together as the 

template with primers AB57 and SP6.  In addition, negative control reactions were 

also set up that contained either the set 1 or set 2 product individually.  The reactions 

were run on a 1% agarose gel and the fragment of 1949 bp was purified (QIAEX II 
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kit).  Next we digested the purified PCR product with EcoRI and NarI (20 and 4 units 

NEB, respectively, total reaction volume of 20 μl 37oC; NEBuffer 1) added directly to 

the purified DNA.  Upon completion, the reaction was run on a 1.5% agarose gel.  

The fragment of 361 bp was subsequently purified (QIAEX II kit).  In addition, 1μg 

pcD-U2AF-no Neo was digested with NarI (4 units NEB, total reaction volume of 20 

μl 37oC; NEBuffer 1); gel purified on a 0.7% agarose gel (QIAEX II kit), and digested 

again with EcoRI (20 units NEB, total reaction volume of 20 μl 37oC; NEBuffer 

EcoR).  The double-cut plasmid was then run on a 0.7% agarose gel.  We then 

purified the 6335 bp fragment.  This was then ligated, transformed into DH5α 

(Appendix A.1), and the 1 ml mini-cultures were screened with PCR (AB57/SP6) for 

fragment size of 1950 bp as previously described for a 1% agarose gel (Appendix 

A.2).  The resulting positive mini-culture was then streaked on an LBAmp culture plate 

and grown overnight at 37oC.  A 100 ml LBAmp culture was inoculated and grown 

overnight at 37oC with shaking at 250 rpm.  Plasmid was purified from this culture 

(Appendix A.3) and sent for sequencing with AB57 for sequence confirmation. 

ΔRRM 3.  We digested 0.5μg pcD-U2AF-no Neo with PshAI (10 units NEB, 

total reaction volume of 20 μl 37oC; NEBuffer 4 + BSA); size separated the reaction 

on a 0.7% agarose gel and purified the appropriate fragment.  The purified fragment 

was then digested again with XhoI (20 units NEB, total reaction volume of 20 μl 

37oC; NEBuffer 2, 1x BSA), and again purified from a 0.7% agarose gel.  The 6138 

bp fragment was purified (QIAEX II kit).  Linker prep:  Oligo Engine universal buffer 

(99μl) was combined with 3.3 μM of BH415 and BH416.  We transferred 50μl to 

clean PCR tube and ran as follows:  90oC, 4 min. 70oC, 10 minutes, 37oC, 15 min, 

10oC hold.  The vector and linkers were ligated (T4 DNA Ligase) and then transform 

DH5α as previously described (Appendix A.1).  One-ml mini-cultures were screened 

with PCR (AB57/SP6) for fragment size of 1411 bp as previously described for a 1% 

agarose gel (Appendix A.2).  We re-ran the PCR with AB57 and BH246; gel purified 

the reactions on a 1% agarose gel as described previously and sent for sequencing 

with BH246.  The resulting positive mini-culture was then streaked on an LBAmp 

culture plate and grown overnight at 37oC.  A 100 ml LBAmp culture was inoculated 

and grown overnight at 37oC with shaking at 250 rpm for plasmid purification 
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(Appendix A.3).  Upon sequencing we discovered that the addition of linker prep had 

failed, however introduced 8 amino acid residues followed by stop codon 

(MHLEGPIL·).  Because this terminated our protein sequence with only a short non-

U2AF C-terminal peptide, we decided to use this vector “as is.”    

ΔRRM 1-3.  We digested 0.5μg pcD-U2AF-no Neo with SfoI (10 units NEB, 

total reaction volume of 20 μl 37oC; NEBuffer 2); size separated the reaction on a 

0.7% agarose gel and purified the appropriate fragment.  The purified fragment was 

then digested again with XhoI (20 units NEB, total reaction volume of 20 μl 37oC; 

NEBuffer 2, 1x BSA), and again purified from a 0.7% agarose gel.  The 5470 bp 

fragment was purified (QIAEX II kit).  Linker prep:  Oligo Engine universal buffer 

(99μl) was combined with 3.3 μM of BH415 and BH416.  We transferred 50μl to 

clean PCR tube and ran as follows:  90oC, 4 min. 70oC, 10 minutes, 37oC, 15 min, 

and 10oC hold.  The vector and linkers were ligated (T4 DNA Ligase) and then 

transform DH5α as previously described (Appendix A.1).  One-ml mini-cultures were 

screened with PCR (AB57/SP6) for fragment size of 1411 bp as previously described 

for a 1% agarose gel (Appendix A.2).  We re-ran the PCR with AB57 and BH246; gel 

purified the reactions on a 1% agarose gel as described previously and sent for 

sequencing with BH246.  The resulting positive mini-culture was then streaked on an 

LBAmp culture plate and grown overnight at 37oC.  A 100 ml LBAmp culture was 

inoculated and grown overnight at 37oC with shaking at 250 rpm for plasmid 

purification (Appendix A.3).  Upon sequencing we discovered that the addition of 

linker prep failed, however introduced 8 amino acid residues followed by stop codon 

(MHLEGPIL·).  Because, as with the ΔRRM 3 construct described above, this 

terminated our protein sequence with only a short non-U2AF C-terminal peptide, we 

decided to use this vector “as is.”   

Co-transfection Experiments.   

Flt-1 Plasmid Family + U2AF65.  Plasmid pFIN13, pFIN13-Delta, or pGIN13 

was transiently co-transfected with U2AF65 into HEK293 cells and harvested as 

described in three separate replicate experiments (Appendix A.4).  For all samples, 

cDNA was generated from RNA isolated from cell lysates from each experimental set 

as described (Appendix A.6).  QPCR was done looking at the following targets:  Flt-1 

(BH228/ BH229/ BHTP-3), sFlt-1 (BH211/ BH212/ BHTP-1), Long sFlt-1 (BH312/ 
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BH313/ BHTP-7), 5’UTR (BH298/ BH299/ BHTP-6), 13a (BH412/ BH229/ BHTP-24), 

and NeoR (BH296/ BH297/ BHTP-5) (Figure 4.10).  Data was analyzed according to 

the ΔΔCt method (Huckle and Roche, 2002).  Statistical analysis was completed 

using an ANOVA where the model included block, treatment, U2AF65 and treatment/ 

U2AF65 interaction; p<0.05 was considered statistically significant.   

Flt-1 Mutants + U2AF65.  Plasmid pcDNA-Int A, pFIN13, or selected pFIN13 

mutations was transiently co-transfected with U2AF65 into HEK293 cells and 

harvested as described in three separate replicate experiments (Appendix A.4).  

From all samples, cDNA was generated from RNA isolated from cell lysates from 

each experimental set as described (Appendix A.6).  QPCR was done looking at the 

same targets noted in the preceding paragraph.  Data was analyzed according to the 

ΔΔCt method (Huckle and Roche, 2002).  Statistical analysis was completed using 

an ANOVA where the model included block, treatment, U2AF65 and treatment/ 

U2AF65 interaction.   

pFIN13 + U2AF65 Mutants.  Finally, plasmids containing U2AF65 or U2AF65 

mutations were transiently co-transfected with pFIN13 into HEK293 cells as 

described in three separate replicate experiments (Appendix A.4).  For all samples, 

cDNA was generated from RNA isolated from cell lysates from each experimental set 

as described (Appendix A.6).  PCR using primers BH302 and SP6 was done to verify 

expression of the various mutants (Figure 5.2).  In preliminary experiments, cell 

lysates prepared with 1x Laemmli buffer were fractionated on 15% SDS-PAGE gels 

and probed with sc-19958 to evaluate protein expression.  Similarly, cDNAs from 

transfected cells were subjected to end-point PCR analysis to confirm U2AF 

transgene expression.  QPCR was done looking at the same targets noted above.  

Data was analyzed according to the ΔΔCt method (Huckle and Roche, 2002).  

Statistical analysis was completed using an ANOVA where the model included block 

and treatment.   

Results   

Flt-1 Plasmid Family + U2AF65.  To further characterize the effect of U2AF65 

overexpression, we reexamined samples collected in previous experiments for 

evidence of the 13a splice form.  Returning to one of the initial questions regarding 
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upstream exon size, U2AF65 was transiently co-transfected with pFIN13, pFIN13-

Delta, pGIN13 or the null vector control pcDNA-Int A.  Results here showed no 

significant difference between pFIN13-Delta and pFIN13 for 13a expression 

(normalized to NeoR) with U2AF65 (Figure 5.3A).  However, the increase in 13a 

expression in pGIN13 with U2AF65 is not as great (~4-fold compared to >10-fold).  

The U2AF65 effect is also clearly seen when the 13a: Flt-1 ratio is examined (Figure 

5.3B).  The greatest change in the ratio is seen in pFIN13 as a 5.5-fold increase, 

suggesting a larger impact on 13a relative to Flt-1 in this construct.  Thus, even 

though expression of the Flt-1 exon 13/ exon 14 junction appeared to be enhanced 

with reduced upstream exon size in the minigene constructs (Chapter 3), a greater 

relative elevation of the 13a/14 splice product levels remained possible with U2AF65 

overexpression in pGIN13. 

 

Flt-1 Mutants + U2AF65.  To identify cis elements in the Flt-1 minigene that 

may be permissive or required for the effect of U2AF65 on the 13a splice, pFIN13 

mutants were transiently co-transfected with pcDNA-no Neo (as a control) or pcD-

U2AF65-no Neo.  After 48 hours, cell lysates were harvested, total RNAs were 

isolated, and cDNAs synthesized.  Figure 5.4A shows the results of QPCR analysis 

for the exon 13a/ exon 14 junction, normalized to NeoR and calculated relative to 

pFIN13 or mutant transfectants without U2AF65 co-expression.  Mutation of the 5’ 

splice signal, a site not directly involved in the exon 13a/ exon 14 splicing event, had 

no effect on manifestation of the U2AF65 enhancement of exon 13a/ exon 14 product 

levels.  The C/U Alt mutation, which had a modest potentiating effect on the exon 13/ 

14 product (Chapter 3 and Roche MS thesis, 2000), likewise did not impair or 

enhance the U2AF65 effect on the exon 13a/ exon 14 splice product.  However, the 

magnitude of the U2AF65 effect was reduced by ~10-fold with G/A PPy mutation, 

indicating that, as expected, a functional PPy tract is necessary to elicit the U2AF65 

effect.  Interestingly, the intronic cleavage/polyadenylation mutant 5/NC/6, shown 

previously to promote levels of the exon 13/ 14 product, here was associated with a 

3-fold lower U2AF65 effect on exon 13a/ exon 14 product compared to pFIN13.  The 

pFIN13-no A construct likewise showed a 2.3-fold reduction in the magnitude of the 

U2AF65 effect, possibly reflecting the reduction in expression already noted with 
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other processing products (Chapter 3).  When levels of the exon 13a/ exon 14 

product were normalized first to levels of the Flt-1 (exon 13/ exon 14-spliced) product 

prior to comparison to the null-vector co-transfectant, the same pattern of U2AF65 

effects appeared (Figure 5.4B). 

U2AF65 overexpression had no significant effect on the 5’UTR: Flt-1 ratio in 

cells co-transfected with pFIN13 or any of pFIN13 mutants tested (Figure 5.4C).  The 

pFIN13-no A construct showed a dramatic drop in the 5’UTR: Flt-1 ratio owing to the 

deletion of the 5’UTR target sequences from the construct.  The appearance of 

detectable 5’UTR/ exon 14 splice product in the co-transfectants may reflect the 

occurrence of trans-splicing, although this possibility was not explored in detail.  Only 

small differences can be seen in the sFlt-1: Flt-1 ratio as a consequence of U2AF65 

overexpression (Figure 5.4D).  The G/A PPy mutation exhibited a 2.5-fold increase in 

sFlt-1: Flt-1 ratio associated with pcD-U2AF65-no Neo co-transfection, but it should 

be noted that this analysis is confounded by the fact that the sFlt-1-directed QPCR 

reagents also should be capable of measuring cDNAs derived from the exon 

13a/exon 14 splice product (Figure 4.10). 

 

pFIN13 + U2AF65 Mutants.  In addition to examining cis elements involved in 

eliciting the U2AF65 effect, we wanted to know which elements of U2AF65 protein 

were necessary (Figure 5.2).  Mutations were made to U2AF65 by generating 

deletions in the construct via restriction digests, using termination linkers, or using 

the 2-round PCR method.  Deletions were made to remove the SR domain, half of 

the SR domain with the proline rich region, the first 2 RRMs, the third RRM, or all 

three RRMs.  In addition to changing U2AF65, CMV intron A was also removed as 

means to look at the effect of a lower level of overexpression (based on earlier 

pFIN13-noA results).  To confirm expression of the modified U2AF65 proteins, each 

of these constructs was transiently transfected into HEK293 cells.  Cell lysates were 

harvested at 48 hours post transfection and fractionated on a SDS-PAGE gel.  This 

gel was probed with an U2AF65 antibody reactive with the N-terminus to check for 

protein expression (Figure 5.5A); this antibody was chosen since its epitope should 

be preserved in all U2AF65-containing constructs.  As shown previously (Figure 4.1), 

transfection with a vector encoding the wild-type U2AF65 yielded a faint but 
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detectable increase in an immunoreactive species of Mr ~65.  All but the two 

exogenous proteins predicted to be the smallest (ΔRRM 1-2, ΔRRM 1-3) show bands 

of the expected size as well as a band running where the native U2AF65 was 

predicted to be.  As expected, no increase was noted in the pcD-U2AF-noA 

transfectants.  As a supplement to the Western blot, end-point RT/PCR with gene-

specific primers was done to check for mRNA expression in cells co-transfected with 

pFIN13 and the mutated or non-mutated U2AF65.  In this case, detectible expression 

of the N-terminal epitope region is present (BH302/ BH484).  Using two other sets of 

primers (BH302/ BH485 and BH302/ SP6) all of the cDNAs show bands at the 

correct predicted size with primers (Figure 5.5B).   

To evaluate the effect of U2AF65 mutations on modulating Flt-1 RNA 

processing, cDNAs from co-transfected cells were subjected to QPCR for levels of 

the exon 13a/ exon 14 splice product.  Interestingly, the construct predicted to induce 

a lower level of U2AF65 overexpression still induces the same increase (5.6-fold) in 

exon 13a/ exon 14 splice product expression relative to Flt-1 as does the wild-type 

U2AF65 (5.2-fold) when compared to pFIN13 co-transfected with pcDNA-Int A (Figure 

5.6).  Removal of either the SR or the SRC-Pro elements eliminated the U2AF65 

effect completely.  Removal of RRM1-2 produced a small increase in 13a: Flt-1 that 

was not statistically significant, whereas removal of RRM 3 only partially reduced the 

ability of U2AF65 co-transfection to increase the 13a: Flt-1 ratio (down to 2-fold over 

pcDNA-IntA-no Neo).  When all 3 RRMs were removed, the 13a: Flt-1 ratio was 

reduced to 3-fold below that in the wild-type co-transfectants.   

 

Discussion 

 Studies described in this chapter sought to shed light upon the mechanism 

behind the alternative splicing of Flt-1 mRNA by the overexpression of U2AF65.  The 

potential roles of exon definition, Flt-1 cis elements, and U2AF65 protein domains 

were examined experimentally.  Unlike the exon 13/ exon 14 product, the 

appearance of the exon 13a/ exon 14 splice product (measured by QPCR) was not 

increased by reducing upstream exon size; on the contrary, the 13a: NeoR ratio 

declined with decreasing exon size.  Still, the detection of a nearly 5-fold increase in 
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the exon 13a/exon 14 product in pGIN13, the most “physiologic” of our mini-gene 

constructs, suggests that this alternative splice form is not simply an artifact of the 

experimental system.  This view is further supported by the detection of the exon 

13a/ exon 14 junction in mouse lung cDNA (Chapter 4).  Whatever the role of exon 

definition in U2AF65-induced exon 13a/ exon 14 splicing may be, it is likely to be 

different from the role it plays in exon 13/ exon 14 splice site recognition (Chapter 3).  

U2AF65 also induced 13a expression in the pFIN-no A construct where overall 

reduced expression of all Flt-1 processing products occurred.  The absence of a 

requirement for an upstream intron indicates that misrecognition of the upstream 

exon cannot account for the appearance of the 13a splice form. 

We did find out that the intron 13 5’ splice donor site is not required to obtain 

the 13a splice.  This is most likely due to the use of an alternate 5’ splice donor site 

about 1kb downstream of the exon 13/ intron 13 junction.  Our two PPy tract 

mutants, shown previously to maintain the strength of the PPy tract or reduce it, have 

the predicted result on 13a; since the 3’ splice acceptor site is unchanged in the 13a 

splice, we would predict that the 13a splice product would be affected similarly to that 

of Flt-1 even with U2AF65 overexpression.  This was, in fact, the case for the C/U Alt 

mutation, which had only minor effects on both of the exon 13/ exon 14 and exon 

13a/ exon 14 splice products.  However, the G/A PPy mutation had a much smaller 

increase in 13a with U2AF65 overexpression than did pFIN13, suggesting that the 

13a splice may be more sensitive to PPy composition than the exon 13/ exon 14 

splice.  Finally, when the cleavage/polyadenylation site used for Long sFlt-1 mRNA 

production was altered (pA 5/NC/6 mutation), we saw an increase in 13a: Flt-1 ratio 

to about the same extent as with the pFIN13-no A construct.  One possible reason 

that this could have happened may be due to interference between the spliceosome 

and the cleavage/polyadenylation machinery.  However, we would have anticipated 

that by mutating this region and thus preventing the cleavage/polyadenylation 

machinery from binding that U2AF65 would have been more able to bind to the PPy 

tract and allow splicing to occur more readily.  It is certainly clear that U2AF65 elicits a 

processing specific response in exon 13a/ exon 14 splice over the other processing 

products.   
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Mutations which altered the expression of U2AF65 itself produced interesting 

results.  Using our U2AF65 construct which does not contain CMV intron A, we were 

able to establish that a small increase in expression of U2AF65 is enough to elicit a 

response of the same intensity as that of the wild-type U2AF65.  Deletions near the 

N-terminus of U2AF were made to remove the SR domain (involved in U2AF35 

interactions; Banerjee et al., 2004; Kellenberger et al., 2002; Selenko et al., 2003;) or 

half of the SR domain plus the proline rich region (involved in U2AF35 interactions; 

Kellenberger et al., 2002; Selenko et al., 2003).  Both mutations affecting the SR 

domain abolished enhancement of 13a: Flt-1 expression by U2AF65 overexpression.  

It should be noted that immunoreactive protein was detected in cells transfected with 

plasmids encoding each of these mutants, although we have no information on their 

subcellular distribution.  The SR and proline-rich regions have been shown to interact 

with U2AF35 (Kellenberger et al., 2002; Selenko et al., 2003) or U2 snRNA and the 

branch point (Valcarcel et al., 1996).  This implies necessary interaction with U2AF35 

for the U2AF65 effect on splice selection and that U2AF35 may play an even greater 

role in the splicing process than initially thought.   

If we remove all three RRM domains, we eliminate the 13a U2AF65 effect and 

actually decrease expression below the level seen in pFIN13.  This could be due to a 

“dominant negative” action of the U2AF fragment, by which association of the 

dysfunctional U2AF65 with other spliceosomal proteins prevents them from 

interacting with the native functional U2AF65.  However, when we remove only the 

third RRM (involved in SF1 interaction; Banerjee et al., 2004; Selenko et al., 2003; 

Valcarcel et al., 1996), we return 13a:Flt-1 expression to half of the level seen with 

the non-mutated, overexpressed U2AF65.  Because RRM3 is thought to interact with 

SF1 (Selenko et al., 2003), it is possible that U2AF65 interaction with U2AF35 and the 

PPy tract is enough to elicit much of the 13a: Flt-1 response.  Additionally, by 

removing only RRMs 1 and 2 (involved in binding the PPy tract; Banerjee et al., 

2004; Selenko et al., 2003), we largely eliminate the increase in 13a: Flt-1 ratio.  This 

leads us to believe that U2AF65 must interact with the PPy tract to function in the 

13a-selective splicing reaction and serves a bigger purpose than simply providing a 

scaffold for other spliceosomal proteins.   
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Possible mechanisms of the U2AF65 effect.  By binding the RNA at the PPy 

tract, U2AF65 may alter the configuration of the spliceosome or the RNA to favor 

splicing of exon 13a/ exon 14 over that of exon 13/ exon 14.  U2AF65, when 

overexpressed, could elicit a response producing 13a splice product through 

increased U2AF65 binding to the PPy tract thus decreasing the ability of 

cleavage/polyadenylation products from interacting at the 3’ long sFlt-1 

cleavage/polyadenylation site.  It could also decrease binding of PTB by out-

competing the protein at the PPy tract.  Overexpression may increase non-specific 

binding and thus out-compete PTB for other binding sites since the binding site is 

similar for both proteins (UUUYYYYUNU for U2AF65, Wu et al., 1999; and UCUU, 

UUCU or UCUCU for PTB, Amir-Ahmady et al., 2005; Oberstrass et al., 2005).  

Overexpression may increase U2AF65 interaction with U1 at the 5’ splice donor site 

and increase its ability to bind at that location and therefore increase splicing.  Forch 

et al. (2003) discuss how U2AF65 recruits U1 to the 5’ splice site and interacts with 

U1 at its SR domain.  It may increase non-specific binding to alternate splice donor 

sites by interacting with U1.  It may enhance exon bridging.  We could expect a 

decrease in 5’UTR in pFIN13 and possibly pFIN13-Delta and maybe the greatest 

increase of 13a in pGIN13 if this were the case, however.  Further studies are 

necessary to determine if the U2AF65 effect is due to secondary structure, protein-

protein interactions or protein-RNA interactions.   
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Figure 5.2.  Structure of U2AF65 and generated mutants.  Predicted 
protein structure for wild-type U2AF65 and mutations generated by 
internal deletions, truncations, or PCR.  SR= serine/argenine rich 
region; Pro= proline-rich region; RRM= RNA recognition motif.  
Epitopes for both U2AF65 antibodies used are shown.   
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Figure 5.3 A and B.  Effect of changing upstream exonic element size on “13a” 
splice expression displayed as 13a: NeoR (A) and 13a: Flt-1 (normalized to NeoR) 
(B).  QPCR results from three individual replicate co-transfections.  (p<0.05). 
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Figure 5.4 A and B.  Effect of pFIN13 PPy or 5’SS mutation on “13a” splice 
product displayed as 13a: NeoR (A) and 13a: Flt-1 (normalized to NeoR) (B).  
QPCR results from three individual replicate co-transfections.  (p<0.05). 
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Figure 5.4 C and D.  Effect of pFIN13 PPy or 5’SS mutation on “13a” 
splice product displayed as 5’UTR: Flt-1 (C) and sFlt-1: Flt-1 (normalized to 
NeoR) (D).  QPCR results from three individual replicate co-transfections.  
Statistical analysis not done. 
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A.  Western blot results from U2AF65
mutants co-transfected with pFIN13.  
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Figure 5.5 A and B.  Expression of wild-type and mutant U2AF65.  A.  Western 
blot using N-terminal U2AF65 antibody (sc-19958).  B.  End-point RT/PCR.  M= 
Markers, Wild-Type = U2AF65 without mutations, NC= Negative control pcDNA-Int 
A (western blot) Wild-Type no RT (PCR).  All plasmids co-transfected with 
pFIN13. 
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Figure 5.6.  Effect of wild-type and mutant U2AF65 on “13a” splice product.  
QPCR results from three independent replicate co-transfection experiments.  Data 
expressed as 13a: Flt-1 ratio (normalized to NeoR) (p<0.05). 
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Chapter 6 .  General Discussion 
 

Controlling angiogenesis is important in both physiological and pathological 

processes.  Understanding the regulation of sFlt-1 could allow us to have the ability 

to manipulate either sFlt-1 or Flt-1 expression, and thus would give us the ability to 

control, at least in part, the regulation of angiogenesis.  To test our initial hypothesis, 

that the RNA and protein factors that are responsible for splicing and cleavage/poly-

adenylation compete for binding and processing of Flt-1 pre-mRNA transcripts, we 

wanted:  (1) to determine the role of Flt-1 intron 13 splicing determinants in exon 

splice selection and sFlt-1 cleavage/polyadenylation site usage, (2) to assess the 

relationship between the sFlt-1: Flt-1 mRNA ratio and the abundance of selected 

RNA processing factors, and (3) to map domains of pFIN13 and U2AF65 involved in 

enhanced expression of a novel Flt-1 “exon 13a” splice variant, predicted to encode 

a novel sFlt-1 protein isoform.   

To address the potential role of exon definition in Flt-1 expression, pFIN13-

Delta and pGIN13 were developed to examine the effect of upstream exon size on 

relevant sFlt-1 and Flt-1 mRNAs.  The findings that the 5’UTR/ exon 14 spliced 

mRNA was decreased, and the exon 13/ exon 14 spliced mRNA was increased as 

upstream exon size was reduced, are consistent with the prediction that exon 

definition is a significant factor in successful processing of pre-mRNA to a form that 

would encode transmembrane Flt-1.  The decreases in sFlt-1 expression and in the 

sFlt-1: Flt-1 ratio that accompany decreasing upstream exon size indicate further that 

exon size secondarily may affect production of the inhibitory sFlt-1 protein.  In 

summary, formation of the exon 13/ exon 14 junction and, indirectly, survival of the 

exon 13/ intron 13 junction, in mini-gene transfectants appears to be strongly 

influenced by the length of the upstream exonic element. 

In view of the apparent strong influence of upstream exon recognition on Flt-1 

processing products, we examined whether the removal of the CMV Intron A would 

affect the balance between exon 13/ exon 14 splicing and intronic cleavage/poly-

adenylation.  The decrease in overall expression is consistent with those of Xu et al. 

(2001) and Goldman et al. (1998) who reported that the presence of an upstream 

intron can markedly increase gene expression, as indicated by steady state mRNA 
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levels.  The presence of the upstream intron could potentially impact expression by 

allowing an opportunity for exon bridging.  In summary, the absence of an effect of 

the upstream intron on the sFlt-1: Flt-1 ratio is consistent with reduced opportunity for 

exon bridging in transcripts derived from pFIN13. 

A third critical parameter involved in splice site recognition, the 5’ and 3’ 

splice recognition signals, in concert with the branch point and exonic or intronic 

enhancers/ suppressors, are believed to be the principal determinants of where 

splicing occurs (Lear et al., 1990; Penotti, 1991; Reed and Palandjian, 1997).  

Mutations which were made to the PPy tract looked to determine efficacy of this cis 

element.  Results showed a consistency in directionality between the different splice 

products (Flt-1 and 5’UTR) as well as the cleavage/polyadenylation products (sFlt-1 

and Long sFlt-1).  Expression of the two cleavage/polyadenylation products, 

although not greatly changed with the PPy tract mutations, did not appear to always 

be changed in the same manner, possibly due to RNA processing factor interaction 

with the PPy tract impeding the use of the downstream cleavage site utilized for Long 

sFlt-1 expression.  These results do tend to argue that the PPy tract of intron 13 is 

stronger than originally anticipated; however, intronic splice signals were critical to 

Flt-1 mRNA expression while having at best a small reciprocal impact on sFlt-1.  

Results from previous studies in this laboratory had seen marked increases in Flt-1 

mRNA expression which accompanied significant decreases in sFlt-1 mRNA (Huckle 

and Roche, 2004).  The differences in relative expression are a puzzle.  One 

explanation could be varying amounts of starting mRNA and differences in mRNA 

stability.  If levels of sFlt-1 mRNA far exceed that of Flt-1 in the pFIN13 transfectants, 

then a large decrease in the number of Flt-1 mRNA copies upon mutation (eg. from 

100 to 2 copies) would appear as a more profound percentage change than the 

reciprocal increase in copies of sFlt-1 mRNA (eg. from 500 to 598).  Another 

potential contribution to the asymmetric changes in expression could be due to the 

detection of the 13a splice by the sFlt-1 QPCR reagents.  Changes occurring in the 

exon 13a/ exon 14 junction could be masking the effects on the cleaved/poly-

adenylated sFlt-1 mRNA.  In summary, changing the potential for RNA processing 

factors to bind to the Flt-1 intron 13 PPy tract (by mutation of cis sequences) did not 

have a strong or consistent effect on intron 13 cleavage/polyadenylation site 
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selection.  These findings do not support the notion that that processing factor 

complexes responsible for splicing and cleavage/polyadenylation compete sterically 

for binding to Flt-1 transcripts.  Taken together, however, the results support the idea 

that determinants of exon 13/ exon 14 splicing efficiency can influence sFlt-1 mRNA 

expression and responsiveness to VEGF, by governing the balance between sFlt-1 

and Flt-1. 

Although steric interference between cleavage/polyadenylation and splicing 

machinery is not supported by results presented above, the idea of competition is not 

completely ruled out.  In addition to determining the relevance of cis elements, we 

compared the relative expression of RNA processing factors to that of our relevant 

Flt-1 processing products.  This would help us to determine if the amount of 

processing factor was partially responsible for the changes we were seeing in the 

relative expression of the various Flt-1 mRNAs.  We examined native human sFlt-1 

and Flt-1 expression non-transfected HEK293 and undifferentiated or differentiated 

THP-1 cells, as well as detected native expression of two RNA processing factors, 

U2AF65 and PTB.  We saw an increase in the PTB: U2AF65 ratio with PMA treatment 

which corresponded to an induction in expression of both Flt-1 and sFlt-1 in THP-1 

cells.  Seeing a change in relative expression of RNA processing factors encouraged 

us to examine expression pattern of murine Flt-1 relevant processing products when 

RNA processing factors were overexpressed.  Our results here, although not entirely 

consistent with our initial predictions, do support the conclusion that changes in 

relative expression of RNA processing factors do impact the expression of relevant 

Flt-1 processing products.  In summary, the relative amount of RNA processing 

factors can impact the balance of expression between sFlt-1 and Flt-1 expression.  

This does support the idea of competition, however not necessarily in the fashion of 

physical interference. 

Overall, results from the first two aims of our hypothesis do support the idea 

of competition, although not sterically, between cleavage/polyadenylation and 

splicing machinery.  However, the discovery of the cryptic exon 13a/ 13b splices 

suggest that our initial hypothesis of a competition between splicing and 

cleavage/polyadenylation does not ask the right question, but rather directs us to ask 

now if there is a competition between two different splicing events.   
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The 13a and 13b cryptic splices would both, theoretically, produce sFlt-1 

protein (both contain in-frame translation stop codons within “intron” 13) while 

resembling Flt-1 mRNA.  These mRNAs potentially retain similar cellular localization/ 

transportation and degradation properties to that of the full-length Flt-1.  Detection of 

expression of all three splice products (13/14, 13a/14 and 13/13b/14) in mouse lung 

tissue is critical because it shows a native sFlt-1 mRNA structure that closely 

resembles that of Flt-1 mRNA.  This could potentially be an additional way that the 

body would produce sFlt-1 protein where the sFlt-1 mRNA might be treated like Flt-1 

mRNA in terms of cellular localization and mRNA stability and thus may be an 

additional point of competition between sFlt-1 and Flt-1. 

Additionally, specific enhancement of the exon 13a/ exon 14 splice product 

by overexpression of U2AF65 encourages us to re-examine the idea of the 

abundance of RNA processing factors on sFlt-1 expression.  Studies designed to 

elucidate the possible mechanism behind the alternative splicing of Flt-1 mRNA by 

the overexpression of U2AF65 examined the possible roles of exon definition, Flt-1 

cis elements, and U2AF65 protein domains.  Unlike the exon 13/ exon 14 product, the 

appearance of the exon 13a/ exon 14 splice product was not increased by reducing 

upstream exon size differentiating the role of exon definition in U2AF-induced exon 

13a/exon 14 splicing from that in exon 13/exon 14 splice site recognition (Chapter 3).  

The U2AF65 induced 13a expression in the pFIN-no A construct shows the absence 

of a requirement for an upstream intron, thus indicating that misrecognition of the 

upstream exon cannot account for the appearance of the 13a splice form.  Of the 

other cis elements tested, the exon 13 5’ splice site is not required to obtain the 13a 

splice, while a functional PPy tract is.  Altering the cleavage/polyadenylation site 

used for Long sFlt-1 mRNA increased the 13a: Flt-1 ratio potentially supporting 

interference between the spliceosome and the cleavage/polyadenylation machinery.  

However, we would have anticipated that by mutating this region and thus preventing 

the cleavage/polyadenylation machinery from binding that U2AF65 would have been 

more able to bind to the PPy tract and allow splicing to occur more readily.  It is 

certainly clear that U2AF65 elicits a processing specific response in 13a splice over 

the other processing products.   
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Mutations altering U2AF65 established that large increases in U2AF65 

overexpression were unnecessary in eliciting the exon 13a/ exon 14 splice response.  

Furthermore, mutations which removed the theoretical U2AF35 binding domains 

abolished enhancement of 13a: Flt-1 expression by U2AF overexpression, implying 

necessary interaction with U2AF35 for the U2AF65 effect (Banerjee et al., 2004; 

Kellenberger et al., 2002; Selenko et al., 2003).  Removal of the PPy binding and 

SF1 binding domains of U2AF65 decrease expression below the level seen in 

pFIN13, possibly acting in a “dominant negative” fashion, by which association of the 

dysfunctional U2AF65 with other spliceosomal proteins could prevent them from 

interacting with the native functional U2AF65.  However, removal of the RRM involved 

in SF1 interaction returned the exon 13a/ exon 14 splice to half-normal expression 

suggesting that interaction with U2AF35 and the polypyrimidine tract is enough to 

elicit much of the 13a: Flt-1 response (Banerjee et al., 2004; Selenko et al., 2003; 

Valcarcel et al., 1996).  Additionally, removal of only RRMs involved in binding the 

polypyrimidine tract and increasing the 13a: Flt-1 ratio suggests that U2AF65 must 

interact with the PPy tract to function in the 13a-selective splicing reaction and 

serves a bigger purpose than simply providing a scaffold for other spliceosomal 

proteins (Banerjee et al., 2004; Selenko et al., 2003).   

 

Limitations of experimental interpretation and further studies.  It should 

be noted that interpretation of the experiments reported here are subject to a number 

of limitations.  It is important to remember that the specificity of QPCR allows us to 

detect only a small region of the cDNA for each target analyzed.  This could prevent 

us from viewing the “big picture” of full length mRNAs that is more accessible 

through techniques such as Northern blotting or RNAse protection assays.  In our 

experiments, while we limit the number of variables examined at one time, we also 

reduce the ability to view a more native experimental environment.  This is especially 

true in experiments where one RNA processing factor was changed.  In cells, the 

likelihood of only one element being changed is slim.  It is more realistic to believe 

that in addition to possible changes in, say, one of the five RNA processing factors 

studied here there would also be changes in the protein scaffolding of the processing 

machinery and availability of pre-mRNA transcripts.   



 

 105

We are viewing snapshots of these events and their outcomes, and typically 

have assumed that relative steady-state mRNA levels are indicative of relative rates 

of mRNA formation.  To really be able to understand the regulation of Flt-1 and sFlt-1 

expression, we need to obtain more pictures to be able to put the whole story 

together.  Experiments undertaken here have not allowed us to determine if the 

binding efficiencies of RNA processing factors changes as mutations are made.  

Additional experiments which were initially part of this work included in vitro 

processing assays to examine rates of processing of these products.  In vitro binding 

assays would allow us to determine binding affinities of PPy tract binding proteins, 

U2AF65 and PTB, to mutated PPy tracts to see if the decreases in expression are 

due to decreases in binding affinity.  Future studies would also include determining 

rates of decay of the relevant Flt-1 processing products.  This would allow us to see 

if the sFlt-1 mRNA which contains the cryptic 13b exon and appears to be similar to 

that of the full-length Flt-1 mRNA in structure is also similar in its rate of formation 

and degradation.  Quantifying abundance of these different mRNA products may 

also allow us to determine the importance of each of them.  If, for example, the 13b 

mRNA is more abundant than the sFlt-1 mRNA cleaved/polyadenylated within intron 

13, we might speculate that this is the primary mRNA leading to sFlt-1 protein.  

Knowing this would allow us to focus on determining the points of regulation of the 

abundant mRNA form rather than a non-abundant form.  Another important question 

to answer is if the cryptic splice which we predict to code sFlt-1 protein actually 

produces sFlt-1 protein and if it is functional.  If these novel forms of sFlt-1 mRNA do 

not produce protein then understanding their function may be less important.  

Another point to note is the potential occurrence of nonsense mediated decay which 

may result from the use of a non-native translation stop site.  In addition, determining 

cellular localization of each of the relevant Flt-1 processing products may also give 

insight into how each functions within the cell.  Although not discussed in detail here, 

transcription rates and the involvement of potential transcription pause sites may 

also differ between Flt-1 and sFlt-1 pre-mRNAs and could also be a point of 

regulation (Peterson et al., 2002).  If the cryptic 13a/13b forms of sFlt-1 mRNA code 

for functional sFlt-1 protein, and it retains the functional characteristics of the 

truncated sFlt-1 protein while maintaining Flt-1 mRNA characteristics, it is possible 
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that there is an even greater competition occurring in cells.  This could be an 

additional way in which cells prevent the effects seen with VEGF binding to Flt-1 or 

KDR. 

 
Possible mechanisms by which RNA processing factor abundance 

effect Flt-1 processing.  Although steric interference has not been supported by 

results presented here, there may still be competition.  We now have to ask if it is a 

competition between splicing events and further between splice enhancing and 

inhibiting proteins, such as U2AF65 and PTB.  By binding the RNA at the PPy tract, 

PTB or U2AF65 may alter the configuration of the spliceosome or the RNA to favor 

splicing of one product over another.  U2AF65, when overexpressed, may decrease 

binding of PTB by out-competing the protein at the PPy tract and vice versa.  

Overexpression may increase non-specific binding and thus out-compete PTB for 

other binding sites since the binding site is similar for both proteins (UUUYYYYUNU 

for U2AF65, Wu et al., 1999; and UCUU, UUCU or UCUCU for PTB, Amir-Ahmady et 

al., 2005; Oberstrass et al., 2005).  Overexpression may increase U2AF65 interaction 

with U1 at the 5’ splice donor site and increase its ability to bind at that location and 

therefore increase splicing through exon bridging.  Forch et al. (2003) discuss how 

U2AF65 recruits U1 to the 5’ splice site and interacts with U1 at its SR domain.  It 

may increase non-specific binding to alternate splice donor sites by interacting with 

U1.  It has been established that PTB can affect splicing through binding pyrimidine 

rich sequences often, but not always, found in PPy tracts (Amir-Ahmady et al., 2005).  

It is possible that there are such regions elsewhere in the Flt-1 gene that would serve 

as binding sites for PTB.  If this is true, then it is possible that PTB could not only 

interfere with splicing, but also cleavage/polyadenylation.  Further studies are 

necessary to determine if the U2AF65 effect is due to RNA secondary structure, 

protein-protein interactions or protein-RNA interactions.  It would be interesting to 

determine if there are similar reverse effects when expression is decreased through 

siRNA experiments. 

In addition to abundance of RNA processing factors, other elements may also 

be playing a role in Flt-1 RNA processing.  Exonic splicing enhancers (ESEs) or 

suppressors (ESSs) help to define the coding sequences as such and act as binding 
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sites for SR proteins (SF2/ASF, SC35, SRp55, SRp40) (Ibrahim et al., 2005).  When 

these bind, it is thought that they enhance splicing by several means including 

creating a secondary structure that would include or exclude an exon, inhibiting use 

of a cleavage-polyadenylation signal, or creating a scaffold for other RNA processing 

factors (Forch et al., 2003; Ibrahim et al., 2005; Robberson et al., 1990).  Other 

regulatory sites of interest include exonic splicing silencers, intronic silencers and 

enhancers, all of which could affect the processing of the Flt-1 gene.  Further, the 

PPy tract is essential for the efficient recognition of the 3’ splice site and branch point 

utilization (Roscigno et al., 1993).  Several RNA processing factors, including 

U2AF65, PTB and hnRNP C, are thought to bind the PPy tract directly (Conte et al., 

2000; Roscigno et al., 1993; Sinhg et al., 1995; Wagner and Garcia-Blanco, 2001; 

Will and Luhrmann, 1997) and influence the interaction of serine-arginine rich (SR) 

proteins with the pre-mRNA (Will and Luhrmann, 1997).  Functionality of the PPy 

tract could be influencing effective use of any intronic or exonic splice enhancer or 

silencer and vise versa and is a source of further investigation. 

 

Through this research we were able to determine that numerous factors likely 

regulate the processing of Flt-1 mRNA.  In addition to cis acting elements within intron 

13 of the Flt-1 gene, the size of the upstream exonic element and the presence of an 

upstream intron impact the level of expression.  One of the more remarkable results 

from this research was obtained when the amount of RNA processing factors was 

adjusted.  Although results do not support the concept of steric interference, they do 

encourage further examination of the idea of competition, however not in the same 

manner as initially proposed.  We can conclude that regulation of sFlt-1 and Flt-1 may 

still be through competition between RNA processing events.  However, this may be a 

competition between two splicing events instead of a splicing event and a 

cleavage/polyadenylation event.  Both cis and trans elements involved in RNA 

processing play a role in the regulation of sFlt-1 and Flt-1 expression.  And, most 

importantly, there appears to be an additional way to produce sFlt-1 protein where the 

mRNA more closely resembles that of Flt-1.  Raising the question, is production of Flt-

1 really the preferred event since there is only one way to produce the coding mRNA 

while there are several which would code for sFlt-1?   
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Overall, researchers in this laboratory are attempting to shed light on the 

mechanism of sFlt-1 expression regulation.  Previous studies in our laboratory using 

mini-gene (pFIN13) transfectants revealed that processing within intron 13 can affect 

Flt-1 splicing activity, since deletions or point mutations of cleavage/polyadenylation 

signals that produced significant decreases in sFlt-1 mRNA were associated with 

increased exon 13-exon 14 splicing (Huckle and Roche, 2004).  Further research in 

this laboratory concluded that the polypyrimidine tract at the 3' end of mouse Flt-1 

intron 13 is of intermediate strength as a splicing signal (Roche MS Thesis, 2002).  

The conclusion that numerous factors likely regulate the processing of Flt-1 mRNA is 

supported by evidence presented here.  We can further conclude that regulation of 

sFlt-1 and Flt-1 may be through competition between two splicing events.  Both cis 

and trans elements involved in RNA processing play a role in the regulation of sFlt-1 

and Flt-1 expression.  All of these conclusions are important because having the 

ability to manipulate either sFlt-1 or Flt-1 expression would mean having the ability to 

control responsiveness to VEGF and, at least in part, the regulation of angiogenesis.  

This would mean control of angiogenesis in diseases such as arthritis, diabetes, and 

cancer.  While antiangiogenic therapy remains a growing field, adding to the 

knowledge base being used to study its regulation only adds further advancement in 

our ability to treat several life threatening diseases. 
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Chapter 8 .  Appendices 
 

Appendix A.  General Materials and Methods 

Construct Design and Generation 

1.  DH5α Transformation and TE Lyaste generation for PCR screening: 

Ligation mixtures (3 μl) were transformed into a 50 μl suspension of 

chemically competent DH5αcells (Subcloning Efficiency™, Life Technologies™) on 

ice for 30 minutes.  The cells were then heat-shocked at 37oC for 20 seconds before 

returning to ice for 2 more minutes.  Nine hundred and fifty μl of S.O.C. medium (Life 

Technologies™) was added to the cells and incubated at 37oC for 1 hour.  One 

hundred μl of this mixture was then spread onto a 100 mm LB-amp plate (Luria-

Bertani [LB] agar plus ampicillin at 0.1 mg/ml).  Plates were then incubated overnight 

at 37oC.  Multiple colonies were picked from each plate and inoculated into a 1ml LB-

amp broth culture (LB broth plus ampicillin at 0.1 mg/ml).  These were then 

incubated overnight at 37oC with shaking (250 rpm).  Two hundred μl of each LB-

amp culture was removed to 1.5-ml tubes and centrifuged (14,000 x g, at room 

temperature) for 5 minutes.  The supernatant was aspirated and the cells were 

resuspended in 100 μl 1x TE and heated at 95oC for 5 minutes.  One μl of the TE 

lysate was then used in a polymerase chain reaction (PCR) for screening purposes.   

2.  PCR Colony Screening: 

Clones were screened by four-stage PCR (Appendix E, Program 1).  Each 

reaction contained final concentrations of 0.25 μM for each primer, 200 μM dNTPs*, 

1.5 mM MgCl2*, 0.5 units Taq DNA polymerase*, and Tris HCl based buffer* 

(containing ammonium sulfate, KCl, and MgCl2 optimized for highly specific binding, 

pH 8.7 at 20oC) (* are contained within 1x Taq PCR Master Mix, QIAGEN) and was 

brought to 20 μl with DNase/RNase free water (Appendix E, Program 1 reaction 

conditions).  Reaction products were fractionated on 1.2% agarose gel and stained 

as previously described. 
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3.  Plasmid Purification: 

The LB-amp culture that gave rise to a PCR positive product was streaked 

onto LB-amp plate and incubated overnight at 37oC.  One well-isolated colony per 

plate was used to inoculate a 100 ml LB-amp culture and was incubated overnight at 

37oC with shaking (250 rpm).  A 350 μl sample from the 100 ml culture was mixed 

with 350 μl of 50% glycerol and frozen at –70oC for archival purposes.  The balance 

of the culture was centrifuged at 6,000 x g for 15 minutes.  The supernatant was 

decanted, and the pellet resuspended in 4 ml of 50 mM Tris-Cl (pH 8.0), 10 mM 

EDTA, and 100u g/ml RNase A. Four ml of lysis buffer (200 mM NaOH and 1% SDS 

[w/v]) was added and incubated at room temperature for 5 minutes.  Four ml of 

chilled neutralization buffer (3.0 M potassium acetate, pH 5.5) was added, mixed by 

inversion, and incubated on ice for 15 minutes.  The mixture was centrifuged at 

20,000 x g for 30 minutes at 4oC.  The supernatant was removed and recentrifuged 

at 20,000 x g for 15 minutes at 4oC.  A QIAGEN-tip 100 column was equilibrated with 

4 ml of a buffer containing 750 mM NaCl, 50 mM MOPS (pH 7.0), 15% isopropanol 

(v/v), and 0.15% Triton® X-100 (v/v).  Supernatant was applied to the equilibrated 

column and allowed to enter the resin by gravity flow.  The column was washed twice 

with 10 ml of a wash buffer containing 1.0 M NaCl, 50mM MOPS (pH 7.0), and 15% 

isopropanol (v/v).  Elution was done by applying 5 ml of a buffer containing 1.25 M 

NaCl, 50 mM Tris-HCl (pH 8.5), and 15% isopropanol (v/v).  Room-temperature 

isopropanol (3.5 ml) was added to precipitate the eluted DNA.  This was centrifuged 

at 15,000 x g for 30 minutes at 4oC.  The supernatant was removed and the DNA 

pellet washed with 70% ethanol and centrifuged at 15,000 x g for 10 minutes at 4oC.  

The supernatant was removed and the pellet was air dried for 10 minutes.  The pellet 

was redissolved in 200 μl of nuclease-free H2O.  Concentration and purity was 

estimated by absorbance readings at 260 nm and 280 nm ([DNA] μg/ml = A260 x 

dilution factor x 50 μg/ml [extinction coefficient]).  Purified plasmids were stored at 

4oC. 
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4.  HEK-293 Cell Transfection and Harvesting 

a.)  Cell Transfection – Single Transfection Experiments 

Plasmids were transfected into HEK293 cells using a liposomal formulation 

(Mirus TransIT®-293).  Stock T75 flasks of HEK293 cells (ATCC) maintained in 

Dulbecco’s Modified Eagle Medium/10% Fetal Bovine Serum/50 μg/ml Gentamycin 

(DMEM/FBS/Gent) were washed once with 10 ml of Dulbecco’s Phosphate Buffered 

Saline without Ca2+ or Mg2+ (DPBS).  Cells were harvested with 2 ml of DPBS 

containing 6.25μg/ml Trypsin for 10-15 minutes at room temperature.  Trypsin was 

inactivated by the addition of 8 ml of DMEM/FBS/Gent.  Ten-ml of fresh 

DMEM/FBS/Gent was added and the cell suspension was then transferred to a 50-

ml conical bottom tube.  A 100μl aliquot was removed to a 1.5 ml microcentrifuge 

tube for cell counting on a hemocytometer with Trypan Blue staining (0.2% final).  

The remaining cell suspension was then centrifuged at 150 x g in a clinical centrifuge 

for 10 minutes.  The supernatant was aspirated and the cells were resuspended in 

an appropriate volume of fresh DMEM/FBS/Gent.  Individual 60 mm dishes (Corning) 

containing 6 x 105 HEK293 cells in 5 mls DMEM/FBS/Gent were prepared and 

allowed to incubate at 37oC (5% CO2).  When cells became 50-70% confluent 

(typically overnight), the medium was replaced and the cells returned to the incubator 

for 30 minutes.  Two hundred and fifty μl of OptiMEM-I (Life TechnologiesTM) and 9 μl 

of TransIT-293 was mixed in a sterile polypropylene tube and incubated at room 

temperature for 10 minutes.  Three μg of plasmid DNA was added to this mixture 

and again incubated for 10 minutes at room temperature.  The volume of TransIT-

293 is associated with the amount of DNA added to the cells (3μl TransIT-293 / 1μg 

plasmid DNA).  This liposome/DNA mixture was added drop-wise to each dish (~106 

cells) while swirling.  The dishes were then swirled again to distribute the mixture 

evenly and returned to the incubator for 48 hours.   
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b.)  Cell Transfection – Co-Transfection Experiments 

Plasmids were transfected into HEK293 cells using a liposomal formulation 

(Mirus TransIT®-293) in nearly the same fashion as previously described.  Stock T75 

flasks of HEK293 cells (ATCC) maintained in DMEM/FBS/Gent were washed once 

with 10 ml of DPBS.  Cells were harvested, counted, and dishes of cells were 

established as done for the single transfection.  On the day of transfection, 250 μl of 

OptiMEM-I (Life TechnologiesTM) and 12 μl of TransIT-293 was mixed in a sterile 

polypropylene tube and incubated at room temperature for 10 minutes.  During this 

incubation, 2 μg of each plasmid DNA were combined in a 1.5 μl microcentrifuge 

tube and then added to the TransIT-293 mixture and again incubated for 10 minutes 

at room temperature.  As noted earlier, the volume of TransIT-293 is associated with 

the amount of DNA added to the cells (3μl TransIT-293 / 1μg plasmid DNA).  This 

liposome/DNA mixture was added drop-wise to each dish (~106 cells) while swirling.  

The dishes were then swirled again to distribute the mixture evenly and returned to 

the incubator for 48 hours. 

 

c.)  Harvesting of Media 

 Each dish of transfected cells was handled individually.  Media was removed 

and cells were harvested from one dish prior to removing a second from the 

incubator.  Medium was collected from each dish of cells into a 15-ml conical bottom 

tube and centrifuged for 5 minutes at 150 x g to remove cells and debris.  

Supernatant was removed to a clean 15-ml tube.  Once all dishes of cells have been 

handled, the media proceed to the next stage of treatment.  A suspension of heparin-

agarose beads (Sigma®) was washed 2 times with 10 volumes of ddH2O and 

centrifuged for 5 minutes at 150 x g.  The supernatant was aspirated, and ddH2O 

was added 1:1 to the bead pellet.  This mixture was aliquoted to each tube of 

conditioned media supernatant (160 μl suspension/tube).  The media were then 

incubated overnight at 4oC with end-to-end mixing.  The tubes were then centrifuged 

at 260 x g for 10 minutes.  Supernatants were aspirated and the beads were washed 

with 1 ml DPBS, transferred to 1.5-ml microcentrifuge tubes, and centrifuged at 
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14,000 x g.  Supernatants were aspirated and the 15-ml tubes were rinsed with 1ml 

DPBS that is transferred to the pelleted heparin beads in the 1.5-ml tube.  The 1.5-ml 

microcentrifuge tubes were centrifuged at 14,000 x g and the wash was repeated 1 

more time.  The pelleted beads were resuspended with an equal volume of 2x 

Laemmli Sample Buffer (Sigma®) and stored at –20oC. 

 

d.)  Harvesting of Cells 

 For RNA Isolation: Cells were harvested after removal of the medium from 

each dish and washing with 5 ml DPBS.  Six hundred μl of buffer RLT (containing 

guanidine thiocyanate [QIAGEN]) plus 1% β-mercaptoethanol was added to the dish.  

A plastic cell lifter (Costar®) was used to scrape the cells off the dish surface.  Cell 

lysate was then transferred to a centrifugal homogenizer (QIAshredder, QIAGEN).  

Once all dishes were handled, QIAshredders were centrifuged at 14,000 x g for 2 

minutes.  Homogenized lysates were then stored at –20oC. 

 

 For Protein Immunoblot: Cells were harvested after removal of the medium 

from each dish and washing with 5 ml DPBS.  Three hundred μl of 1x sample buffer 

(Diluted 2x Laemmli Sample Buffer from Sigma®) was added to the dish.  A plastic 

cell lifter (Costar®) was used to scrape the cells off the dish surface.  Cell lysate was 

then transferred to a 1.2-ml microcentrifuge tube.  Once all dishes were handled, 

cells were then stored at –20oC. 

 

5.  THP-1 Cell Maintenance and Harvesting 

a.)  Cell Maintenance 

Stock T75 flasks of THP-1 cells (ATCC) were maintained in RPMI 1640 with 

4.5 g/L glucose/1.5 g/L bicarbonate/10mM HEPES/1mM Sodium Pyruvate/10% Fetal 

Bovine Serum/0.05mM β-mercaptoethanol/50 μg/ml Gentamycin (RPMI+).  The cell 

suspension was transferred to a 50-ml conical bottom tube and a 100μl aliquot was 

removed to a 1.5 ml microcentrifuge tube for cell counting on a hemocytometer with 

Trypan Blue staining (0.2% final).  The remaining cell suspension was then 

centrifuged at 150 x g in a clinical centrifuge for 10 minutes.  The supernatant was 



 

 127

aspirated and the cells were resuspended in an appropriate volume of fresh RPMI+.  

THP-1 cells were maintained between 100,000 cells/ml and 800,000 cells/ml.  For 

experiments, approximately 200,000 cells/ml were plated in 5ml of fresh RPMI+ on 

60mm dishes (Corning).  These cells were returned to the incubator and allowed to 

incubate at 37oC (5% CO2) overnight.  After approximately 24 hours, 10μl of DMSO 

or 5μM PMA in DMSO (to a final concentration of 10nM) was added dropwise to the 

dishes with swirling.  The dishes were then returned to the incubator for an additional 

24 hours. 

 

b.)  Harvesting of Media 

 Each dish of transfected cells was handled individually.  Medium was 

removed and cells were harvested from one dish prior to removing a second from the 

incubator.  The cell suspension was collected from each dish of cells into a 15-ml 

conical bottom tube and centrifuged for 5 minutes at 150 x g to remove cells.  

Supernatant was removed to a clean 15-ml tube.  Once all dishes of cells had been 

handled, the media proceed to the next stage of treatment.  At this point, the THP-1 

media is treated the same as that from the 293s and heparin adsorbed.   

 

c.)  Harvesting of Cells 

 For RNA Isolation: Upon removal of the medium from each tube, the cells 

were washed with 5 ml DPBS.  The tubes were centrifuged again for another 5 

minutes at 150 x g and the supernatant carefully removed.  Six hundred μl of buffer 

RLT (containing guanidine thiocyanate [QIAGEN]) plus 1% β-mercaptoethanol was 

added to the tube.  Cell lysate was then transferred to a centrifugal homogenizer 

(QIAshredder, QIAGEN).  Once all dishes were handled, QIAshredders were 

centrifuged at 14,000 x g for 2 minutes.  Homogenized lysates were then stored at –

20oC. 

 

 For Protein Immunoblot: Cells were handled similar to those harvested for 

RNA isolation with the noted differences.  Three hundred μl of 1x sample buffer 

(Diluted 2x Laemmli Sample Buffer from Sigma®) was added to the tube.  Cell lysate 
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was then transferred to a 1.2-ml microcentrifuge tube.  Once all dishes were 

handled, cells were then stored at –20oC. 

 

6.  RNA Isolation, cDNA Synthesis and QPCR 

a.)  RNA Isolation  

 RNA was isolated from the homogenized lysates using a silica-gel-based 

membrane technique (RNeasy® Mini Kit, QIAGEN) including treatment with 30 units 

of RNase-Free DNase (QIAGEN).  Samples were eluted from membranes with two 

applications of 40 μl of nuclease-free water.  Estimated sample concentrations and 

purity were approximated using absorbance readings done at 260 nm and 280 nm 

([RNA] μg/ml = A260 x dilution factor x 40 μg/ml [extinction coefficient]).  Total RNAs 

were stored at –20oC, short term.   

b.)  cDNA Synthesis 

cDNA was then synthesized using random primers and SuperScriptTM II-

Reverse Transcriptase (RT) (50 u, SuperScriptTM First Strand Synthesis System for 

RT-PCR, InvitrogenTM Life Technologies).  Half to 2 μg of sample and random 

hexamers (50ng) were incubated with 10mM dNTP mix and heat denatured at 65oC 

per the first step of the protocol.  The remainder of the protocol was followed 

according to the kit directions, terminating the reactions after heating to 37oC for 20 

minutes with RNase H (2.5u NEB Cat. #M0297S).  Separate samples were prepared 

containing 0.5-2 μg total RNA without RT.  All reactions were then diluted to 50 μl 

(10-40 ng RNA equivalent/μl) and stored at –20oC for later use.   

 

c.)  Real-Time Quantitative Polymerase Chain Reaction (QPCR) 

TaqMan Reaction Set-up: 

It is important to note that changes seen by detection with QPCR reagents 

are specific for transcripts produced from transfected constructs.  Primers and 

probes were designed to target regions of the mouse gene which were enough 

different from those of the human Flt-1 gene to be specific (Roche MS Thesis, 2002).  
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Prior to running experiments, a target dilution curve was developed for each target 

(Flt-1, sFlt-1, 5’UTR, Long sFlt-1, 13a, and Neor mRNAs), confirming that efficiencies 

were comparable for each target (Huckle and Roche, 2004).  Each QPCR reaction 

contained 12 ng of cDNA (RNA equivalents) or non-reverse transcribed total RNA, 

1x of TaqMan® Universal PCR Master Mix, No AmpErase® UNG (Applied 

Biosystems Product #4324018), 0.3 μM of each primer and 0.2 μM of the probe.  

Different sets of reactions were set up depending on the experiment.  However, each 

set would have included one containing cDNA template and one containing a 

matched “no RT” template.  Primers and probe sets are identified in Appendix B.  

Special primer/probe set was used for the 18S rRNA (Applied Biosystems 

#4308329).  These used a Vic detection dye instead of the Fam dye incorporated 

into the other probes used in the lab.  Additionally, they are used at a final 

concentration of 0.05μm for each primer and 0.2μm for the probe.  Each reaction mix 

was distributed into 3 optical PCR tubes (Perkin-Elmer) and put into the ABI Prism® 

Sequence Detection System (SDS) 7700 plate.  Reactions were run under the 

following conditions: stage 1, 50oC, 2 minutes; stage 2, 95oC, 10 minutes; stage 3, 

95oC, 15 seconds, 60oC, 1 minute, 40 cycles.  For each of the targets, a “no RT” 

control was setup and run in triplicate as well.  This set of reactions provided a way 

to correct for any background due to the presence of plasmid DNA that could 

contribute to the NeoR and sFlt-1 signals.  In addition to removing plasmid 

background, internal normalization was done to allow comparisons to be made 

between sFlt-1 and Flt-1.  The NeoR target serves as normalization for the other 

targets.  It is expressed under a separate promoter present in the pFIN13 plasmid.  

Because this is internal to the plasmid, it eliminates variation due to transfection, 

handling, and reaction efficiency.  In experiments where co-transfection was done, 

one of the two NeoR coding sequences was removed to allow for equivalent 

expression of NeoR and the other targets.  The ABI software determines a threshold 

cycle (Ct) at which a product is measurable over noise.  The smaller this number the 

fewer cycles it takes to detect a signal and therefore the more target is present in the 

reaction. Flt-1 and sFlt-1 mRNA expression levels (normalized internally to NeoR 

mRNA) relative to levels in wild-type transfectants were calculated by the “ΔΔCt” 

method. The ΔCt is the difference between Flt-1 (or sFlt-1) Ct and NeoR Ct for a 
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given sample (corrected for plasmid background). The ΔΔCt is the difference 

between ΔCts for a given sample and that occurring in the wild-type. Ratios to wild-

type are then calculated as 2-ΔΔCt to account for a two-fold difference in target 

concentration per cycle. 

 

Sybr Green Reaction Set-up:  

Prior to running experiments, a target dilution curve was developed for each 

target (Flt-1, sFlt-1, 5’UTR, Long sFlt-1, 13a, and Neor mRNAs), confirming that 

efficiencies were comparable for each target (Huckle and Roche, 2004).  Each 

QPCR reaction contained 12 ng of cDNA (RNA equivalents) or non-reverse 

transcribed total RNA, 1x of SYBR® Green PCR Master Mix (Applied Biosystems 

Product #4309155), 0.3 μM of each primer.  Different sets of reactions were set up 

depending on the experiment.  However, each set would have included one 

containing cDNA template and one containing a matched “no RT” template.  Primers 

and probe sets are identified in Appendix B.  Each reaction mix was distributed into 3 

optical PCR tubes (Perkin-Elmer) and put into the ABI Prism® Sequence Detection 

System (SDS) 7700 plate.  Reactions were run under the following conditions: stage 

1, 50oC, 2 minutes; stage 2, 95oC, 10 minutes; stage 3, 95oC, 15 seconds, 60oC, 1 

minute, 40 cycles.  Once complete, a post-run dissociation curve was completed.  

While the plate remained in the SDS7700, the cycling conditions were changed to 

step 1, 50oC, 15 sec; ramping over 10 min to 99oC, step 2, 99oC, 15 sec, 1 cycle.  

The dissociation curves were checked for one measured peak denoting primer/ 

template interaction.  Additional peaks are often explained with primer-dimers and 

should be corrected.  Data analysis was preformed in the same manner as with 

TaqMan QPCR. 
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Appendix A.6.c.  Dilution curves for QPCR targets 5’UTR (top) and 13a 
(bottom).  Equivalent slopes allow for comparison between targets.  R 
values near 1 further support the correct quantity of template for use in 
the reactions. 
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7.  Protein Immunoblotting 

Heparin-agarose-adsorbed conditioned media collected from transfected 

HEK 293 and THP-1 cells were used in the protein immunoblots.  Washed bead 

pellets in Laemmli sample buffer (see above) were heated for 5 minutes at 95oC and 

centrifuged at 14,000 x g for 2 minutes.  Twenty-five μl (or the appropriate volume for 

the gel) were loaded into precast 4-15% SDS-polyacrylamide linear gradient Tris-HCl 

gels (9x10 cm; BioRad Ready Gel Precast Gels); prestained SDS high-range 

markers (Pierce BlueRanger® Prestained Protein Molecular Weight Marker Mix) were 

also loaded.  Gels ran at 125 V for approximately 45 minutes until the dye front 

reached approximately 2 cm from the bottom.  Once completed, the transfer 

apparatus was set up in a small container of 1x transfer buffer (0.25 M Tris base, 

1.92 M glycine and 10% MeOH) as follows: cartridge, sponge, filter paper, 

membrane (ImmobilonTM–P Transfer Membrane), gel, filter paper, sponge and the 

other half of the cartridge.  All air bubbles were removed between each layer by 

rolling a test tube over the submerged materials.  This “sandwich” was then placed 

into the transfer box, and the box filled with chilled transfer buffer.  The transfer was 

run for 60 minutes at 100 V (amps<0.35) with the cooling unit in place.  During this 

time, blocking buffer (0.2% gelatin in TNT [25 mM Tris-HCl, pH 7.5, 150 mM sodium 

chloride, and 0.02% Tween-20]) was made and heated to dissolve the gelatin.  The 

apparatus was disassembled when the transfer was finished, and the membrane 

was washed in 1x TNT for 5 minutes.  The membrane was transferred to blocking 

buffer and allowed to shake overnight at 4oC.  The membrane was then rinsed again 

with 1x TNT for 5 minutes.  The membrane was then transferred to a clean container 

and incubated at room temperature for approximately 1 hour with 0.2 μg/ml primary 

antibody (eg. anti-Flt-1 N-terminus; Santa Cruz, sc-9029) in blocking buffer.  Upon 

completion, the membrane was washed 4 times at 5 minutes each in 1x TNT with 

shaking at room temperature.  Secondary antibody (eg.  Horseradish peroxidase-

conjugated goat anti-rabbit IgG; Southern Biotechnology Associates, 1:10,000 in 

blocking buffer) was then added to the membrane and incubated at room 

temperature with shaking for approximately 1 hour.  The membrane was then 

washed 4 times at 5 minutes each in 1x TNT with shaking at room temperature.  
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Detection reagents (SuperSignal® West Pico Chemiluminescent Substrate, Pierce) 

were then added to the membrane and incubated for 5 minutes at room temperature.  

The excess fluid was allowed to drip off and the membrane was wrapped in plastic 

wrap prior to X-ray film exposure (Kodak, BIOMAX™ML) for 10 seconds, 40 

seconds, and 2 minutes.  Each exposure was scanned into a computer using a VXR-

12 film digitizer (Vidar Systems Corporation), and densitometric analysis was 

performed on a Power Macintosh G3 computer using the public domain NIH Image 

program version 1.62 (developed at the U.S. National Institutes of Health and 

available on the Internet at http://rsb.info.nih.gov/nih-image/). 

 

8.  Northern Blot 

 We modified the NorthernMaxTM Northern Blotting Kit (Ambion #1940) as 

stated below.  Products supplied with this kit are referenced as “(Ambion).”  We 

melted 1g of agarose in 90ml of RNase free water and then equilibrated it in a 60oC 

water bath prior to adding 10ml 10x Denaturing Gel Buffer (Ambion).  The gel was 

allowed to solidify at room temperature with comb inserted.  During this time, 4μg of 

RNA for each sample was prepared by mixing it with the appropriate volume of 

Formaldehyde Loading Dye (Ambion) containing 10μg/ml ethidium bromide and 

heating for 15 minutes at 65oC.  One μg of NEB RNA ladder (#N0362S) per lane was 

mixed with 6μl Formaldehyde Loading Dye (Ambion) containing 10μg/ml ethidium 

bromide and heated for 5 minutes at 65oC.  The total volume of sample prepared 

was loaded onto the gel after the gel was covered with 800ml chilled 1x MOPS gel 

running buffer (10x supplied by Ambion).  The gel was run at 5v/cm for 

approximately 2 hours.  Once completed, the gel box was disassembled and the gel 

photographed on a UV light box (Fisher model 88A, #FB-TIV-88A).  The gel was 

rinsed with ddH2O and then soaked in 0.05N NaOH for 20 minutes.  The gel was 

then rinsed again and then transferred to 20x SSC for 45 minutes.  Both of these 

incubations were done at room temperature with gentle shaking.   

 At this stage, the transfer apparatus was assembled using the TurboblotterTM 

Rapid Downward Transfer System (Schleicher and Schuell BioScience #10 416 

328).  Per the instructions, the membrane (Nytran® SuPerCharge Nylon) was wet in 
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ddH2O and then soaked in 20x SSC for 5 minutes at room temperature with gentle 

shaking.  The stack was assembled per kit instructions and 125ml Transfer Buffer 

(Ambion) was used for the transfer.  The transfer was allowed to go overnight at 

room temperature.  The next morning, the transfer apparatus was disassembled and 

the membrane crosslinked with Stratagene® UV Crosslinker (Model 1800, #400071) 

on a piece of plastic wrap.  The gel and membrane were both examined on a UV 

light box and the visible markers were marked on the membrane with a sharpie 

marker.  At this point, the membrane was wrapped in plastic wrap and stored at 4oC 

until the probes were ready.  The gel was discarded. 

 Once the probes were ready, UltraHyb was preheated to 68oC (Ambion).  

Ten-ml/100 cm2 membrane was incubated with the membrane for 30 minutes in a 

42oC hybridization oven (VWR #230400).  During this time, the probe was heated to 

90oC for 10 minutes.  Approximately 1ml of the pre-hybridization buffer was removed 

from the hybridization bottle and added to the probe.  This was then returned to the 

hybridization bottle and allowed to hybridize overnight at 42oC in the rotating 

hybridization oven.  The membrane was removed from the hybridization buffer and 

washed at room temperature in 10ml of Low Stringency wash (Ambion) or an 

equivalent 2x SSC 2 times or 5 minutes each.  Two high stringency washes were 

then done at 42oC for 15 minutes with either High Stringency wash (Ambion) or the 

equivalent 0.1x SSC.  The membrane was then wrapped in plastic wrap and 

exposed to the blanked screen (4-6 hour exposure; screens are blanked pre- and 

post-exposure) for STORMTM-820 (Amersham Biosciences) detection or X-ray film 

(overnight exposure).  The membrane was stripped with 0.1% SDS in 100ml DEPC-

H2O heated to boiling.  This was allowed to cool prior to repeating the detection 

process with the second probe.  Due to poor results with the second probe, the gel 

was re-run and then re-probed with the second probe first. 

 

a.)  Northern Blot Probe Information: 

 Probes were designed to have the capability to detect numerous mRNA 

targets with as few blots as possible.  To do this, we selected primers to amplify exon 

14 (146 bp) or the first 115 bp of intron 13.  The intron 13 probe was limited by the 
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cleavage/polyadenylation site determined by He et al. (1999).  PCR was done using 

the standard reaction setup (Appendix E) with primers BH475/BH476 to create what 

would become the exon 14/Flt-1 probe in a set of reactions using Flt-1 cDNA plasmid 

as a positive resulting template, sFlt-1 cDNA plasmid or ddH2O as negative resulting 

templates.  Simultaneously, similar reactions were set up using BH314/BH315 to 

create what would become the intron 13/sFlt-1 probe in a set of reactions using sFlt-

1 cDNA plasmid as a positive resulting template, Flt-1 cDNA plasmid or ddH2O as 

negative resulting templates.  Thermalcycler program #1 was used (Appendix E).  

Reactions were mixed with 6μl Sigma Gel Loading Solution (G2526) and run on a 

3% agarose (w/v) gel as previously described.  Bands were present in both positive 

lanes for both reaction sets as predicted.  These were excised from the gel and 

purified using QIAEX II kit and eluted with 20μl of ddH2O from the beads.   

 Two μl of each purified DNA probe was mixed 1:1 with Sigma Gel Loading 

Solution (G2526) and run on a 3% agarose (w/v) gel as previously described with 4μl 

markers to determine the percent recovery.  Concentration was estimated based on 

fragment size and recovery gel results as compared to quantity of markers loaded.  

For each probe, the following reactions were set up containing approximately 25ng 

DNA, 1μl (10μM primer [BH315 for intron 13 and BH476 for exon 14]) with ddH2O to 

a final volume of 33μl.  This was heated for 5 minutes at 95oC and then chilled 5 

minutes on ice.  Ten-x EcoPol Buffer (1x final concentration) and dNTP mix (20μM 

final concentration) containing dATP, dGTP, and dTTP, 50μCi of 33P dCTP (3,000 

ci/mmol) and 5 units of Klenow exo- polymerase (NEB #M0212S) was added.  Total 

reaction volume was 50μl.  This was incubated at 37oC for 1 hour prior to the 

addition of 0.5M EDTA, 0.17M NaCl pH 8 to terminate the reactions.  Probes were 

stored at 4oC until needed. 

 Once the probes were made and labeled, we removed excess 33P dCTP 

with SigmaSpinTM Post-reaction Purification Columns (S5059) per the manufacturer’s 

instructions.  The percent incorporation was then calculated using the trichloroacetic 

acid (TCA) precipitation method for each probe.  One-μl of each probe was spotted 

onto 2 filters (Whatman 21mm #1822021).  One for each probe was washed with 

10% ice cold TCA for 10 minutes and then rinsed with 200ml isopropanol twice.  
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Filters were then dried and paced in scintillation vials with 5ml scintillation cocktail 

(Ecolume #88247).  The remaining 2 filters were placed directly in scintillation vials 

with 5ml cocktail.  A fifth filter was incubated in TCA and washed in isopropanol with 

the first pair of filters to serve as a blank.  All five vials were then run in a liquid 

scintillation counter (Beckman Coulter LS 6500).  In both cases, all of each of the 

probes was used in the northern blot. 
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Appendix B.  Primer Sequences 
 
Primer 
Name Primer Sequence Primer Use ID 

M13-
Forward GTAAAACGACGGCCAGT  

M13-
Reverse AACAGCTATGACCATG  

T7 TAATACGACTCACTATAGGG  
SP6 GATTTAGGTGACACTATAG  
BH-238 CTCTGGATTTCTGCCCTAGGATTTGC  

BH-239 GAAGTGTAGACTATGGAGTAACACAACC 3’ primer in pcDNAIntA 
vector (pcDNA3-based) 

BH-246 CACCCCCCAGAATAGAATGACACC 3’ between BH-204 and 
BH-226 

BH-248 AACTGTACGCATCCTGTGCTGGAAA 
3’ in mouse Flt-1 
extracellular domain r/c 
BH-209 

BH-261 GTGTCCAAGGTCAAGGTGCTGCAG  

BH-298 GCATTGGAACGCGGATTC TaqMan 5’ primer over 
CMV-ex14 junction 

BH-299 ACCTCGTAGTCACTGAGGTTTTGA TaqMan 3’ primer over 
CMV-ex14 junction 

BHTP-6 
FAM-
CCAAGAGTGACATTCGGAAGCGCC-
TAMRA 

TaqMan probe over 
CMV-ex14 junction 

AB57 GACAGACTAACAGACTGTTCC HCMV promoter region; 

BH-302 TGTTTTGACCTCCATAGAAGACACCG HCMV upstream of Intron 
A 

BH-314 GTGAGCACTGCGGCAAAAAGGC 5’ end of intron 13 

BH-315 TTACTTTTCAAATGAGTCCTTTAATGTTT
G 

3’ end of short sFlt-1 
mRNA 

BH-353 CTCCCCCAGCgaattcTACCAGAAGTCCCG
G 3' U2AF to install EcoRI 

BH-367 ACGGCATCCAgaattcTAGAAGTGGGCGG 3’ CPSF160 EcoRI 

BH-369 GCCGTGGGGGCCTGgaattcTAGATGGTG
G 3’ PTB EcoRI 

BH-371 CTGTCTGCCTGcaattgTCACCAATGGG 3’ SF1 MfeI 
BH-373 GTATTTTTGAAcaattgTCAAGGTGCTCC 3’ CstF64 MfeI 

BH-386 TATGCCTGCAGAGCCAGGAA 5' Human Flt-1 ex 13-in 
13 junction 

BH-387 TTTGGAGATCCGAGAGAAAACAG 3' Human Flt-1 ex 13-in 
13 junction 

BHTP-
21 

6FAM-
TTGCAGTGCTCACCTCTGATTGTAATTTC
TTTCT-TAMRA 

TaqMan Human Flt-1 ex 
13-in 13 junction 
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BH-388 CTGAGGTTTCGCAGGAGGTATG 3' Human Flt-1 ex 13-ex 
14 junction 

BHTP-
22 

6FAM-
TGCTTCCTGATCTCTGATTGTAATTTCTT
TCTTCTG-TAMRA 

TaqMan Human Flt-1 ex 
13-ex 14 junction 

BH-393 ACATCATAACGGTTCTGGCAAATA 5' for sequencing in 
pGEX, pHEX vectors 

BH-394 ATCTACATCCAGTTCTCCAACCA PTB 5' internal 
BH-395 CAATGCCAAGATTATGATCCGGGG SF1 5' internal 
BH-396 CCAACGCTGATTGCAGGCAACCCT CstF64 5' internal 
BH-397 AGGCCCCTGGCAACCCAGTGTTG U2AF65 5' internal 

BH-398 GCCACTCCCACTGTCCTTTCCTA 5' to neo cassette in 
pcDNA3 vector 

BH-399 TGAGCGCAACGCAATTAATGTGA 3' to neo cassette in 
pcDNA3 vector 

BH-412 TCTGCTCCACCCTCCTCTGT 5' "ex13A" for TaqMan 
BHTP-
24 

FAM-CACCCAG/ATTCGGAAGCGCCAC-
TAMRA 

TaqMan probe for 13a/14 
junction 

BH-415 GATGACTAAGTAGAATTC 5’ Stop-linker for U2AF 
BH-416 TCGAGAATTCTACTTAGTCATC 3’ Stop-linker for U2AF 

BH-417 CGGAAGCCCCGCCACGAGAAGAAGAAG
AAGGTCCGTA 

5’ (sense) SR domain-
deletion 
mutagenesis primer for 
U2AF65 

BH-418 TCTTCTCGTGGCGGGGCTTCCGATGCC
GGTTCTCCTT 

3’ (antisense) SR 
domain-deletion 
mutagenesis primer for 
U2AF65 

BH-439 AGACCTGCTGGACCTTCATAATTC 3' in exon "13a/b" (r/c of 
BH-226) 

BH-440 TGGTTGGAGAACTGGATGTAGAT PTB 3' internal (r/c to BH-
394) 

BH-441 CCCCGGATCATAATCTTGGCATTG SF1 3' internal (r/c to BH-
395) 

BH-442 AGGGTTGCCTGCAATCAGCGTTGG CstF64 3' internal (r/c to 
BH-396) 

BH-443 CAACACTGGGTTGCCAGGGGCCT U2AF65 3' internal (r/c to 
BH-397) 

BH-444 GTCGTACTCCACCACAGACAGCT CPSF 3' internal 

BH-475 ATTCGGAAGCGCCACACCTGCTT 5’ end mouse Flt-1 exon 
14 

BH-476 CCGGTTCTTGTTGTATTTTGTGGTTGTTT 3’ end mouse Flt-1 exon 
14 

BH-484 CTCTTGTTTATTCTCGTTGAGCTGC 3’ U2AF near N-terminus 
BH-485 ACAGAGGTGAACTCCACAAAGATCT 3’ U2AF in RRM3 
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Appendix C.  Common Kits/Products Used 
 

Ambion®, Austin, TX 
NorthernMaxTM Formaldehyde-Based System for Northern Blots  

Catalog #1940 
 

InvitrogenTM Life TechnologiesTM, Carlsbad, CA 
S.O.C. Medium Catalog #15544-034 

2% Tryptone 
0.5% Yeast Extract 
10mM NaCl 
2.5mM KCl 
10mM MgCl2 
10mM MgSO4 
20mM Glucose 

 SuperScriptTM First-Strand Synthesis System for RT-PCR  
Catalog #11904-018 

T4 DNA Ligase 1 unit/μl Catalog #15224-017 
T4 DNA Ligase Buffer (supplied with T4 DNA Ligase) 

50mM Tris-HCl (pH 7.6) 
10mM MgCl2 
1mM ATP 
1mM DTT 
5% (w/v) polyethylene glycol-8000 
Store at –20oC 
 

New England Biolabs, Ipswich, MA  
Marker Mix for agarose gel electrophroesis:   

λ DNA- HindIII Digest (#N3012) 0.5μg/25μl final concentration 
ΦΧ174 DNA – HaeIII Digest (#N3026) 0.5μg/25 μl final concentration 
(Mixed with Sigma Gel Loading Solution (#G2526) (1 volume dye/3 volumes 
sample) and DNase/ RNase Free water to 25μl final volume.) 
 

(Restriction endonuclease buffers) 
NEBuffer EcoRI (1x) 

50mM NaCl 
100mM Tris-HCl 
10mM MgCl2 
0.025% Triton X-100 
pH 7.5 @ 25oC 
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NEBuffer 2 (1x) 
50mM NaCl 
10mM Tris-HCl 
10mM MgCl2 
1mM dithiothreitol 
pH 7.9 @ 25oC 

NEBuffer 3 (1x) 
100mM NaCl 
50mM Tris-HCl 
10mM MgCl2 
1mM DTT 
pH 7.9 @ 25oC 

NEBuffer 4 (1x) 
50mM potassium acetate 
20mM Tris acetate 
10mM magnesium acetate 
1mM DTT 
pH 7.9 @ 25oC 

 EcoPol Buffer (1x) 
  10 mM Tris-HCl (pH 7.5) 

5 mM MgCl2, 
7.5 mM DTT  

 RNase H Buffer (1x) 
  75mM KCl 
  50mM Tris-HCl 
  3mM MgCl2 
  10mM DTT 
  pH 8.3 @25oC 

Bovine serum albumin (BSA) Supplied by NEB with the enzymes. 
 

QIAGEN®, Valencia, CA 
QIAEX® II Gel Extraction Kit Catalog #20021 
QIAGEN® Plasmid Purification Midi Kit Catalog #12143 
RNeasy® Mini Kit Catalog #74104 
QIAshredder Homogenizers Catalog #79654 
RNase-Free DNase Set Catalog #79254 
Taq Polymerase Master Mix Kit Catalog #201443 
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Appendix D.  Other Buffers and Equipment. 
 

PCR Reagents 
TaqMan® Universal PCR Master Mix, No AmpErase® UNG 

PE Biosystems,Catalog #4324018 
This mix is optimized for 5’ nuclease assay using TaqMan® probes 
and contains AmpliTaq Gold® DNA Polymerase, dNTPs with dUTP, 
Passive Reference 1, and optimized buffer components 

 
 SYBR® Green PCR Master Mix, PE Biosystems,Catalog #4309155 

The mix is optimized for real-time PCR analysis using SYBR Green 1 
Dye, AmpliTaq Gold® DNA Polymerase, dNTPs with dUTP, Passive 
Reference 1, and optimized buffer components. 
 

Reagent Supplied Concentration Final Concentration 
TaqMan or SYBR 
Green Master Mix 2x 1x 

5' primer* 10μM 0.30μM 
3' primer* 10μM 0.30μM 
Probe*† 100μM 0.20μM 

* Gene specific. Sequences appear in Appendix B.   
† Probe is excluded when SYBR Green mix is used. 

 
 TaqMan® Ribosomal RNA Control Reagents,  

PE Biosystems, Catalog #2308329 
This kit includes human control RNA, rRNA probe (VIC™ Probe ), 
rRNA forward primer, and rRNA reverse primer 

 
Reagent Supplied Concentration Final Concentration 

TaqMan Master Mix 2x 1x 
rRNA 5' primer 10μM 0.05μM 
rRNA 3' primer 10μM 0.05μM 
Probe VIC™ 40μM 0.20μM 

 

Membranes 
 

Northern Blot: Nytran® SuPerCharge Nylon Schleicher and Schuell 
Bioscience Keene, NH; Catalog #10416230 

Protein Immunoblot:  ImmobilonTM –P Transfer Membrane  
Catalog #IPVH00010 
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Buffers 
 
Northern Blot 

Transfer Buffer (20x SSC) 
0.3M sodium citrate dihydrate 
3.0M sodium chloride 
pH 7.0 @ 23oC 
Fisher Biotechnology Catalog #BP1325-4 

Protein Immunoblot: 
Tank Buffer 

1x SDS PAGE diluted (10x stock) 
10X SDS PAGE STOCK (Fisher BP1341-1) 
0.25M Tris base 
1.92M Glycine 
1% SDS weight /volume 

Transfer Buffer 
10% MeOH Total Vol: 500mls 
50ml 10x – 0.25M Tris base + 1.92M glycine 
400ml H2O 
50ml Methanol 
Let stand to remove air bubbles. 

TNT (1x TNT from 10x TN) 
900ml H2O 
100ml 10x TN (250mM Tris-Cl + 1500mM NaCl, pH 7.5) 
5ml 10% Tween 20 

Blocking Buffer (0.2% gelatin in 50ml 1x TNT) 
0.1g gelatin 
50ml TNT 

Microwave at 30% power for short times until dissolved. Refrigerate. 
 

Agarose Gel Electrophoresis: 
Running Buffer (1x TBE from 10x) 

0.89M Tris 
0.87M Boric Acid 
0.027M EDTA 

Gel Loading Solution 
0.05% (w/v) Bromphenol blue 
40% (w/v) Sucrose 
0.1 M EDTA, pH 8.0 
0.5% (w/v) Sodium lauryl sulfate (SDS) 
Suitable for use in nucleic acid gel electrophoresis. Store at room 
temperature. 
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Cell Culture and Transfection Reagents: 
 

DMEM/FBS/Gent: 
Dulbecco’s Modified Eagle Medium (DMEM) with 4.5 mg/ml glucose, 

glutamine (Mediatech #10-013-CV) containing 10% (v/v) Fetal Bovine Serum 
(FBS) (Mediatech #14-501-F) 50 ug/ml Gentamycin (LTI #15710-072). In 
hood, combine sterile liquid components in DMEM bottle using sterile pipets. 
Store at 4oC. 

 
 RPMI 1640+: 

Roswell Park Memorial Institute medium (RPMI 1640) with 4.5 g/L 
glucose and 1.5 g/L bicarbonate (Mediatech #10-040-CV) and 10mM HEPES 
(Sigma #H0887), 1mM Sodium Pyruvate (Mediatech #25-000-CI), 10% (v/v) 
FBS (Mediatech #35-010-CV), 0.05mM β-mercaptoethanol (Sigma #M-7522), 
and 50μg.ml Gentamycin (Gibco-BRL #15710-064) added.  In hood, combine 
sterile liquid components in RPMI-1640 bottle using sterile pipets. Store at 
4oC. 

 
DPBS: 

Dulbecco’s Phosphate Buffered Saline, Ca2+/Mg2+-free (Mediatech 
#21-031-CM). Store at room temperature. 

 
Trypsin/EDTA (1X): 

0.25% Trypsin/ 2.21 mM EDTA in HBSS without sodium bicarbonate, 
calcium and magnesium (Mediatech #25-053-CI).  Store –20oC long-term; 
4oC short-term. 

 

Other 
Luria-Bertani (LB)Broth, dehydrated 10g/L Bacto Tryptone  

5g/L Bacto Yeast Extract 10g/L Sodium Chloride Becton  
Dickinson # 244620 

Luria-Bertani (LB) Agar, dehydrated 10g/L Bacto Tryptone  
5g/L Bacto Yeast Extract 10g/L Sodium Chloride 15g/L Bacto  
Agar Becton Dickinson # 244520 

Tris-EDTA (TE) pH 8 
1M Tris-HCl 
0.1M EDTA 

 

Equipment 
STORMTM-820 with ImageEraser, ImageQuantTM and storage phosphor 

screens, GE Healthcare-Amersham Biosciences #63-0035-62 
UV light box Model 88A #FB-TIV-88A 

 Thermalcycler - Hybaid Limited #SPRT001 Issue 2  
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Sequencing: 
 

Automated DNA sequencing was performed in the Core Laboratory Facility at 
the Virginia Bioinformatics Institute using standard methods on an ABI 377 
automated DNA Sequencer or an ABI 3100 capillary sequencer and using Applied 
Biosystems BigDye (version 2.0) Terminator chemistry.  Cycle sequencing reactions 
were performed using 10 ng/100 bp of PCR product (or if plasmid template, 500 ng 
total) and Applied Biosystems (Foster City CA) Big Dye Terminator (version 2.0) 
ready reaction kit.  Primer amount in the reaction was 3.2 pmol.  Total reaction 
volume was 15ul Cycling parameters were: 30 cycles of 30 sec @ 95oC, 15 sec @ 
50oC, 4 min @ 60oC and refrigerated until used.  Reactions were purified using the 
Millipore Multiscreen plates and dried and resuspended as per manufacturer's 
protocols for loading on the automated sequencer.   
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Appendix E.  Thermalcycler Conditions 
 

Program 1.  Used unless otherwise stated 
 

Stage Step Temperature 
(oC) 

Time 
(minutes) # Cycles 

1 94 2 
2 60 1 
3 72 2 

1 

4 0 0 

1 

1 94 1 
2 60 1 
3 72 2 

2 

4 0 0 

28 

1 94 1 
2 60 1 
3 72 10 

3 

4 0 0 

1 

4 1 4 Hold N/A 
   Total Cycles: 30 
 
Reaction Conditions: 
 

Item Initial 
Concentration 

Final 
Concentration 

Volume (μl) in  
20μl Reaction 

Taq Polymerase Pre-
mix 2x 1x 10 

Primer 1 10μM 0.25μM 0.5 
Primer 2 10μM 0.25μM 0.5 

DNA/Template 
Variable 

(Plasmids diluted to 
10ng/μl) 

Variable Variable  
(usually 1μl) 

DNase/RNase Free 
Water N/A N/A 8 
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Program 9.  Used for Two Round Mutation Generation 
 

Stage Step Temperature 
(oC) 

Time 
(minutes) # Cycles 

1 94 2 
2 55 1 
3 72 2 

1 

4 0 0 

1 

1 94 1 
2 55 1 
3 72 2 

2 

4 0 0 

18 

1 94 1 
2 55 1 
3 72 10 

3 

4 0 0 

1 

4 1 4 Hold N/A 
   Total Cycles: 20 

 
 Reaction conditions: 
 

Item Initial 
Concentration 

Final 
Concentration 

Volume (μl) in 
20μl Reaction 

Taq Polymerase Pre-
mix 2x 1x 10 

Primer 1 10μM 1μM 2 
Primer 2 10μM 1μM 2 

DNA/Template 100ng/μl 100ng 1 
DNase/RNase Free 

Water N/A N/A 5 
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Appendix F.  Raw Data 
 
Table of QPCR CT values for Figure 3.5 and 5.3. 
 
Plasmid 

1 
Plasmid 2 Rep NeoR 13a 5’UTR Flt-1 Total 

sFlt-1 
Long 
sFlt-1 

pFIN13 pcDNA-INt A 1 28.10 31.31 23.75 28.39 23.80 30.09 
pFIN13-

Delta pcDNA-INt A 1 28.00 30.44 26.21 26.09 22.40 30.42 

pGIN13 pcDNA-INt A 1 27.88 30.57 29.45 25.60 24.17 29.71 
pFIN13 pcDNA-INt A 2 28.36 31.11 23.43 29.70 25.20 29.22 
pFIN13-

Delta pcDNA-INt A 2 28.50 31.28 26.53 28.38 25.11 29.87 

pGIN13 pcDNA-INt A 2 27.99 30.68 29.07 27.43 26.01 30.27 
pFIN13 pcDNA-INt A 3 26.19 28.15 20.67 26.49 22.70 25.75 
pFIN13-

Delta pcDNA-INt A 3 27.45 29.30 24.52 26.48 23.35 27.90 

pGIN13 pcDNA-INt A 3 27.68 30.10 27.92 26.16 25.58 29.23 
 
 
Table of QPCR CT values for Figure 3.6. 
 
Plasmid 

1 
Plasmid 2 Rep NeoR 13a 5’UTR Flt-1 Total 

sFlt-1 
Long 
sFlt-1 

pFIN13-
no A pcDNA-INt A 1 27.82 35.15 27.09 32.65 26.62 33.09 

pFIN13-
no A pcDNA-INt A 2 27.63 32.31 25.85 28.57 24.54 32.23 

pFIN13-
no A pcDNA-INt A 3 26.55 35.37 29.41 32.48 24.23 31.63 
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Table of QPCR CT values for Figure 3.7. 
 
Plasmid 

1 
Plasmid 

2 
Rep NeoR 13a 5’UTR Flt-1 Total 

sFlt-1 
Long 
sFlt-1 

pFIN13 N/A 1 28.215 N/A 17.657 21.660 18.625 22.651
G/A Mut N/A 1 26.697 N/A 28.430 26.910 16.388 20.967
C to U N/A 1 25.691 N/A 16.070 19.030 16.985 19.868
C/U Alt N/A 1 26.112 N/A 15.280 18.643 17.313 22.082
All C N/A 1 28.723 N/A 20.003 22.500 17.750 22.083

U to G N/A 1 27.558 N/A 33.623 29.041 16.778 20.915
5U N/A 1 27.985 N/A 16.113 19.893 17.797 22.647

pFIN13 N/A 2 22.23 N/A 18.12 21.36 18.14 23.14 
G/A Mut N/A 2 21.87 N/A 31.30 27.66 16.60 21.98 
C to U N/A 2 20.93 N/A 16.96 19.84 17.05 21.00 
C/U Alt N/A 2 22.95 N/A 17.67 21.26 19.08 - 
All C N/A 2 21.05 N/A 19.67 21.54 16.60 21.09 

U to G N/A 2 20.94 N/A 33.70 29.42 16.67 21.28 
5U N/A 2 21.58 N/A 17.03 19.90 17.28 21.72 

pFIN13 N/A 3 27.89 N/A 17.24 20.25 17.16 23.15 
G/A Mut N/A 3 26.94 N/A 29.36 26.72 16.02 22.54 
C to U N/A 3 27.41 N/A 16.95 19.27 16.23 22.20 
C/U Alt N/A 3 27.73 N/A 15.91 18.80 16.91 23.38 
All C N/A 3 27.55 N/A 19.90 22.12 16.65 22.69 

U to G N/A 3 27.34 N/A 33.52 27.96 15.91 21.64 
5U N/A 3 27.26 N/A 16.33 19.41 16.97 23.25 

 
 
Plasmid 

1 
Plasmid 

2 
Rep NeoR 13a 5’UTR Flt-1 Total 

sFlt-1 
Long 
sFlt-1 

pFIN13 N/A 1 26.03 28.24 22.07 25.71 24.58 34.39 
5’SS N/A 1 26.57 29.24 22.90 39.70 - 36.48 

pFIN13 N/A 2 25.93 27.02 22.40 27.77 23.60 27.92 
5’SS N/A 2 27.93 29.50 24.56 40.00 - 30.42 

pFIN13 N/A 3 23.95 - 18.42 23.00 18.05 24.52 
5’SS N/A 3 23.74 - 18.42 35.95 17.82 24.62 
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Table of QPCR CT values for Figure 3.8. 
 
Plasmid 

1 
Plasmid 

2 
Rep NeoR 13a 5’UTR Flt-1 Total 

sFlt-1 
Long 
sFlt-1 

pFIN13 N/A 1 27.40 27.43 20.38 26.01 20.12 27.32 
C to U 
Delta N/A 1 30.02 29.50 26.91 27.00 21.64 30.42 

U to G 
Delta N/A 1 28.92 39.60 39.38 35.63 21.21 30.25 

5U Delta N/A 1 28.82 28.79 25.81 25.92 21.20 30.16 
pFIN13-

Delta N/A 1 30.45 30.74 27.70 28.19 22.65 31.08 

C/U Alt 
Delta N/A 1 30.53 31.02 27.49 28.26 22.35 31.46 

5’SS Mut 
Delta N/A 1 28.29 30.06 25.38 36.16 20.68 29.71 

G/A Mut 
Delta N/A 1 28.64 40.00 39.38 34.35 20.94 29.42 

pFIN13 N/A 2 27.41 26.21 20.83 26.06 21.60 26.30 
C to U 
Delta N/A 2 30.17 29.21 27.74 27.42 23.68 29.11 

U to G 
Delta N/A 2 27.61 35.76 40.00 32.91 21.50 26.94 

5U Delta N/A 2 28.23 27.18 25.71 25.08 21.75 27.38 
pFIN13-

Delta N/A 2 28.28 27.10 25.69 25.31 21.69 27.26 

C/U Alt 
Delta N/A 2 29.32 28.80 26.65 26.78 22.96 28.78 

5’SS Mut 
Delta N/A 2 27.81 28.53 25.58 35.60 21.68 28.11 

G/A Mut 
Delta N/A 2 26.37 34.72 35.94 30.97 20.19 25.35 

pFIN13 N/A 3 27.24 27.23 21.60 26.99 19.64 25.26 
C to U 
Delta N/A 3 27.21 26.66 25.31 25.10 18.98 24.84 

U to G 
Delta N/A 3 26.30 34.85 39.89 33.33 18.37 25.31 

5U Delta N/A 3 28.50 28.17 27.37 26.42 20.50 26.99 
pFIN13-

Delta N/A 3 26.52 26.64 25.16 24.93 18.34 24.64 

C/U Alt 
Delta N/A 3 27.09 27.23 25.29 25.35 18.60 25.75 

5’SS Mut 
Delta N/A 3 25.97 27.64 24.49 34.36 18.06 24.61 

G/A Mut 
Delta N/A 3 26.87 35.83 38.02 33.34 19.05 25.52 
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Table of QPCR CT values for Figure 4.1 C and D. 
 

Cell 
Type Treatment Rep 18s Flt-1 sFlt-1 

HEK293 N/A 1 16.94 29.54 30.24 
THP-1 DMSO 1 17.01 37.61 39.23 
THP-1 PMA 1 17.10 34.42 34.34 

HEK293 N/A 2 17.08 29.38 30.27 
THP-1 DMSO 2 17.08 37.91 38.17 
THP-1 PMA 2 17.12 34.51 34.23 

HEK293 N/A 3 17.73 30.09 31.11 
THP-1 DMSO 3 17.33 37.41 39.06 
THP-1 PMA 3 17.18 34.24 33.77 
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Table of QPCR CT values for Figure 4.7 and 4.8. 
 
Plasmid 

1 
Plasmid 2 Rep NeoR 13a 5’UTR Flt-1 Total 

sFlt-1 
Long 
sFlt-1 

pFIN13 pcDNA-Int A 1 27.39 27.93 22.16 26.28 24.38 24.50 
pFIN13 U2AF 1 27.98 25.18 22.18 26.34 25.13 25.05 
pFIN13 SF1 1 28.68 30.08 22.99 27.60 27.02 27.41 
pFIN13 PTB 1 27.69 27.93 21.16 25.94 26.46 26.97 
pFIN13 CstF 1 27.58 26.97 21.46 25.42 24.26 25.01 
pFIN13 CPSF 1 27.37 26.62 20.57 24.78 25.34 25.76 
pFIN13 pcDNA-Int A 2 26.62 28.35 22.02 26.76 22.69 24.85 
pFIN13 U2AF 2 28.28 26.02 23.39 27.63 24.10 26.02 
pFIN13 SF1 2 27.58 30.24 22.79 27.77 24.58 26.44 
pFIN13 PTB 2 26.99 28.09 21.51 26.53 24.38 26.60 
pFIN13 CstF 2 26.99 27.45 21.86 26.32 22.61 25.24 
pFIN13 CPSF 2 26.42 26.51 20.43 24.61 23.20 25.54 
pFIN13 pcDNA-Int A 3 29.33 31.21 21.72 26.61 25.54 28.69 
pFIN13 U2AF 3 30.58 28.58 22.15 26.74 26.69 29.64 
pFIN13 SF1 3 31.04 34.01 23.35 29.04 28.50 32.58 
pFIN13 PTB 3 29.34 30.68 20.67 25.96 27.21 30.85 
pFIN13 CstF 3 29.04 29.84 20.41 25.41 25.01 29.29 
pFIN13 CPSF 3 29.28 30.24 20.36 25.19 26.55 29.71 
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Table of QPCR CT values for Figure 5.4. 
 
Plasmid 1 Plasmid 2 Rep NeoR 13a 5’UTR Flt-1 Total 

sFlt-1 
Long 
sFlt-1

G/A Mut pcDNA-Int A 1 26.40 38.59 35.40 34.08 21.20 28.10 
G/A Mut pU2AF 1 27.31 37.14 36.40 36.09 21.43 27.38 

pFIN13-no A pcDNA-Int A 1 27.82 35.15 27.09 32.65 26.62 33.09 
pFIN13-no A pU2AF 1 27.83 31.08 29.10 31.74 26.46 32.21 

pFIN13 pcDNA-Int A 1 26.44 29.38 21.46 26.54 21.22 27.18 
pFIN13 pU2AF 1 28.46 26.03 23.16 28.10 23.52 28.70 
C/U Alt pcDNA-Int A 1 28.06 32.01 23.53 29.11 23.40 29.79 
C/U Alt pU2AF 1 27.87 25.96 22.49 27.65 23.01 29.19 
5’SS pcDNA-Int A 1 27.67 31.40 23.10 38.43 22.78 29.45 
5’SS pU2AF 1 28.67 26.39 23.74 39.42 23.32 29.6 

pA 5/NC/6 pcDNA-Int A 1 26.81 28.31 22.67 26.04 23.67 30.76 
pA 5/NC/6 pU2AF 1 27.36 25.00 22.56 25.69 23.11 30.15 
G/A Mut pcDNA-Int A 2 26.64 33.88 32.84 29.32 20.25 27.34 
G/A Mut pU2AF 2 27.11 34.06 33.20 30.24 19.89 26.69 

pFIN13-no A pcDNA-Int A 2 27.63 32.31 25.85 28.57 24.54 32.23 
pFIN13-no A pU2AF 2 30.42 31.82 29.61 29.31 26.78 32.50 

pFIN13 pcDNA-Int A 2 27.35 28.80 22.00 25.97 21.31 28.66 
pFIN13 pU2AF 2 26.62 24.99 21.07 25.16 21.17 27.14 
C/U Alt pcDNA-Int A 2 26.95 28.27 21.40 25.25 20.85 28.27 
C/U Alt pU2AF 2 27.09 24.98 21.10 25.22 21.11 28.37 
5’SS pcDNA-Int A 2 26.72 27.64 20.79 - 20.26 27.95 
5’SS pU2AF 2 27.48 24.82 21.30 30.88 20.86 27.92 

pA 5/NC/6 pcDNA-Int A 2 27.82 26.77 22.41 24.59 23.15 31.34 
pA 5/NC/6 pU2AF 2 27.03 24.17 21.75 23.83 21.99 29.15 
G/A Mut pcDNA-Int A 3 24.93 40.00 37.79 34.25 19.03 26.78 
G/A Mut pU2AF 3 26.55 39.20 39.22 35.95 19.91 27.20 

pFIN13-no A pcDNA-Int A 3 26.55 35.37 29.41 32.48 24.23 31.63 
pFIN13-no A pU2AF 3 26.95 32.38 31.28 32.25 24.25 29.75 

pFIN13 pcDNA-Int A 3 27.41 32.84 26.79 29.70 21.88 27.81 
pFIN13 pU2AF 3 26.73 26.98 25.42 28.97 20.66 26.65 
C/U Alt pcDNA-Int A 3 27.73 33.14 26.86 30.21 22.11 28.34 
C/U Alt pU2AF 3 26.99 27.44 25.38 28.58 21.23 26.74 
5’SS pcDNA-Int A 3 24.71 29.82 23.51 34.07 18.59 26.44 
5’SS pU2AF 3 28.37 28.54 26.79 35.56 22.22 30.19 

pA 5/NC/6 pcDNA-Int A 3 26.99 30.13 26.25 27.64 27.84 27.53 
pA 5/NC/6 pU2AF 3 26.77 26.60 25.71 26.91 21.82 29.42 
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Table of QPCR CT values for Figure 5.6. 
 

Plasmid 1 Plasmid 
2 

Rep NeoR 13a 5’UTR Flt-1 Total 
sFlt-1 

Long 
sFlt-1

U2AF-no A-no Neo pFIN13 1 N/A 30.56 N/A 29.44 N/A N/A 
U2AF-no Neo pFIN13 1 N/A 33.68 N/A 31.98 N/A N/A 

pcDNA-Int A-no Neo pFIN13 1 N/A 37.72 N/A 34.46 N/A N/A 
U2AF-ΔSR pFIN13 1 N/A 32.07 N/A 28.31 N/A N/A 

U2AF-ΔSRC-Pro pFIN13 1 N/A 33.55 N/A 30.21 N/A N/A 
U2AF-ΔRRM1-2 pFIN13 1 N/A 35.51 N/A - N/A N/A 
U2AF-ΔRRM3 pFIN13 1 N/A 34.42 N/A 32.76 N/A N/A 

U2AF-ΔRRM1-3 pFIN13 1 N/A 37.57 N/A 32.37 N/A N/A 
U2AF-no A-no Neo pFIN13 2 N/A 33.17 N/A 32.45 N/A N/A 

U2AF-no Neo pFIN13 2 N/A 34.50 N/A 33.87 N/A N/A 
pcDNA-Int A-no Neo pFIN13 2 N/A 38.54 N/A 35.37 N/A N/A 

U2AF-ΔSR pFIN13 2 N/A 37.74 N/A 34.51 N/A N/A 
U2AF-ΔSRC-Pro pFIN13 2 N/A 36.25 N/A 33.52 N/A N/A 
U2AF-ΔRRM1-2 pFIN13 2 N/A 36.43 N/A 34.14 N/A N/A 
U2AF-ΔRRM3 pFIN13 2 N/A 35.02 N/A 33.57 N/A N/A 

U2AF-ΔRRM1-3 pFIN13 2 N/A 35.28 N/A 31.03 N/A N/A 
U2AF-no A-no Neo pFIN13 3 N/A 31.54 N/A 31.27 N/A N/A 

U2AF-no Neo pFIN13 3 N/A 33.04 N/A 32.70 N/A N/A 
pcDNA-Int A-no Neo pFIN13 3 N/A 38.18 N/A 35.08 N/A N/A 

U2AF-ΔSR pFIN13 3 N/A 34.35 N/A 30.57 N/A N/A 
U2AF-ΔSRC-Pro pFIN13 3 N/A 34.52 N/A 31.23 N/A N/A 
U2AF-ΔRRM1-2 pFIN13 3 N/A 36.41 N/A 33.42 N/A N/A 
U2AF-ΔRRM3 pFIN13 3 N/A 35.97 N/A 34.47 N/A N/A 

U2AF-ΔRRM1-3 pFIN13 3 N/A 36.30 N/A 31.45 N/A N/A 
 
 



ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.WO

Dependent Variable Flt_ddCTvf

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level
Information

Class Levels Values

rep 3 1 2 3

trt 2 12 460

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 0.2023

Residual 0.003692

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 1 2 84.52 0.0116

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 12 -1.6408 0.2621 2 -6.26 0.0246 0.05 -2.7684 -0.5133

trt 460 -2.0969 0.2621 2 -8.00 0.0153 0.05 -3.2245 -0.9694
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ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.WO

Dependent Variable sFLt_ddCTvf

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level
Information

Class Levels Values

rep 3 1 2 3

trt 2 12 460

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 0.1910

Residual 0.05137

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 1 2 90.77 0.0108

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 12 -0.7103 0.2842 2 -2.50 0.1297 0.05 -1.9332 0.5125

trt 460 1.0529 0.2842 2 3.70 0.0658 0.05 -0.1700 2.2757

wrhuckle
Text Box
155



ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.WO

Dependent Variable Long_ddCTvf

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level
Information

Class Levels Values

rep 3 1 2 3

trt 2 12 460

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 0.2254

Residual 0.4255

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 1 2 0.80 0.4655

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 12 0.6077 0.4658 2 1.30 0.3219 0.05 -1.3964 2.6117

trt 460 1.0840 0.4658 2 2.33 0.1454 0.05 -0.9201 3.0880
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ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.WO

Dependent Variable UTR_ddCTvf

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level
Information

Class Levels Values

rep 3 1 2 3

trt 2 12 460

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 0.02205

Residual 0.01273

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 1 2 1200.86 0.0008

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 12 2.7046 0.1077 2 25.12 0.0016 0.05 2.2413 3.1679

trt 460 5.8975 0.1077 2 54.77 0.0003 0.05 5.4342 6.3608
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ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.WO

Dependent Variable sFlt_vs_Flt_ddctvf

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level
Information

Class Levels Values

rep 3 1 2 3

trt 2 12 460

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 0

Residual 0.04177

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 1 2 176.89 0.0056

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 12 0.9305 0.1180 2 7.89 0.0157 0.05 0.4228 1.4382

trt 460 3.1498 0.1180 2 26.70 0.0014 0.05 2.6421 3.6575
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ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.WO

Dependent Variable Long_vs_tot_ddCTvf

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level
Information

Class Levels Values

rep 3 1 2 3

trt 2 12 460

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 0.2212

Residual 0.07380

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 1 2 5.23 0.1494

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 12 0.7728 0.3136 2 2.46 0.1327 0.05 -0.5764 2.1219

trt 460 0.2653 0.3136 2 0.85 0.4866 0.05 -1.0839 1.6145
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ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.BR2

Dependent Variable Flt_ddCT

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level Information

Class Levels Values

rep 3 1 2 3

trt 6 2 51 55 59 511 512

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 0.04165

Residual 0.3068

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 5 10 174.24 <.0001

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 2 6.9548 0.3408 10 20.41 <.0001 0.05 6.1955 7.7142

trt 51 -0.2722 0.3408 10 -0.80 0.4430 0.05 -1.0316 0.4872

trt 55 8.5533 0.3408 10 25.10 <.0001 0.05 7.7939 9.3127

trt 59 -0.8474 0.3408 10 -2.49 0.0322 0.05 -1.6068 -0.08807

trt 511 1.3001 0.3408 10 3.81 0.0034 0.05 0.5408 2.0595

trt 512 -1.0065 0.3408 10 -2.95 0.0145 0.05 -1.7659 -0.2471

wrhuckle
Text Box
160



ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.BR2

Dependent Variable sFLt_ddCT

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level Information

Class Levels Values

rep 3 1 2 3

trt 6 2 51 55 59 511 512

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 0

Residual 0.3076

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 5 10 2.11 0.1472

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 2 -0.6938 0.3202 10 -2.17 0.0555 0.05 -1.4072 0.01969

trt 51 0.2184 0.3202 10 0.68 0.5106 0.05 -0.4950 0.9319

trt 55 -0.6853 0.3202 10 -2.14 0.0580 0.05 -1.3987 0.02816

trt 59 -0.1172 0.3202 10 -0.37 0.7220 0.05 -0.8306 0.5963

trt 511 -0.6364 0.3202 10 -1.99 0.0749 0.05 -1.3498 0.07710

trt 512 0.3082 0.3202 10 0.96 0.3584 0.05 -0.4052 1.0217
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ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.BR2

Dependent Variable Long_ddCT

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level Information

Class Levels Values

rep 3 1 2 3

trt 6 2 51 55 59 511 512

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 0.02562

Residual 0.2760

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 5 9 3.53 0.0481

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 2 -0.2033 0.3171 9 -0.64 0.5373 0.05 -0.9207 0.5140

trt 51 -0.5215 0.3171 9 -1.64 0.1344 0.05 -1.2389 0.1958

trt 55 -0.8639 0.3171 9 -2.72 0.0234 0.05 -1.5812 -0.1466

trt 59 0.06444 0.3171 9 0.20 0.8435 0.05 -0.6529 0.7818

trt 511 -0.6906 0.3171 9 -2.18 0.0574 0.05 -1.4079 0.02674

trt 512 0.9161 0.3866 9 2.37 0.0419 0.05 0.04152 1.7907
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ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.BR2

Dependent Variable UTR_ddCT

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level Information

Class Levels Values

rep 3 1 2 3

trt 6 2 51 55 59 511 512

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 0

Residual 0.2620

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 5 10 677.55 <.0001

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 2 12.9713 0.2955 10 43.89 <.0001 0.05 12.3129 13.6297

trt 51 0.4222 0.2955 10 1.43 0.1835 0.05 -0.2362 1.0807

trt 55 16.7793 0.2955 10 56.78 <.0001 0.05 16.1209 17.4378

trt 59 -0.6730 0.2955 10 -2.28 0.0460 0.05 -1.3314 -0.01455

trt 511 2.5212 0.2955 10 8.53 <.0001 0.05 1.8628 3.1797

trt 512 -0.8721 0.2955 10 -2.95 0.0145 0.05 -1.5306 -0.2137
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ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.BR2

Dependent Variable LongVtot_ddCt

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level Information

Class Levels Values

rep 3 1 2 3

trt 6 2 51 55 59 511 512

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 0.001686

Residual 0.2233

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 5 10 4.19 0.0259

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 2 0.4904 0.2739 10 1.79 0.1036 0.05 -0.1198 1.1006

trt 51 -0.7400 0.2739 10 -2.70 0.0222 0.05 -1.3502 -0.1298

trt 55 -0.1786 0.2739 10 -0.65 0.5290 0.05 -0.7888 0.4316

trt 59 0.1816 0.2739 10 0.66 0.5222 0.05 -0.4286 0.7918

trt 511 -0.05422 0.2739 10 -0.20 0.8470 0.05 -0.6645 0.5560

trt 512 0.8701 0.2739 10 3.18 0.0099 0.05 0.2599 1.4804
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AC23 effect

The GLM Procedure

Dependent Variable: Flt_ddCT   Flt_ddCT

Source DF
Sum of

Squares Mean Square F Value Pr > F

Model 1 452.4111740 452.4111740 141.85 0.0070

Error 2 6.3785605 3.1892803

Uncorrected Total 3 458.7897345

Parameter Estimate
Standard

Error t Value Pr > |t|
95%

Confidence Limits

Intercept 12.28021680 1.03106422 11.91 0.0070 7.84390553 16.71652807
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AC23 effect

The GLM Procedure

Dependent Variable: Long_ddCT   Long_ddCT

Source DF
Sum of

Squares Mean Square F Value Pr > F

Model 1 1.86513823 1.86513823 4.16 0.1783

Error 2 0.89754579 0.44877290

Uncorrected Total 3 2.76268402

Parameter Estimate
Standard

Error t Value Pr > |t| 95% Confidence Limits

Intercept 0.7884876303 0.38676991 2.04 0.1783 -.8756489885 2.4526242492
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AC23 effect

The GLM Procedure

Dependent Variable: UTR_ddCT   UTR_ddCT

Source DF
Sum of

Squares Mean Square F Value Pr > F

Model 1 0.14256491 0.14256491 27.12 0.0349

Error 2 0.01051281 0.00525640

Uncorrected Total 3 0.15307772

Parameter Estimate
Standard

Error t Value Pr > |t| 95% Confidence Limits

Intercept 0.2179945781 0.04185851 5.21 0.0349 0.0378919480 0.3980972082
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ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.DE1

Dependent Variable Flt_ddCT

Covariance Structure Diagonal

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Residual

Class Level Information

Class Levels Values

trt 7 5 8 16 231 511 551 591

Covariance
Parameter
Estimates

Cov Parm Estimate

Residual 0.1684

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 6 21 508.16 <.0001

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 5 1.1623 0.1835 21 6.33 <.0001 0.05 0.7806 1.5440

trt 8 7.7216 0.1835 21 42.07 <.0001 0.05 7.3399 8.1033

trt 16 -0.03509 0.1835 21 -0.19 0.8502 0.05 -0.4168 0.3466

trt 231 9.9882 0.2052 21 48.68 <.0001 0.05 9.5615 10.4149

trt 511 -0.3481 0.2369 21 -1.47 0.1566 0.05 -0.8408 0.1447

trt 551 8.6254 0.2369 21 36.40 <.0001 0.05 8.1326 9.1181

trt 591 -0.4304 0.2369 21 -1.82 0.0836 0.05 -0.9231 0.06234
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ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.DE1

Dependent Variable sFLt_ddCT

Covariance Structure Diagonal

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Residual

Class Level Information

Class Levels Values

trt 7 5 8 16 231 511 551 591

Covariance
Parameter
Estimates

Cov Parm Estimate

Residual 0.06107

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 6 20 4.34 0.0058

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 5 0.5274 0.1105 20 4.77 0.0001 0.05 0.2968 0.7579

trt 8 0.2865 0.1105 20 2.59 0.0174 0.05 0.05600 0.5171

trt 16 -0.1310 0.1105 20 -1.19 0.2497 0.05 -0.3615 0.09952

trt 231 0.3103 0.1427 20 2.17 0.0418 0.05 0.01269 0.6079

trt 511 -0.1711 0.1427 20 -1.20 0.2444 0.05 -0.4687 0.1265

trt 551 0.2774 0.1427 20 1.94 0.0661 0.05 -0.02022 0.5750

trt 591 0.1612 0.1427 20 1.13 0.2719 0.05 -0.1364 0.4588
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ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.DE1

Dependent Variable Long_ddCT

Covariance Structure Diagonal

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Residual

Class Level Information

Class Levels Values

trt 7 5 8 16 231 511 551 591

Covariance
Parameter
Estimates

Cov Parm Estimate

Residual 0.4107

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 6 21 2.41 0.0629

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 5 -0.2334 0.2866 21 -0.81 0.4246 0.05 -0.8294 0.3626

trt 8 0.8520 0.2866 21 2.97 0.0073 0.05 0.2560 1.4480

trt 16 0.7989 0.2866 21 2.79 0.0110 0.05 0.2029 1.3949

trt 231 0.8342 0.3204 21 2.60 0.0166 0.05 0.1679 1.5006

trt 511 -0.2497 0.3700 21 -0.67 0.5070 0.05 -1.0192 0.5197

trt 551 0.6493 0.3700 21 1.75 0.0939 0.05 -0.1202 1.4187

trt 591 0.4221 0.3700 21 1.14 0.2667 0.05 -0.3473 1.1916
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ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.DE1

Dependent Variable UTR_ddCT

Covariance Structure Diagonal

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Residual

Class Level Information

Class Levels Values

trt 7 5 8 16 231 511 551 591

Covariance
Parameter
Estimates

Cov Parm Estimate

Residual 0.2881

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 6 21 740.76 <.0001

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 5 -4.2990 0.2400 21 -17.91 <.0001 0.05 -4.7982 -3.7999

trt 8 12.7130 0.2400 21 52.96 <.0001 0.05 12.2138 13.2121

trt 16 -0.3204 0.2400 21 -1.33 0.1962 0.05 -0.8196 0.1787

trt 231 -0.1693 0.2684 21 -0.63 0.5349 0.05 -0.7274 0.3888

trt 511 -0.2425 0.3099 21 -0.78 0.4426 0.05 -0.8869 0.4019

trt 551 14.3843 0.3099 21 46.42 <.0001 0.05 13.7398 15.0287

trt 591 0.01627 0.3099 21 0.05 0.9586 0.05 -0.6281 0.6607
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ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.DE1

Dependent Variable LongVtot_ddcTv12

Covariance Structure Diagonal

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Residual

Class Level Information

Class Levels Values

trt 7 5 8 16 231 511 551 591

Covariance
Parameter
Estimates

Cov Parm Estimate

Residual 4.3795

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 6 20 14.40 <.0001

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 5 -0.6349 0.9359 20 -0.68 0.5053 0.05 -2.5872 1.3173

trt 8 -5.9858 0.9359 20 -6.40 <.0001 0.05 -7.9381 -4.0336

trt 16 -1.5452 0.9359 20 -1.65 0.1143 0.05 -3.4975 0.4070

trt 231 -9.9857 1.2082 20 -8.26 <.0001 0.05 -12.5060 -7.4653

trt 511 0.1770 1.2082 20 0.15 0.8850 0.05 -2.3434 2.6973

trt 551 -8.3480 1.2082 20 -6.91 <.0001 0.05 -10.8683 -5.8276

trt 591 0.5916 1.2082 20 0.49 0.6297 0.05 -1.9287 3.1119
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ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.DE1

Dependent Variable sFltVflt_ddctv12

Covariance Structure Diagonal

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Residual

Class Level Information

Class Levels Values

trt 7 5 8 16 231 511 551 591

Covariance
Parameter
Estimates

Cov Parm Estimate

Residual 0.3794

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 6 20 3.63 0.0133

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 5 -0.7608 0.2755 20 -2.76 0.0120 0.05 -1.3354 -0.1862

trt 8 0.7050 0.2755 20 2.56 0.0187 0.05 0.1304 1.2796

trt 16 0.7904 0.2755 20 2.87 0.0095 0.05 0.2158 1.3650

trt 231 0.5687 0.3556 20 1.60 0.1255 0.05 -0.1731 1.3106

trt 511 -0.07864 0.3556 20 -0.22 0.8272 0.05 -0.8205 0.6632

trt 551 0.3719 0.3556 20 1.05 0.3082 0.05 -0.3700 1.1137

trt 591 0.2609 0.3556 20 0.73 0.4716 0.05 -0.4809 1.0028
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relative to GAPDH

The Mixed Procedure

relative to GAPDH

The Mixed Procedure

Model Information

Data Set WORK.DENS

Dependent Variable PTBvU2AF

Covariance Structure Diagonal

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Residual

Class Level Information

Class Levels Values

cell_line 3 30 31 293

Covariance
Parameter
Estimates

Cov Parm Estimate

Residual 0.004168

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

cell_line 2 6 17.48 0.0031

Least Squares Means

Effect cell_line Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

cell_line 30 0.7282 0.03728 6 19.54 <.0001 0.05 0.6370 0.8194

cell_line 31 0.9655 0.03728 6 25.90 <.0001 0.05 0.8743 1.0568

cell_line 293 1.0218 0.03728 6 27.41 <.0001 0.05 0.9306 1.1131
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relative to GAPDH

The Mixed Procedure

Differences of Least Squares Means

Effect cell_line cell_line Estimate
Standard

Error DF t Value Pr > |t| Adjustment Adj P Alpha Lower Upper

cell_line 30 31 -0.2374 0.05272 6 -4.50 0.0041 Tukey 0.0097 0.05 -0.3663 -0.1084

cell_line 30 293 -0.2937 0.05272 6 -5.57 0.0014 Tukey 0.0034 0.05 -0.4226 -0.1647

cell_line 31 293 -0.05630 0.05272 6 -1.07 0.3266 Tukey 0.5658 0.05 -0.1853 0.07269

Differences of Least Squares Means

Effect cell_line cell_line
Adj

Lower
Adj

Upper

cell_line 30 31 -0.3991 -0.07562

cell_line 30 293 -0.4554 -0.1319

cell_line 31 293 -0.2180 0.1054
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ANOVA for trt effect

The Mixed Procedure

ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.BR1

Dependent Variable sFLt_ddCT

Covariance Structure Diagonal

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Residual

Class Level
Information

Class Levels Values

trt 2 30 31

Covariance
Parameter
Estimates

Cov Parm Estimate

Residual 0.2174

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 1 4 152.55 0.0002

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 30 8.3901 0.2692 4 31.17 <.0001 0.05 7.6427 9.1375

trt 31 3.6879 0.2692 4 13.70 0.0002 0.05 2.9405 4.4353
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ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.BR1

Dependent Variable Flt_ddCT

Covariance Structure Diagonal

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Residual

Class Level
Information

Class Levels Values

trt 2 30 31

Covariance
Parameter
Estimates

Cov Parm Estimate

Residual 0.1078

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 1 4 146.71 0.0003

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 30 8.0822 0.1896 4 42.63 <.0001 0.05 7.5558 8.6086

trt 31 4.8344 0.1896 4 25.50 <.0001 0.05 4.3080 5.3609
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ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.DTE

Dependent Variable Flt_ddCT

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level Information

Class Levels Values

rep 3 1 2 3

trt 5 51 52 53 54 55

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 0

Residual 0.06982

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 4 8 19.26 0.0004

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 51 -0.8086 0.1526 8 -5.30 0.0007 0.05 -1.1604 -0.4567

trt 52 0.2669 0.1526 8 1.75 0.1184 0.05 -0.08494 0.6187

trt 53 -0.6311 0.1526 8 -4.14 0.0033 0.05 -0.9829 -0.2793

trt 54 -0.9207 0.1526 8 -6.04 0.0003 0.05 -1.2725 -0.5689

trt 55 -1.5947 0.1526 8 -10.45 <.0001 0.05 -1.9465 -1.2429
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ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.DTE

Dependent Variable sFLt_ddCT

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level Information

Class Levels Values

rep 3 1 2 3

trt 5 51 52 53 54 55

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 0.03110

Residual 0.007648

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 4 8 265.27 <.0001

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 51 -0.06365 0.1136 8 -0.56 0.5907 0.05 -0.3257 0.1984

trt 52 1.1746 0.1136 8 10.34 <.0001 0.05 0.9125 1.4366

trt 53 1.5870 0.1136 8 13.96 <.0001 0.05 1.3250 1.8491

trt 54 -0.3355 0.1136 8 -2.95 0.0184 0.05 -0.5975 -0.07341

trt 55 0.9178 0.1136 8 8.08 <.0001 0.05 0.6557 1.1799
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ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.DTE

Dependent Variable Long_ddCT

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level Information

Class Levels Values

rep 3 1 2 3

trt 5 51 52 53 54 55

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 0.1256

Residual 0.09377

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 4 8 23.83 0.0002

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 51 -0.2763 0.2704 8 -1.02 0.3367 0.05 -0.8999 0.3472

trt 52 1.4735 0.2704 8 5.45 0.0006 0.05 0.8500 2.0971

trt 53 1.8966 0.2704 8 7.01 0.0001 0.05 1.2731 2.5202

trt 54 0.4070 0.2704 8 1.51 0.1707 0.05 -0.2165 1.0306

trt 55 1.0775 0.2704 8 3.98 0.0040 0.05 0.4540 1.7011

wrhuckle
Text Box
180



ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.DTE

Dependent Variable f13a_ddCT

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level Information

Class Levels Values

rep 3 1 2 3

trt 5 51 52 53 54 55

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 0.01440

Residual 0.04655

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 4 8 187.04 <.0001

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 51 -3.7374 0.1425 8 -26.22 <.0001 0.05 -4.0662 -3.4087

trt 52 0.9613 0.1425 8 6.74 0.0001 0.05 0.6326 1.2900

trt 53 -0.4867 0.1425 8 -3.41 0.0092 0.05 -0.8154 -0.1580

trt 54 -1.1652 0.1425 8 -8.17 <.0001 0.05 -1.4939 -0.8365

trt 55 -1.2836 0.1425 8 -9.00 <.0001 0.05 -1.6123 -0.9549
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ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.DTE

Dependent Variable UTR_ddCT

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level Information

Class Levels Values

rep 3 1 2 3

trt 5 51 52 53 54 55

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 0.01937

Residual 0.02870

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 4 8 21.72 0.0002

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 51 -0.5586 0.1266 8 -4.41 0.0022 0.05 -0.8505 -0.2667

trt 52 -0.2420 0.1266 8 -1.91 0.0922 0.05 -0.5339 0.04988

trt 53 -1.0767 0.1266 8 -8.51 <.0001 0.05 -1.3686 -0.7848

trt 54 -0.8152 0.1266 8 -6.44 0.0002 0.05 -1.1071 -0.5233

trt 55 -1.4225 0.1266 8 -11.24 <.0001 0.05 -1.7144 -1.1306
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ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.DTE

Dependent Variable f13aVflt_ddCT

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level Information

Class Levels Values

rep 3 1 2 3

trt 5 51 52 53 54 55

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 0.000428

Residual 0.04384

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 4 8 144.03 <.0001

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 51 -2.9289 0.1215 8 -24.11 <.0001 0.05 -3.2090 -2.6488

trt 52 0.6944 0.1215 8 5.72 0.0004 0.05 0.4143 0.9746

trt 53 0.1444 0.1215 8 1.19 0.2685 0.05 -0.1357 0.4246

trt 54 -0.2444 0.1215 8 -2.01 0.0790 0.05 -0.5246 0.03568

trt 55 0.3111 0.1215 8 2.56 0.0336 0.05 0.03098 0.5912
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two-way ANOVA for trt

The Mixed Procedure

Model Information

Data Set WORK.WWO

Dependent Variable f13a_ddCT

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level
Information

Class Levels Values

rep 3 1 2 3

trt 2 12 460

U2AF 2 0 1

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 0

Residual 0.1369

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 1 6 14.14 0.0094

U2AF 1 6 17.18 0.0060

trt*U2AF 1 6 6.96 0.0386

Least Squares Means

Effect trt U2AF Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 12 -0.1202 0.1510 6 -0.80 0.4566 0.05 -0.4897 0.2494

trt 460 0.6831 0.1510 6 4.52 0.0040 0.05 0.3135 1.0526

U2AF 0 -0.1611 0.1510 6 -1.07 0.3270 0.05 -0.5307 0.2084

U2AF 1 0.7241 0.1510 6 4.79 0.0030 0.05 0.3545 1.0936

trt*U2AF 12 0 -0.2809 0.2136 6 -1.32 0.2364 0.05 -0.8036 0.2417
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two-way ANOVA for trt

The Mixed Procedure

Least Squares Means

Effect trt U2AF Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt*U2AF 12 1 0.04062 0.2136 6 0.19 0.8554 0.05 -0.4820 0.5633

trt*U2AF 460 0 -0.04136 0.2136 6 -0.19 0.8528 0.05 -0.5640 0.4813

trt*U2AF 460 1 1.4075 0.2136 6 6.59 0.0006 0.05 0.8849 1.9301
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two-way ANOVA for trt

The Mixed Procedure

Model Information

Data Set WORK.WWO

Dependent Variable f13aVflt_ddCT

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level
Information

Class Levels Values

rep 3 1 2 3

trt 2 12 460

U2AF 2 0 1

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 0.006180

Residual 0.07646

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 1 6 28.19 0.0018

U2AF 1 6 36.52 0.0009

trt*U2AF 1 6 0.91 0.3780

Least Squares Means

Effect trt U2AF Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 12 1.7663 0.1217 6 14.52 <.0001 0.05 1.4686 2.0640

trt 460 2.6139 0.1217 6 21.48 <.0001 0.05 2.3162 2.9116

U2AF 0 1.7077 0.1217 6 14.04 <.0001 0.05 1.4100 2.0054

U2AF 1 2.6724 0.1217 6 21.97 <.0001 0.05 2.3747 2.9702

trt*U2AF 12 0 1.3599 0.1660 6 8.19 0.0002 0.05 0.9538 1.7660
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two-way ANOVA for trt

The Mixed Procedure

Least Squares Means

Effect trt U2AF Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt*U2AF 12 1 2.1727 0.1660 6 13.09 <.0001 0.05 1.7666 2.5788

trt*U2AF 460 0 2.0556 0.1660 6 12.39 <.0001 0.05 1.6494 2.4617

trt*U2AF 460 1 3.1722 0.1660 6 19.11 <.0001 0.05 2.7661 3.5783
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two-way ANOVA for trt

The Mixed Procedure

Model Information

Data Set WORK.WWO

Dependent Variable Flt_ddCT

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level Information

Class Levels Values

rep 3 1 2 3

trt 5 2 3 23 233 512

U2AF 2 0 1

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 2.3349

Residual 2.0596

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 4 18 42.36 <.0001

U2AF 1 18 0.13 0.7237

trt*U2AF 4 18 0.33 0.8542

Least Squares Means

Effect trt U2AF Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 2 6.5915 1.0590 18 6.22 <.0001 0.05 4.3665 8.8164

trt 3 3.0624 1.0590 18 2.89 0.0097 0.05 0.8374 5.2873

trt 23 6.8913 1.0590 18 6.51 <.0001 0.05 4.6663 9.1162

trt 233 -1.5833 1.0590 18 -1.49 0.1522 0.05 -3.8082 0.6417

trt 512 -0.01887 1.0590 18 -0.02 0.9860 0.05 -2.2438 2.2061

U2AF 0 3.0827 0.9569 18 3.22 0.0047 0.05 1.0724 5.0930
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two-way ANOVA for trt

The Mixed Procedure

Least Squares Means

Effect trt U2AF Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

U2AF 1 2.8945 0.9569 18 3.02 0.0073 0.05 0.8842 4.9048

trt*U2AF 2 0 6.2214 1.2103 18 5.14 <.0001 0.05 3.6787 8.7642

trt*U2AF 2 1 6.9615 1.2103 18 5.75 <.0001 0.05 4.4188 9.5042

trt*U2AF 3 0 3.5642 1.2103 18 2.94 0.0087 0.05 1.0215 6.1070

trt*U2AF 3 1 2.5605 1.2103 18 2.12 0.0486 0.05 0.01775 5.1032

trt*U2AF 23 0 6.8090 1.2103 18 5.63 <.0001 0.05 4.2663 9.3518

trt*U2AF 23 1 6.9735 1.2103 18 5.76 <.0001 0.05 4.4308 9.5163

trt*U2AF 233 0 -1.4542 1.2103 18 -1.20 0.2451 0.05 -3.9969 1.0885

trt*U2AF 233 1 -1.7123 1.2103 18 -1.41 0.1742 0.05 -4.2550 0.8304

trt*U2AF 512 0 0.2729 1.2103 18 0.23 0.8242 0.05 -2.2698 2.8156

trt*U2AF 512 1 -0.3106 1.2103 18 -0.26 0.8004 0.05 -2.8534 2.2321
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two-way ANOVA for trt

The Mixed Procedure

Model Information

Data Set WORK.WWO

Dependent Variable sFLt_ddCT

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level Information

Class Levels Values

rep 3 1 2 3

trt 5 2 3 23 233 512

U2AF 2 0 1

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 0.2154

Residual 0.7863

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 4 18 21.25 <.0001

U2AF 1 18 7.33 0.0144

trt*U2AF 4 18 1.75 0.1823

Least Squares Means

Effect trt U2AF Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 2 -0.6672 0.4504 18 -1.48 0.1558 0.05 -1.6135 0.2791

trt 3 3.1530 0.4504 18 7.00 <.0001 0.05 2.2067 4.0993

trt 23 -0.3918 0.4504 18 -0.87 0.3958 0.05 -1.3381 0.5545

trt 233 2.0093 0.4504 18 4.46 0.0003 0.05 1.0630 2.9556

trt 512 0.04371 0.4504 18 0.10 0.9238 0.05 -0.9026 0.9900

U2AF 0 1.2678 0.3525 18 3.60 0.0021 0.05 0.5273 2.0084
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two-way ANOVA for trt

The Mixed Procedure

Least Squares Means

Effect trt U2AF Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

U2AF 1 0.3910 0.3525 18 1.11 0.2819 0.05 -0.3496 1.1315

trt*U2AF 2 0 -0.2373 0.5779 18 -0.41 0.6861 0.05 -1.4514 0.9767

trt*U2AF 2 1 -1.0971 0.5779 18 -1.90 0.0738 0.05 -2.3111 0.1170

trt*U2AF 3 0 3.3916 0.5779 18 5.87 <.0001 0.05 2.1776 4.6056

trt*U2AF 3 1 2.9144 0.5779 18 5.04 <.0001 0.05 1.7004 4.1285

trt*U2AF 23 0 -0.2273 0.5779 18 -0.39 0.6987 0.05 -1.4413 0.9868

trt*U2AF 23 1 -0.5564 0.5779 18 -0.96 0.3484 0.05 -1.7704 0.6577

trt*U2AF 233 0 3.2753 0.5779 18 5.67 <.0001 0.05 2.0613 4.4894

trt*U2AF 233 1 0.7433 0.5779 18 1.29 0.2146 0.05 -0.4708 1.9573

trt*U2AF 512 0 0.1369 0.5779 18 0.24 0.8154 0.05 -1.0771 1.3509

trt*U2AF 512 1 -0.04948 0.5779 18 -0.09 0.9327 0.05 -1.2635 1.1646
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two-way ANOVA for trt

The Mixed Procedure

Model Information

Data Set WORK.WWO

Dependent Variable Long_ddCT

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level Information

Class Levels Values

rep 3 1 2 3

trt 5 2 3 23 233 512

U2AF 2 0 1

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 0.2740

Residual 0.6400

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 4 18 17.55 <.0001

U2AF 1 18 0.90 0.3557

trt*U2AF 4 18 1.22 0.3373

Least Squares Means

Effect trt U2AF Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 2 0.2363 0.4450 18 0.53 0.6018 0.05 -0.6985 1.1712

trt 3 3.5155 0.4450 18 7.90 <.0001 0.05 2.5806 4.4503

trt 23 0.8020 0.4450 18 1.80 0.0883 0.05 -0.1328 1.7369

trt 233 2.0770 0.4450 18 4.67 0.0002 0.05 1.1422 3.0119

trt 512 0.4800 0.4450 18 1.08 0.2949 0.05 -0.4548 1.4149

U2AF 0 1.5606 0.3661 18 4.26 0.0005 0.05 0.7916 2.3297
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two-way ANOVA for trt

The Mixed Procedure

Least Squares Means

Effect trt U2AF Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

U2AF 1 1.2837 0.3661 18 3.51 0.0025 0.05 0.5147 2.0528

trt*U2AF 2 0 0.6016 0.5520 18 1.09 0.2901 0.05 -0.5581 1.7612

trt*U2AF 2 1 -0.1289 0.5520 18 -0.23 0.8180 0.05 -1.2886 1.0307

trt*U2AF 3 0 4.1698 0.5520 18 7.55 <.0001 0.05 3.0101 5.3294

trt*U2AF 3 1 2.8612 0.5520 18 5.18 <.0001 0.05 1.7015 4.0208

trt*U2AF 23 0 0.7674 0.5520 18 1.39 0.1814 0.05 -0.3922 1.9271

trt*U2AF 23 1 0.8366 0.5520 18 1.52 0.1470 0.05 -0.3230 1.9963

trt*U2AF 233 0 1.8580 0.5520 18 3.37 0.0034 0.05 0.6983 3.0176

trt*U2AF 233 1 2.2961 0.5520 18 4.16 0.0006 0.05 1.1364 3.4557

trt*U2AF 512 0 0.4064 0.5520 18 0.74 0.4710 0.05 -0.7532 1.5661

trt*U2AF 512 1 0.5536 0.5520 18 1.00 0.3292 0.05 -0.6060 1.7133
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two-way ANOVA for trt

The Mixed Procedure

Model Information

Data Set WORK.WWO

Dependent Variable f13a_ddCT

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level Information

Class Levels Values

rep 3 1 2 3

trt 5 2 3 23 233 512

U2AF 2 0 1

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 0.8035

Residual 0.5846

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 4 18 207.34 <.0001

U2AF 1 18 12.07 0.0027

trt*U2AF 4 18 4.42 0.0115

Least Squares Means

Effect trt U2AF Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 2 9.6504 0.6044 18 15.97 <.0001 0.05 8.3806 10.9201

trt 3 4.1479 0.6044 18 6.86 <.0001 0.05 2.8781 5.4177

trt 23 -0.1715 0.6044 18 -0.28 0.7798 0.05 -1.4413 1.0983

trt 233 -1.3027 0.6044 18 -2.16 0.0449 0.05 -2.5725 -0.03292

trt 512 0.1822 0.6044 18 0.30 0.7665 0.05 -1.0875 1.4520

U2AF 0 2.0162 0.5539 18 3.64 0.0019 0.05 0.8525 3.1800
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two-way ANOVA for trt

The Mixed Procedure

Least Squares Means

Effect trt U2AF Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

U2AF 1 2.9863 0.5539 18 5.39 <.0001 0.05 1.8226 4.1500

trt*U2AF 2 0 8.2248 0.6802 18 12.09 <.0001 0.05 6.7956 9.6539

trt*U2AF 2 1 11.0759 0.6802 18 16.28 <.0001 0.05 9.6468 12.5051

trt*U2AF 3 0 3.6687 0.6802 18 5.39 <.0001 0.05 2.2396 5.0978

trt*U2AF 3 1 4.6271 0.6802 18 6.80 <.0001 0.05 3.1980 6.0563

trt*U2AF 23 0 -0.01986 0.6802 18 -0.03 0.9770 0.05 -1.4490 1.4093

trt*U2AF 23 1 -0.3231 0.6802 18 -0.48 0.6405 0.05 -1.7523 1.1060

trt*U2AF 233 0 -2.0798 0.6802 18 -3.06 0.0068 0.05 -3.5089 -0.6506

trt*U2AF 233 1 -0.5256 0.6802 18 -0.77 0.4497 0.05 -1.9548 0.9035

trt*U2AF 512 0 0.2873 0.6802 18 0.42 0.6777 0.05 -1.1418 1.7165

trt*U2AF 512 1 0.07714 0.6802 18 0.11 0.9110 0.05 -1.3520 1.5063
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two-way ANOVA for trt

The Mixed Procedure

Model Information

Data Set WORK.WWO

Dependent Variable UTR_ddCT

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level Information

Class Levels Values

rep 3 1 2 3

trt 5 2 3 23 233 512

U2AF 2 0 1

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 0.3223

Residual 0.2701

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 4 18 734.71 <.0001

U2AF 1 18 4.99 0.0384

trt*U2AF 4 18 3.94 0.0180

Least Squares Means

Effect trt U2AF Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 2 13.1665 0.3905 18 33.72 <.0001 0.05 12.3462 13.9868

trt 3 4.7079 0.3905 18 12.06 <.0001 0.05 3.8876 5.5282

trt 23 -0.2165 0.3905 18 -0.55 0.5861 0.05 -1.0368 0.6038

trt 233 0.2817 0.3905 18 0.72 0.4798 0.05 -0.5386 1.1021

trt 512 -0.1372 0.3905 18 -0.35 0.7294 0.05 -0.9575 0.6831

U2AF 0 3.3485 0.3542 18 9.45 <.0001 0.05 2.6043 4.0926
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two-way ANOVA for trt

The Mixed Procedure

Least Squares Means

Effect trt U2AF Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

U2AF 1 3.7725 0.3542 18 10.65 <.0001 0.05 3.0284 4.5166

trt*U2AF 2 0 13.0037 0.4444 18 29.26 <.0001 0.05 12.0701 13.9372

trt*U2AF 2 1 13.3293 0.4444 18 30.00 <.0001 0.05 12.3957 14.2629

trt*U2AF 3 0 3.7676 0.4444 18 8.48 <.0001 0.05 2.8340 4.7012

trt*U2AF 3 1 5.6483 0.4444 18 12.71 <.0001 0.05 4.7147 6.5818

trt*U2AF 23 0 -0.2521 0.4444 18 -0.57 0.5775 0.05 -1.1857 0.6815

trt*U2AF 23 1 -0.1809 0.4444 18 -0.41 0.6887 0.05 -1.1145 0.7527

trt*U2AF 233 0 0.2213 0.4444 18 0.50 0.6244 0.05 -0.7122 1.1549

trt*U2AF 233 1 0.3422 0.4444 18 0.77 0.4513 0.05 -0.5914 1.2757

trt*U2AF 512 0 0.001779 0.4444 18 0.00 0.9969 0.05 -0.9318 0.9354

trt*U2AF 512 1 -0.2762 0.4444 18 -0.62 0.5420 0.05 -1.2098 0.6574

wrhuckle
Text Box
197



two-way ANOVA for trt

The Mixed Procedure

Model Information

Data Set WORK.WWO

Dependent Variable f13aVflt_ddCT

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level Information

Class Levels Values

rep 3 1 2 3

trt 5 2 3 23 233 512

U2AF 2 0 1

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 0.3795

Residual 2.0579

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 4 18 43.26 <.0001

U2AF 1 18 4.89 0.0402

trt*U2AF 4 18 0.96 0.4555

Least Squares Means

Effect trt U2AF Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 2 3.0589 0.6852 18 4.46 0.0003 0.05 1.6194 4.4984

trt 3 1.0856 0.6852 18 1.58 0.1305 0.05 -0.3540 2.5251

trt 23 -7.0628 0.6852 18 -10.31 <.0001 0.05 -8.5023 -5.6233

trt 233 0.2806 0.6852 18 0.41 0.6870 0.05 -1.1590 1.7201

trt 512 0.2011 0.6852 18 0.29 0.7725 0.05 -1.2384 1.6406

U2AF 0 -1.0664 0.5135 18 -2.08 0.0524 0.05 -2.1453 0.01239
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two-way ANOVA for trt

The Mixed Procedure

Least Squares Means

Effect trt U2AF Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

U2AF 1 0.09178 0.5135 18 0.18 0.8601 0.05 -0.9871 1.1706

trt*U2AF 2 0 2.0033 0.9014 18 2.22 0.0393 0.05 0.1096 3.8970

trt*U2AF 2 1 4.1144 0.9014 18 4.56 0.0002 0.05 2.2208 6.0081

trt*U2AF 3 0 0.1044 0.9014 18 0.12 0.9090 0.05 -1.7892 1.9981

trt*U2AF 3 1 2.0667 0.9014 18 2.29 0.0341 0.05 0.1730 3.9604

trt*U2AF 23 0 -6.8289 0.9014 18 -7.58 <.0001 0.05 -8.7226 -4.9352

trt*U2AF 23 1 -7.2967 0.9014 18 -8.10 <.0001 0.05 -9.1904 -5.4030

trt*U2AF 233 0 -0.6256 0.9014 18 -0.69 0.4965 0.05 -2.5192 1.2681

trt*U2AF 233 1 1.1867 0.9014 18 1.32 0.2045 0.05 -0.7070 3.0804

trt*U2AF 512 0 0.01444 0.9014 18 0.02 0.9874 0.05 -1.8792 1.9081

trt*U2AF 512 1 0.3878 0.9014 18 0.43 0.6721 0.05 -1.5059 2.2815
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ANOVA for trt effect

The Mixed Procedure

ANOVA for trt effect

The Mixed Procedure

Model Information

Data Set WORK.TOY

Dependent Variable _3a_ddCT

Covariance Structure Variance Components

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level Information

Class Levels Values

rep 3 1 2 3

trt 7 1 2 4 5 6 7 8

Covariance
Parameter
Estimates

Cov Parm Estimate

rep 0.06753

Residual 0.1051

Type 3 Tests of Fixed Effects

Effect
Num

DF
Den
DF F Value Pr > F

trt 6 11 64.14 <.0001

Least Squares Means

Effect trt Estimate
Standard

Error DF t Value Pr > |t| Alpha Lower Upper

trt 1 -2.4667 0.2399 11 -10.28 <.0001 0.05 -2.9947 -1.9387

trt 2 -2.2844 0.2399 11 -9.52 <.0001 0.05 -2.8124 -1.7565

trt 4 -1.6400 0.2399 11 -6.84 <.0001 0.05 -2.1680 -1.1120

trt 5 -0.3796 0.2782 11 -1.36 0.1996 0.05 -0.9919 0.2326

trt 6 0.4167 0.2399 11 1.74 0.1103 0.05 -0.1113 0.9447

trt 7 -0.05444 0.2399 11 -0.23 0.8246 0.05 -0.5824 0.4735

trt 8 1.5889 0.2399 11 6.62 <.0001 0.05 1.0609 2.1169
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