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ABSTRACT 

 

CSF-1 mRNA 3’UTR variants (var) are generated from alternative splicing. CSF-1 protein 

encoded by var-1 mRNA with long 3’UTR derived from exon-10 is rapidly secreted compared to 

the CSF-1 protein encoded by var-4 mRNA with short 3’UTR derived from exon-9. Secretion 

kinetics indicates that HuR, which binds the CSF-1 var-1 mRNA, but not var-4 mRNA, 

accelerates the secretion of CSF-1 protein. HuR overexpression increases the secretion rate of 

CSF-1 protein. In contrast, silencing of HuR does not have such an effect, suggesting other 

compensatory mechanisms. Effect of the CSF-1 mRNA variant 3’UTRs on cellular phenotype 

shows both CSF-1 var-1 or -4 mRNA is involved in the enhanced rates of migration and invasion 

observed by both in vitro in breast cancer cells. Our study indicates that the alternative splicing 

of CSF-1 mRNA 3’UTR can regulate differential secretion of CSF-1 protein.  
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1. Introduction 

 

Multiple CSF-1 transcripts, which encode the macrophage colony stimulating factor, are 

produced by alternative splicing [1,2]. These transcripts generate different sizes of primary 

polypeptides ranging from ~29 kDa to ~61 kDa. Posttranslational proteolytic cleavage and 

glycosylation also generates different size polypeptides [3]. Newly synthesized CSF-1 proteins 

are found in the secreted form, and also as a membrane-bound form which is missing the 

proteolytic cleavage site for secretion. The secreted CSF-1 proteins, glycosylated homodimer 

and also multimer [4], are encoded by full length coding sequences of CSF-1 transcripts. In 

contrast, the membrane-bound CSF-1 proteins, which have no spacer region [3], are encoded by 

alternative spliced CSF-1 transcripts missing exon-6. 

Both infiltrating macrophages as well as breast cancer cells co-express CSF-1 and CSF-1 

receptor (CSF-1R). Paracrine interactions through CSF-1/CSF-1R binding between them rely 

primarily on secretion of CSF-1, with these interactions being dominant in determination of 

tumor behavior in the tumor microenvironment. On the other hand, autocrine and intracellular 

CSF-1/CSF-1R pathways also contribute to cellular behavior including invasiveness of cancer 

cells [5]. Understanding the roles of the two major CSF-1 transcripts may help dissect the 

regulatory mechanism for secretion of CSF-1 proteins.  

In the conventional protein secretion pathway, the translating polypeptides with signal 

sequence and/or transmembrane domain produced in the ribosome are transported to the 

endoplasmic reticulum, and delivered to the Golgi apparatus, then to the trans-Golgi network 

(TGN), and subsequently to the plasma membrane (PM) [6]. At the PM, proteins are discharged 

extracellularly by proteolysis. 
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The 3’ untranslated regions (3’UTRs) of mRNAs regulate diverse steps impacting gene 

expression, such as mRNA localization [7], translation, and mRNA stability [8]. Recent studies 

indicate that the 3’UTRs also act as scaffolds and mediate protein-protein interactions leading to 

the subcellular localization of protein [9].  

 In breast cancer cells, four major transcripts of CSF-1 are present [10]. These transcripts 

are derived from alternative splicing of premature transcript. Among them, var-1 and -4 

transcripts are the most abundant and together comprised of more than 95% of CSF-1 mRNAs. 

Var-1 and -4 transcripts encode the same full length ~61 kDa polypeptide, containing an intact 

exon 6 [11]. After translation in rough endoplasmic reticulum, these polypeptides dimerize to 

form homodimer proteoglycan in the Golgi apparatus, and are secreted extracellularly [12]. 

However, our current report indicates that there is a differential secretion between var-1 and -4 

encoded CSF-1 proteins, i.e., var-1 encoded CSF-1 protein is rapidly secreted comparing to that 

of var-4 encoded protein. The only difference between var-1 and -4 transcripts of CSF-1 is the 

3’UTR, i.e., the long 3’UTR of var-1 mRNA is derived from exon-10; meanwhile the short 

3’UTR of var-4 mRNA is derived from exon-9. Var-1 mRNA 3’UTR has multiple AU-rich 

elements and U-rich sequences, which are the binding sites for RNA binding proteins, such as 

HuR, nucleolin [8], and GAPDH [13]. In contrast, the AU-rich element is not found in var-4 

mRNA 3’UTR. HuR binds AU-rich and U-rich sequences [14] as well as pyrimidine-rich CUU-

repeats [15]. Binding of HuR to the 3’UTR regulates mRNA stability [16]. Current study 

indicates that HuR binds the CSF-1 mRNA var-1 and accelerates the secretion of CSF-1 protein.  
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2. Materials and Methods 

 

2.1. Cell Culture 

  

BT20 breast cancer cells were cultured in MEM supplemented with 10% fetal bovine serum. 

Hey ovarian cancer cells were cultured in DMEM/F12 supplemented with 10% fetal bovine 

serum.  

 

 

2.2. CSF-1 silencing in BT20 cells 

 

For silencing of CSF-1 var-1 mRNA, shRNA (i.e. shCSF-1) (Dharmacon TRC0000058558) 

was transfected. For silencing of CSF-1 var-4 mRNA, shRNA (i.e. shCSF-4) 

(AAGCCTTCCTGGCTTCTCCACAACCTTCTGA in pGFP-V-RS, in this study) was 

transfected.  

 

2.3. Secretion kinetics by luciferase reporter assay 

 

Firefly luciferase fused with CSF-1 CDS and var-1 or -4 3’UTR were constructed. Twenty-

four hours later after transfection of BT20 cells, protein transport inhibitors (20 µM Brefeldin 

A and 4 µM Monensin) [17] were added for 2 h. Cells were washed with PBS 3 times, and 

then 500 µl MEM supplemented with 10% fetal bovine serum was added for further 

incubation. Medium was collected at 0 h, 4 h, 6 h, 18 h, 22 h, 24 h, and 26 h for luciferase 
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assay. For cytoplasmic fraction, cells were lysed by 500 µl passive lysis buffer (Promega). 

Twenty microliter each from cytoplasmic lysates and culture medium were used for 

luciferase assay. Firefly luciferase activity was normalized by Renilla luciferase.  

 

 

2.4. IP-qRT-PCR and Immunoblot 

 

Immunoprecipitation (IP) of the endogenous mRNP complex was done by the protocol 

described previously with modifications [8]. For HuR IP, 5 µg mouse monoclonal anti-

human HuR antibody (Santa Cruz, sc-5261) was used. A reaction containing normal mouse 

IgG (Sigma) served as a negative control.  

For immunoblot, cytoplasmic protein was isolated using NE-PER nuclear and 

cytoplasmic extraction reagents (ThermoFisher Scientific). For CSF-1 detection, CSF-1 

monoclonal antibody (Santa Cruz, sc-365779) was used.  

 

 

2.5. HuR overexpression and silencing in BT20 cells 

HuR-pcDNA3.1 was transfected for overexpression. For silencing, HuR shRNA (Origene, 

TI352933) was transfected.  

 

2.6. CSF-1 sandwich ELISA 
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Secreted CSF-1 protein was measured by CSF-1 sandwich ELISA as described previously 

[13] and was reported as ng of CSF-1 per ml of medium ± SD.  

 

2.7.Statistical Analyses 

 

Data are depicted as mean±SD from at least three independent experiments. Exact n values 

are provided in the figure legends. The unpaired two-way t-test, nonlinear regression 

analysis, and one-way ANOVA were performed using SigmaStat (Jandel Scientific Corp.). 

P<0.05 was considered statistically significant.   
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3. Results 

 

3.1. Alternative spliced CSF-1 transcripts in BT20 breast cancer cells 

The NIH NCBI human genomic plus transcript search yields four CSF-1 mRNA variants, 

which are products of alternative splicing (Supplementary Fig. 1A). The CSF-1 mRNA var-1 

and -4 are major transcripts in BT20 breast cancer cells [10]. The var-1 mRNA composes 

56.5% and var-4 mRNA composes 39.3% of total CSF-1 mRNAs, and together composes 

more than 95.8% of total CSF-1 mRNAs in BT20 cells. Both transcripts have the same 

5’UTR and the full-length coding sequences including the intact exon 6, but have different 

3’UTR sequences.  

In contrast, the middle of the coding sequences (i.e., spacer region) in CSF-1 mRNA var-

2 and -3 are deleted by alternative splicing, i.e. a portion of exon-6 is removed by alternative 

splicing. This section of exon-6 contains the site for proteolytic cleavage, missing in the 

membrane bound form, which allows for efficient cleavage of the CSF-1 protein from the 

cell surface. Hence, alternative splicing of exon 6 is one way that determines whether the 

CSF-1 protein remains membrane-bound or is secreted. CSF-1 var-2 mRNA has only 13nt 

3’UTR, while the 3’UTR of var-3 mRNA is derived from exon-10.  

Var-1 and -4 transcripts encode the same ~61 kDa polypeptide (554 aa) with N-terminal 

signal peptide and C-terminal transmembrane domain. 

The 3’UTR sequence specific antisense RNA probes detect either var-1 or -4 transcripts 

in northern analysis (Supplementary Fig. 1B), i.e., exon-10 specific antisense RNA probe 

(Supplementary Fig. 1A) detects major var-1 and minor var-3 transcripts. Exon-9 specific 

antisense RNA probe (Supplementary Fig. 1A) detects only var-4 transcript. 
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 Since two major transcripts with the alternative 3’UTRs encode a same ~61kDa 

polypeptide, the molecular and biological functions of CSF-1 mRNA var-1 and var-4 with 

the alternative 3’UTRs were further analyzed. 

 

 

3.2. CSF-1 protein encoded by var-1 mRNA is preferentially secreted 

Since the major ~61kDa CSF-1 protein is secreted extracellularly, we determined which 

transcripts preferentially encode the secreted CSF-1 protein. Either var-1 or -4 mRNA was 

silenced by sequence specific shRNAs (i.e., shVar-1, shVar-4) in BT20 cells. Silencing of 

var-1 mRNA (shVar-1) decreases the CSF-1 var-1 mRNA by 3.8-fold (Fig. 1A) compared to 

the scrambled shRNA transfected BT20 cells. Var-1 shRNA has no effect on var-4 mRNA. 

By immunoblot, we showed that silencing of var-1 mRNA with shRNA decreased the level 

of cytoplasmic CSF-1 protein encoded by var-1 mRNA by 2.9-fold compared to the 

scrambled shRNA transfected BT20 cells (Fig. 1B). The remaining cytoplasmic CSF-1 is 

derived from both incomplete silencing of var-1 RNA as well as unaffected var-4 mRNA, 

since var-4 mRNA composes 39.3% of total CSF-1 mRNA [10]. Furthermore, the secreted 

CSF-1 protein level was decreased by 3.2-fold (One way ANOVA, n=3, p=0.003) in 

response to the var-1 mRNA silencing (Fig. 1C).  

 Silencing of var-4 mRNA (shVar-4) decreases the CSF-1 var-4 mRNA by 6.4-fold (Fig. 

1D) compared to the scrambled shRNA transfected BT20 cells. Var-4 shRNA has no effect 

on var-1 mRNA. By immunoblot, we showed that silencing of var-4 mRNA with shRNA 

decreased the cytoplasmic CSF-1 protein encoded by var-4 mRNA by 3.6-fold compared to 

the scrambled shRNA transfected BT20 cells (Fig. 1E). The remaining cytoplasmic CSF-1 is 
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derived from both incomplete silencing of var-4 RNA as well as unaffected var-1 mRNA, 

since var-1 mRNA composes 56.5% of total CSF-1 mRNA [10]. However, the effect of 

silencing var-4 mRNA on level of secreted CSF-1 protein is dramatically different from the 

effect of silencing var-4. We observe only a decrease of ~15% (One way ANOVA, n=3, 

p=0.001) of secreted CSF-1 protein by silencing the var-4 mRNA (Fig. 1F).  

 In conclusion, CSF-1 protein encoded by var-1 mRNA is secreted efficiently. In contrast, 

CSF-1 protein encoded by var-4 mRNA is secreted less efficiently. 

 

 

3.3. CSF-1 CDS together with the var-1 3’UTR is responsible for rapid secretion 

Since the 3’UTR is the only difference between CSF-1 var-1 and -4 transcripts, and to obtain 

insight into the mechanism by which these 3’UTRs determine the preferential secretion of 

CSF-1 protein in BT20 cells, we generated constructs of luciferase RNA fused to the CSF-1 

mRNA CDS and 3’UTRs (Fig. 2A). The CSF-1 protein CDS has a hydrophobic signal 

sequence at the N-terminal and transmembrane domain at the C-terminal, as well as the intact 

exon 6 for spacer region (Fig. 2A). 

We found that 82.1±2.3% of luciferase fused with the CSF-1 CDS and var-1 3’UTR was 

secreted after 24 h of transfection (Fig. 2B). In contrast, only 35.7±1.7% of luciferase fused 

with the CSF-1 CDS and var-4 3’UTR was secreted after 24 h of transfection (Fig. 2B).  

 To further investigate the secretion kinetics, a time-dependent secretion was measured 

(Fig. 2C). The secretion of luciferase fused with the CSF-1 CDS and var-1 3’UTR was 

dramatically increased in 24 h, compared to the secretion of luciferase fused with the CSF-1 

CDS and var-4 3’UTR. In 24 h, the secreted luciferase fused with the CSF-1 CDS and var-1 
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3’UTR was 5-fold more (>500%) than the luciferase in the cytoplasm. In contrast, the 

secreted luciferase fused with the CSF-1 CDS and var-4 3’UTR was 2-fold less (~50%) than 

the cytoplasmic luciferase. 

 To determine whether the 3’UTR itself without CSF-1 CDS is sufficient for differential 

secretion, GFP fused with the 3’UTRs was made to measure the secretion activity (Fig. 2D). 

The secretion of GFP with the 3’UTR was minimal for both constructs (Fig. 2E). And, there 

was no significant difference in the minimal secretion between two constructs. This indicates 

that the CDS, as expected, is required for var-1 3’UTR to enhance rapid secretion of CSF-1 

protein. This CDS is full-length, and contains the entire spacer region encoded by exon 6.  

 In conclusion, CSF-1 mRNA 3’UTRs are involved in differential secretion of CSF-1 

protein in BT20 cells. The CSF-1 protein encoded by var-1 mRNA is rapidly secreted 

comparing to the CSF-1 protein encoded by var-4 mRNA.  

 

 

3.4. Assessment of secreted CSF-1 mutant phenotypes in BT20 cells 

Since CSF-1 mRNA var-1 3’UTR is involved in rapid secretion of CSF-1 protein, we studied 

the functional analysis of CSF-1 var-1 and -4 transcripts in vitro. Using BT20 cells, we 

performed in vitro loss-of-function analysis by silencing CSF-1 var-1 or -4 mRNA by 

sequence specific shRNAs (shVar-1, shVar-4). Silencing of CSF-1 expression by either var-1 

or -4 specific shRNAs had no effect on cell proliferation, i.e., the maximum cell proliferation 

reached in 5 days in all cases (Supplementary Fig. 2A).  

Effects of silencing of CSF-1 mRNA on directed motility was studied (Fig. 2B). 

Silencing of either CSF-1 var-1 (shVar-1) or -4 (shVar-4) decreased the degree of motility by 
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1.3-fold and 1.5-fold respectively, compared to the scrambled shRNA cells (One way 

ANOVA, n=3, P=0.036 for var-1, P=0.013 for var-4; Supplementary Fig. 2B).   

In vitro invasion of these cells through a human extracellular matrix was also studied using 

a transwell assay. Silencing of either CSF-1 var-1 (shVar-1) or -4 (shVar-4) decreased the 

degree of invasion by 1.4-fold and 1.5-fold respectively, compared to the scrambled shRNA 

cells (One-way ANOVA, n=3, P=0.01 for var-1, P=0.003 for var-4; Supplementary Fig. 2C). 

Taken together, we conclude that the silencing of either CSF-1 var-1 or -4 mRNA decreases 

the degree of motility and invasion to the same extent, without affecting cell proliferation.  

 

 

3.5. HuR interacts with the CSF-1 var-1 transcript, but not with the var-4 transcript 

The CSF-1 mRNA 3’UTR of var-1 transcript has several AU-elements and U-rich motifs for 

putative binding of HuR [18]. In contrast, var-4 transcript has no putative HuR binding 

region.  

To test whether HuR directly associates with var-1 mRNA, IP assay was performed in 

BT20 cells (Fig. 3A). Association of var-1 mRNA with HuR was determined by isolating 

RNA from the IP material and analyzing it by quantitative real-time PCR. As shown in Fig. 

3B, in cellular lysates, the var-1 mRNA was dramatically enriched in HuR IP samples 

compared to that in control IgG IP samples. The association of var-1 mRNA with HuR was 

11.8-fold higher than that seen in the control IgG IP reaction (Fig. 3B). In contrast, the 

association of var-4 mRNA with HuR was not observed (Fig. 3C). Similar results were also 

observed in Hey ovarian cancer cells (Fig. 3D,E). 
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Taken together, HuR preferentially associates with CSF-1 var-1, not var-4, transcript in 

BT20 breast cancer cells and Hey ovarian cancer cells. 

 

 

3.6. HuR increases the secretion of CSF-1 protein 

Since HuR interacts with the CSF-1 var-1 mRNA, we studied the influence of 

HuR on CSF-1 mRNA secretion. In order to determine the relative influence of HuR on the 

expression of CSF-1, HuR was overexpressed (OE) or silenced by shRNA in BT20 cells. We 

determined the effects of altering the level of HuR on the level of CSF-1 mRNA and protein 

in BT20 cells (Fig. 4). The overexpression (OE) of HuR increases the CSF-1 var-1 mRNA by 

1.23-fold (One way ANOVA, n=3, P<0.001), but does not have effect on CSF-1 var-4 

mRNA (One way ANOVA, n=3, P=0.668) (Fig. 4A). In contrast, HuR overexpression 

decreased the cytoplasmic CSF-1 protein level by 2.2-fold (Fig. 4B), and increased the 

secreted CSF-1 protein level by 2.8-fold (One way ANOVA, n=3, P=0.003) (Fig. 4C) 

compared to the empty vector-transfected BT20 cells (empty). We confirmed that HuR 

protein level was increased in response to HuR overexpression (Fig. 4B). 

We also silenced the HuR expression with shRNA (Fig. 4D~F). Silencing of HuR did not 

influence the level of CSF-1 var-1 and -4 mRNAs (Fig. 4D) compared to the scrambled 

shRNA transfected BT20 cells.  Silencing of HuR with shRNA did not influence the 

cytoplasmic or secreted protein level compared to the scrambled shRNA transfected BT20 

cells (Fig. 4E,F). As expected, we confirmed that HuR protein level was decreased in 

response to HuR silencing (Fig. 4E).  
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 We conclude that HuR accelerates the secretion of CSF-1 protein, however other 

compensatory mechanisms also contribute to CSF-1 secretion, as there was no effect of HuR 

silencing on CSF-1 secretion. HuR also likely stabilizes CSF-1 var-1 mRNA as expected.   

 

3.7. Secretion kinetics of CSF-1 protein influenced by HuR 

Since HuR increases the secretion of CSF-1 protein (Fig. 4), we decided to study the 

secretion kinetics influenced by HuR. In 20 h, overexpression of HuR increased the CSF-1 

secretion by 2-fold compared to the empty vector transfected BT20 cells (Supplementary Fig. 

3A). In contrast, silencing of HuR did not influence the secretion of CSF-1 protein 

(Supplementary Fig. 3B).  

 We conclude that HuR accelerates the secretion of CSF-1 protein, but HuR itself is not 

the sole factor for CSF-1 secretion since silencing of HuR has no significant effect.  
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4. Discussion 

The mRNA 3’UTR contains regulatory elements for post-transcriptional regulation. The 

mRNA 3’UTR is also involved in protein-protein interactions [9]. The 3’UTR with multiple AU-

rich elements interacts with HuR and mediates protein-protein interactions, which leads to 

protein subcellular localization. For example, CD47 protein derived from different variant 

mRNAs with long vs. short 3’UTRs reside in different subcellular locations, with HuR binding 

to the AU-rich variant within the long 3’UTR, leading to localization on the cell surface [9]. 

CD47 protein encoded by mRNA with the long 3’UTR is localized on the cell surface, while 

CD47 protein encoded by mRNA with the short 3’UTR is localized in the endoplasmic 

reticulum.  

  Like the CD47 mRNA with long 3’UTR, the CSF-1 protein encoded by var-1 mRNA 

with long 3’UTR containing AU-rich sequences interacting with HuR (Fig. 3) may be rapidly 

localized to cell surface, and further processed for secretion, since HuR’s interaction with CSF-1 

var-1 mRNA accelerates the extracellular secretion of CSF-1 protein (Fig. 4 and Supplementary 

Fig. 3). In contrast, the CSF-1 protein encoded by var-4 mRNA with short 3’UTR is mainly 

found in the cytoplasmic fraction (Fig. 1 and 2), indicating 3’UTR-mediated differential 

secretion of CSF-1 protein. The 3’UTR alone is not enough for differential secretion (Fig. 2), and 

requires the CDS, which are required for subcellular localization of protein [9].  

Alternative splicing is also a regulatory factor for protein secretion. Genome-wide search 

indicates that alternative isoforms generated by alternative splicing controls steps along the 

secretion pathway [19]. In addition, RNA-binding proteins together with alternative splicing 

controls membrane-trafficking [20]. Alternative spliced mRNA 3’UTR regulates the localization 

of both mRNA and protein [21]. For example, two isoforms of cdc42 transcripts with different 
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3’UTRs are differentially localized at both mRNA and protein levels, and its localization is 

dependent on 3’UTR. Similarly, we find differential secretion of CSF-1 protein is also regulated 

by alternative splicing of 3’UTRs, i.e., rapid secretion of var-1 encoded CSF-1 protein (Fig. 2).   

CSF-1 mRNA var-1 has a long 3’UTR derived from exon-10, which contains multiple 

AU-rich elements and U-rich regions which are binding sites of HuR and nucleolin [8]. We 

previously reported that nucleolin stabilizes the CSF-1 var-1 mRNA, by binding to the AU-rich 

elements and U-rich regions [8].  Our data indicates that HuR, an AU-rich RNA binding protein, 

and nucleolin compete for binding of the CSF-1 var-1 mRNA (Unpublished). One reason for 

lack of effect on CSF-1 mRNA and protein by silencing of HuR (Fig. 4D~F) can be explained by 

competition of HuR and nucleolin binding. In contrast, the CSF-1 mRNA var-4 does not interact 

with HuR (Fig. 3), and the lower level secretion of CSF-1 protein encoded by var-4 mRNA is not 

influenced by HuR (Supplementary Fig. 3).  

We demonstrate that the alternative spliced CSF-1 mRNA var-1 and -4 are involved in 

differential CSF-1 protein secretion (Fig. 2), as well as the maintenance of a proper level of CSF-

1 in the cytoplasm (Fig. 1). Silencing CSF-1 by shRNA targeting either var-1 or -4 mRNAs still 

maintains a similar level of baseline cytoplasmic CSF-1, when compared to that of the control 

condition (Fig. 1). A balance between cellular CSF-1 levels and CSF-1 which is rapidly secreted, 

may be crucial for cellular physiology and behavior.  

Silencing CSF-1 var-1 mRNA dramatically decreases the level of secreted CSF-1 (Fig. 

1C), indicating a critical and preferential involvement of var-1 mRNA in both autocrine and 

paracrine signal transduction [22]. On the other hand, silencing of CSF-1 var-4 has minimal 

effect on secreted CSF-1 levels, suggesting the role of var-4 resides more within the cell, 

allowing for important intracrine interactions. In the future, the phenotypic aspects of differential 
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secretion of CSF-1 protein by var-1 and -4 transcripts need to be studied within the tumor 

microenvironment, whereby the paracrine effects can also be observed. 
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Figure Legends 

 

Figure 1. (A) qRT-PCR of CSF-1 var-1 and -4 mRNAs. Silencing of CSF-1 var-1 mRNA by 

shRNA (shVar-1). (B) Western blot shows the downregulation of CSF-1 by shRNA targeting 

var-1 mRNA. (C) ELISA of total cellular protein shows the 3.2-fold decrease of secreted CSF-1 

by shRNA targeting var-1 mRNA compared to the scramble. (D) qRT-PCR of CSF-1 var-1 and 

var-4 mRNAs. Silencing of CSF-1 var-4 mRNA by shRNA (shVar-4). (E) Western blot shows 

the downregulation of CSF-1 by shRNA targeting var-4 mRNA. (F) ELISA shows the secreted 

CSF-1 by shRNA targeting var-4 mRNA. Secreted CSF-1 level is decreased by ~15% in shVar-4 

transfected cells compared to the scramble.  

 

Figure 2. (A) Firefly luciferase gene is fused to the N-terminal of CSF-1 var-1 (or, var-4) mRNA 

with coding sequence (CDS) and 3’UTR. (B) Luciferase activity of var-1 construct is 5-fold 

higher in the medium. In contrast, luciferase activity of var-4 construct is 2-fold higher in the 

cytoplasm. (C) Time-dependent secretion shows that the secreted luciferase of var-1 construct 

was ~500% of the cytoplasmic luciferase in 24 h. In contrast, secreted luciferase of var-4 

construct was ~50% of the cytoplasmic luciferase in 24 h. (D) GFP gene is fused to the CSF-1 

var-1 (or, var-4) 3’UTR, in the absence of the CDS. (E) Western blot shows no significant 

difference in secreted GFP level between var-1 and var-4 constructs. Cytoplasmic CSF-1 and 

secreted CSF-1 are similar between var-1 and -4 constructs transfected BT20 cells. Actin serves 

as a control.  
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Figure 3. (A) Immunoprecipitation of HuR in BT20 and Hey cells. (B) CSF-1 mRNA var-1 co-

immunoprecipitates with HuR, but var-4 did not co-immunoprecipitate with HuR in BT20 cells 

and (C) Hey cells. Data in IP-qRT-PCR is an average of 3 sets of experiments. CSF-1 mRNA 

level is normalized by GAPDH mRNA. 

 

Figure 4. qRT-PCR shows (A) HuR overexpression increases CSF-1 var-1 mRNA, not var-4 

mRNA in BT20 cells. (B) Immunoblot shows HuR overexpression decreases cytoplasmic CSF-1 

protein, and (C) increases secreted CSF-1 protein in BT20 cells assayed by ELISA. (D) 

Silencing by shRNA does not influence the steady state level of CSF-1 var-1 and -4 mRNAs in 

BT20 cells. (E) Immunoblot shows silencing of HuR does not have significant effects on either 

cytoplasmic CSF-1 protein, or (F) secreted CSF-1 protein in BT20 cells assayed by ELISA. Data 

in qRT-PCR is an average of 3 sets of experiments. CSF-1 mRNA level is normalized by 

GAPDH mRNA. Immunoblot and ELISA were repeated 3 times with same results. 
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