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Abstract 

Various sense ncRNA transcripts targeting nucleolin and vigilin, and shRNA transcripts 

targeting CSF-1 and c-fms mRNAs were introduced into Hey ovarian cancer and BT20 breast 

cancer cell lines to measure their influence on CSF1R and CSF1 protein expression. In BT20 

cells transcripts c-fms-C-rich 104-S, c-fms-(CS-rCS), and c-fms-Py-S were found to 

downregulate CSF1R expression. In BT20 cells transcripts CSF-1-Exon-10-356-S and CSF-1 

(CS-rCS) were found to have a downregulatory effect on CSF1 expression while transcript CSF-

1-5'UTR-420-S was found to upregulate CSF1 expression. In Hey cells transcript CSF-1-3'UTR-

AS-Pyrimidine was found to downregulate CSF1 expression while transcript CSF-1mRNA-

Variant-4-5'UTR was found to have upregulate CSF1 expression. Also in Hey cells, both 

transcripts c-fms C-rich-104-S and c-fms-Py-S were found to upregulate CSF1R expression. 

These results indicate that ncRNAs are able to have a regulatory effect on CSF1 and CSF1R 

expression but also suggest that the mechanism of regulation is complex. Furthermore, the 

complex mechanism makes it difficult to predict if the transcript will have its intended effect. We 

concluded that differences in baseline RNA binding protein concentrations and other regulatory 

mechanisms, such as microRNAs, account for the conflicting results between the BT20 and Hey 

cell lines when comparing the same inserted transcript.    

 

 

 

 

 



Introduction 

 Many different oncogenes and proto-oncogenes have been discovered and characterized 

to promote the proliferation of epithelial cells in both ovarian and breast cancers. Among the 

different proto-oncogenes that are shared by both ovarian and breast cancers is a gene for a 

particular protein named CSF1R, the sole receptor for CSF1. The c-fms proto-oncogene encodes 

a cell-surface receptor tyrosine kinase (CSF1R) whose ligand is CSF-1, otherwise known as the 

macrophage colony stimulating factor. CSF1 binding to CSF1R in mammary epithelial cells 

promotes both cell proliferation and loss of the basement membrane architecture (Wrobel et al, 

2004). Studies have shown that both CSF1 and CSF1R are involved in ovarian cancer 

carcinogenesis (Chambers, 2009). Furthermore, studies have shown that CSF1 expression is 

upregulated in individuals with breast and ovarian cancer when compared to individuals without 

cancer (Tamini et all, 2008). High levels of CSF1 protein are also found to be correlated with 

poor patient prognosis in patients with ovarian cancer (Chambers et al, 1997). Sapi, et al. (2006) 

showed that transfecting normal, noninvasive mammary epithelial cells with high levels of c-fms 

significantly increased the invasive phenotype of the cells. Sapi (2004) concluded in a further 

study that increased levels of CSF1 and CSF1R are correlated with increased tumor invasiveness 

as well as metastasis.  

A recent study found that only 20 percent of all transcription in the human genome is associated 

with protein-coding genes. This suggests that the majority of transcription produces long non-

coding RNA (lncRNA) sequences rather than coding sequences (Kapranov 2007). These 

lncRNA sequences fall under an umbrella of RNA sequences named non-coding RNAs that have 

a very diverse range of functions. ncRNAs are involved in many different biological mechanisms 

including protein translation (ribosomal and transfer RNA), gene regulation (miRNA and 



siRNA), and RNA splicing (snRNPs). Studies have repeatedly shown that non-coding sense and 

antisense transcripts can play an integral role in the regulation of gene expression, resulting in 

altered expression of the affected proteins (Matera, 2007). The focus of our study is on the post-

transcriptional regulatory effects of ncRNAs. The proposed mechanism is that these ncRNAs of 

varying lengths may titrate out regulatory UTR RNA binding proteins. This model predicts that 

sequestration of these UTR RNA binding proteins reduces their active-state concentration and 

subsequently reduces their ability to carry out their normal function. In contrast, antisense 

ncRNA strands have the ability to bind to endogenous mRNA sequences forming an RNA 

duplex that may mask key elements from binding to the mRNA or may induce mRNA decay 

through the RNAi pathway. mRNA expression levels can also be altered through the insertion of 

plasmids containing small hairpin RNA (shRNA) sequences. shRNA is a artificial RNA 

sequence that forms a tight hairpin loop structure which can be used to control gene expression 

through the RNA interference (RNAi) pathway. Paddison et al., (2002) showed that short hairpin 

RNAs are potent tools for gene silencing in mammalian somatic cells. This experiment utilizes 

small ncRNAs and as well as shRNAs in an attempt to influence the protein expression of CSF1 

and CSF1R through post-transcriptional regulation. 

Woo et al (2009, 2011) showed that pyrimidine-rich sequence in the c-fms mRNA 3’ UTR is a 

binding target for both HuR and Vigilin. The RNA binding protein Vigilin has been found to 

have properties involving the downregulation of translation, specifically for the c-fms protein. 

Vigilin overexpression has also been shown to reduce the levels of c-fms mRNA while also 

suppressing the translation of c-fms mRNA (Woo et al., 2011). This dual function effect makes 

Vigilin a potentially important repressor of c-fms expression. Our laboratory has described the 

specific binding of Vigilin to the pyrimidine-rich sequence in the c-fms mRNA 3’UTR. 



Furthermore, studies have found that Vigilin expression is greatly reduced in breast cancer cells, 

making the control of Vigilin expression an important field of study. Nucleolin is another RNA 

binding protein of interest that is involved in regulating this same c-fms/CSF1 pathway. 

Nucleolin is described as a multifunctional protein that is reported to bind to the G-quadruplex 

sequence, as well as AU-rich elements, that are found in CSF1 mRNA 3’ UTR (Woo et al., 

2013). Nucleolin is involved in translational regulation through interactions with CSF-1 mRNA 

3’ UTR’s and as well as with several other protein complexes. Its highly complex function has 

been found to be involved in both CSF1 mRNA deadenylation as well as non-canonical closed 

loop formation for activating translation of CSF-1 mRNA. 

Hypothesis 

We hypothesize that the various sense ncRNA strands introduced into the cell lines will follow 

their respective proposed models of titrating out Nucleolin and/or Vigilin and prevent those RNA 

binding proteins from performing their normal function. Furthermore, we hypothesize that the 

antisense ncRNAs will form a double stranded region with the endogenous mRNA sequence and 

induce mRNA decay through the RNAi pathway. 

Methods 

Isolation of plasmid DNA from bacteria 

The E.Coli containing the plasmid expressing the ncRNA transcript is grown in an agar plate. 

The E. Coli is then transferred to an LB media culture and grown overnight at 37
o
C. The DNA is 

isolated using alkaline lysis method and then purified using a phenol-chloroform purification 

technique. The isolated DNA plasmid is stored at -20C until it is used for transfection into cancer 

cells. 

 



dsDNA Transcripts sorted by Western Blot cohort 

c-fms western – BT20 – Starved + 200nM DEX 
1 pcDNA3.1 (-)  

2 pcDNA3.1 (+) 

3 c-fms-Py-S (-) 

4 c-fms C-rich-104-S (-) 

5 c-fms (CS-rCS) in pcDNA3.1 (-) 

6 Untransfected 

7 Complete medium w/o DEX 

 

Table 1: Contains the transcripts that correlate with the data on Figure 1. Plasmid 1 contains 

empty vector pcDNA3.1 (-). The c-fms expression shown in this lane will be used to compare 

with other transcripts that were inserted into the pcDNA3.1 (-) vector. Plasmid 2 is the empty 

vector pcDNA3.1 (+). The c-fms expression shown in this lane will be used to compare with 

other lanes with transcript inserted into the pcDNA3.1(+) vector. Plasmid 3 contains a transcript 

that will be translated into a c-fms ncRNA pyrimidine rich sequence. This contains a binding site 

for Vigilin and is expected to sequester the existing Vigilin away from the endogenous c-fms 

mRNA transcript. Plasmid 4 contains a C-rich 104 nt sequence that does not contain any specific 

binding site for Vigilin or Nucleolin. This sequence may sequester out any unknown UTR RNA 

binding proteins (RBPs). Plasmid 5 contains a c-fms transcript that forms a duplex structure. This 

structure is proposed to cause a decrease in c-fms expression through sequestering nucleolin. 

Nucleolin is suspected to have a regulatory effect on both c-fms and CSF1.  

 

CSF1 Western - BT20 - Starved + 200 nM DEX 

1 pcDNA3.1 (-) 

2 pcDNA3.1 (+) 

3 CSF-1-Exon-10-356-S 

4 CSF-1-5'UTR-420- S 

5 CSF-1mRNA-Variant-4-Exon-9-S 

6 Triple-S 

7 CSF-1 (CS-rCS) in pcDNA3.1 (-) 

8 3x CSF-1-Gplex-S 

9 Untransfected 

 

Table 2: Contains the transcripts that correlate with the data on Figure 2. Plasmid 1 contains 

empty vector pcDNA3.1 (-). The c-fms expression shown in this lane will be used to compare 

with other transcripts that were inserted into the pcDNA3.1 (-) vector. Plasmid 2 is the empty 

vector pcDNA3.1 (+). The c-fms expression shown in this lane will be used to compare with 

other lanes with transcript inserted into the pcDNA3.1(+) vector. Plasmid 3 contains a transcript 

that holds exon 10 of the CSF1 mRNA transcript. This region has binding sites for Nucleolin, 

Vigilin, and various miRNA sequences; its method of action is very complex. Plasmid 4 contains 

the 5’ UTR sense strand of the CSF1 mRNA transcript. This region may sequester unknown 



RBPs. It also has a complimentary sequence region with the 3’ UTR of the endogenous CSF1 

mRNA. It is expected to form a double stranded complex. Plasmid 5 contains the sense variant-4 

mRNA strand of CSF1 mRNA which contains Exon 9. Exon 9 of the mRNA transcript does not 

have a fully understood regulatory function. This region will be the basis of future research. Lane 

6 is a 1/1/1 mixture of plasmids 3, 4 and 5. Lane 7 is a CSF-1 transcript that forms a duplex 

structure. This transcript is proposed to lower the expression of CSF-1 protein through 

sequestering nucleolin. Plasmid 8 contains the transcript for a ncRNA CSF1 3’ UTR sequence 

that contains a G-plex sequence within it. This sequence will sequester nucleolin and is expected 

to lower the expression of CSF1. 

 

CSF1/c-fms western – Hey 
1 pcDNA3.1(-) 

2 pcDNA3.1 (+) 

3 3x CSF-1-3'UTR-Gplex-Sense strand (-) 

4 CSF-1-3'UTR-AS-Pyrimidine (-) 

5 CSF-1 (3'UTR-356-Wt)-pcDNA3.1(+)-Sense transcript 

6 CSF-1mRNA-Variant-4-5'UTR-pcDNA3.1(+) - Sense 

7 c-fms-3'UTR-69WT in pcDNA3.1(-)-Luc-MutE 

8 c-fms C-rich (104nt) in pcDNA3.1(-) 

9 Untransfected 

 

Table 3:  

Contains the transcripts that correlate with the data on Figure 3. Plasmid 1 contains empty vector 

pcDNA3.1 (-). The c-fms expression shown in this lane will be used to compare with other 

transcripts that were inserted into the pcDNA3.1 (-) vector. Plasmid 2 is the empty vector 

pcDNA3.1 (+). The c-fms expression shown in this lane will be used to compare with other lanes 

with transcript inserted into the pcDNA3.1(+) vector. Plasmid 3 contains the transcript for a 

ncRNA CSF1 3’ UTR sequence that contains a G-plex sequence within it. This sequence will 

sequester nucleolin and is expected to lower the expression of CSF1. Plasmid 4 contains the 

antisense strand of the 3’ UTR of CSF1 mRNA. This sequence is expected to form a double 

stranded complex with the endogenous 3’ UTR CSF1 mRNA and will lead to RISC complex 

mRNA degradation. Plasmid 5 contains a 356 nt sequence from the 3’ UTR of CSF1 mRNA that 

may sequester unknown RBPs. Plasmid 6 contains a sequence from the 5’ UTR of CSF1 mRNA 

that may sequester unknown RBPs. Plasmid 7 contains a 69 nt sequence from the 3’ UTR of 

CSF1 mRNA that is known to be a binding site for Vigilin. This sequence is expected to 

sequester Vigilin. Plasmid 8 contains a C-rich 104 nt sequence from the c-fms mRNA sequence; 

this sequence may bind unknown RBPs.    

 

DNA Transfection 

A DNA transfection process was used on the human cancer cells in order to introduce the DNA 

plasmid into each one of the cell cultures. A chemical transfection method using FuGene HD 

(Roche) Transfection Reagent was utilized. After transfecting the cells were allowed to incubate 



for 24 hours in starvation media. The BT20 cells were treated with 200nM dexamethanosone to 

induce c-fms expression. After 24 hours the cells were harvested. 

Harvesting 

The cells were harvested using the NR-PER Nuclear and Cytoplasmic Extraction Reagent Kit 

(ThermoScientific). The adherent cells were first treated with trypsin-EDTA and then collected 

into microcentrifuge tubes. The resultant cell pellet was washed with 1x PBS two times each. 

The cell pellet was then treated with cytoplasmic extraction reagent to prepare for immunoblot 

analysis. 

BCA 

After harvesting the cells and isolating the cytoplasmic extract we quantified the protein 

concentration using a BCA Protein Assay Kit (ThermoScientific). Protein concentration is 

exhibited by a color change from green to purple after adding the regents (Smith, 1985). A 

spectrometer was used to measure the concentration relative to the standard samples that were 

created. We created six standards of known concentration to obtain a standard curve for 

spectroscope. Bovine serum albumin, BSA, was added to the six standards in concentrations of 0 

ug/uL, 2 ug/uL, 4 ug/uL, 6 ug/uL, 8 ug/uL, 10 ug/uL. For the sample tubes, 2 uL of the protein 

sample was added to each tube. The concentration read by the spectrometer was divided in half 

to obtain the actual concentration per uL. 2 uL of the protein were used to ensure that the 

concentration was high enough for the spectrometer to produce an accurate read. The protein 

concentration values were then used to equalize the loading samples for the immunoblot. 

Immunoblot 

Western blots were conducted to determine the effect of the ncRNAs on CSF1R and CSF1 

expression. The membranes were blocked in 1% non-fat milk for 30 minutes prior to adding the 



primary antibody (Santa Cruz) for overnight incubation at 4C. The membranes were all imaged 

using the Syngene G:Box ChemixT4 machine. 

Cell Lines 

Two different cancer cell lines were used in this experiment, BT20 and Hey. BT20 cells are 

breast cancer cells that were starved and treated with dexamethasone to induce c-fms expression 

(Chambers et al, 2004). Once the cells were transfected, they were grown in a starvation media 

with 200 nM dexamethasone. Hey cells are a type of ovarian cancer cells that are plated and 

grown but not treated with dexamethasone. It was important to keep both cells cultures fewer 

than two passages, as they would undergo epithelial-mesenchymal transition (EMT) after the 

third passage. 

 

Results 

 

Influence of small ncRNAs on c-fms expression in BT20 breast cancer cells 

Purpose: To test the influence of sncRNAs on c-fms expression. sncRNAs in Table 1 were 

transfected into BT20 cells. 

 

In BT20 breast cancer cell lines, there were three transcripts that the western blot in Figure 1 

showed to influence CSF1R expression: c-fms C-rich-104-S, c-fms (CS-rCS), and c-fms-Py-S. 

These three transcripts were confirmed to have an impact on CSF1R expression through the 

imageJ analysis shown in Graph 1. The c-fms C-rich-104-S strand is a 104-nucleotide sequence, 

which is hypothesized to sequester unknown RBPs. The data in Figure and Graph 1 suggests that 

there may exist an unknown RBP whose normal function is to promote c-fms protein expression. 

The c-fms (CS-rCS) transcript is a double stranded RNA transcript that is proposed to sequester 

Nucleolin. Lowering nucleolin expression is suspected to reduce the upregulation of c-fms and a 



show reduced c-fms expression. The data in Figure and Graph 1 support this model. Lastly, the c-

fms-Py-S ncRNA transcript contains a known binding target for Vigilin. Introducing this 

transcript into the BT20 cells, we expected it to sequester Vigilin and prevent it from performing 

its normal function, thus increasing c-fms expression. However, the data did not support this 

conclusion.   

 

Figure 1: Contains the data retrieved from the western blot for the transcripts listed in Table 1. 

The band size of interest for the c-fms protein is at 160 kDa. The same membrane was then 

reprobed using the actin antibody to check for protein loading errors. The band size for actin is 

around 45 kDa. While the BCA procedure helps create normalized protein concentrations, the 

actin western shows that not all the lanes were loaded equally. Normally, actin is found in the 

same concentration in every cell, thus we expect to have equal band densities after a successful 

BCA analysis.  

 

 

 

 



Graph 1: Contains the analysis data from the western blots shown in Figure 1. A program called 

imageJ was used to calculate the band intensity values for both actin and c-fms. The c-fms band 

intensity values were then normalized using the actin band intensities. This allows us to make 

accurate comparisons between the band intensities of the different lanes.  

 

Summary: Three sncRNA strands were found to have a substantial effect on CSF1R expression 

in BT20 cells, c-fms C-rich-104-S, c-fms (CS-rCS), and c-fms-Py-S. 
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Influence of small ncRNAs on CSF-1 expression in BT20 breast cancer cells 

Purpose: To test the influence of sncRNAs on CSF1 expression. sncRNAs in Table 2 were 

transfected into the BT20 cells.  

 

In BT20 breast cancer cells, there were three transcripts that were shown to influence CSF1 

expression: CSF-1-Exon-10-356-S, CSF-1-5'UTR-420- S, and CSF-1 (CS-rCS). The western 

blot in Figure 2 and the ImageJ band intensity analysis shown in Graph 2 provided the data for 

these results. The CSF-1-Exon-10-356-S ncRNA sequence showed a large decrease in CSF1 

expression when introduced into the BT20 cell. Since Exon 10 contains binding targets for 

Vigilin, Nucleolin, and various other miRNA sequences, the western data does not provide a 

clear confirmation of the molecular mechanism of action. The CSF-1-5’UTR-420-S strand 

produced a slight increase in CSF1 expression when introduced into the BT20 cells. This 

particular 5’ UTR CSF1 ncRNA sequence may contain binding sites for unknown UTR RNA 

binding proteins that influence the protein expression of CSF1. The slight decrease in CSF1 

expression after the introduction of this ncRNA sequence suggests that the sequence sequestered 

an unknown UTR RBPs whose normal function may be to downregulate CSF1 expression. The 

CSF-1 (CS-rCS) ncRNA sequence strongly effected CSF1 protein levels. This double stranded 

RNA sequence is proposed to sequester nucleolin. Lowering nucleolin expression is suspected to 

reduce the upregulation of CSF1 and a show reduced CSF1 expression. The data shown in Figure 

and Graph 2 supports this model. The CSF-1 mRNA-variant 4-Exon-9-S ncRNA sequence did 

not produce a significant change in CSF1 protein expression levels. The post-transcriptional 

regulatory mechanisms associated with exon 9 are not well characterized. The data from this 

experiment suggests that exon 9 may not have a regulatory effect on CSF1 levels. Lastly, the 

Triple-S lane shown in the western was a 1/1/1 combination of lanes 3, 4 and 5. The ncRNA 

sequences were added in equal concentrations. This combination of ncRNAs did not produce a 



significant change in CSF1 expression levels; however, the CSF1 expression band intensity 

seems to be an average of lanes 3, 4 and 5. Because the band intensity appears to be an average 

of the lanes, we suspect that all three regulatory mechanisms from each ncRNA were active. The 

overall CSF1 expression levels remained close the CSF1 expression in the control lane. 

 

  

 

 

 

Figure 2: Contains the data retrieved from the western blot for the transcripts listed in Table 2. 

The band size of interest for the CSF-1 protein is around 65 kDa. The same membrane was then 

reprobed using the actin antibody to check for protein loading errors. The band size for actin is 

around 45 kDa. While the BCA procedure helps create normalized protein concentrations, the 

actin western shows that not all the lanes were loaded equally. Normally, actin is found in the 

same concentration in every cell, thus we expect to have equal band densities after a successful 

BCA analysis.  

 

 

 

 

 

 



Graph 2: Contains the analysis data from the western blots shown in Figure 2. A program called 

imageJ was used to calculate the band intensity values for both actin and CSF1. The CSF1 band 

intensity values were then normalized using the actin band intensities. This allows us to make 

accurate comparisons between the band intensities of the different lanes. 

 

Summary: There were three sncRNA sequences that were found to have a substantial effect on 

CSF1 expression in BT20 cells, CSF-1-Exon-10-356-S, CSF-1-5'UTR-420- S, and CSF-1 (CS-

rCS). 
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Influence of small ncRNAs on CSF1 expression in Hey ovarian cancer cells 

 

Purpose: To test the influence of sncRNAs and shRNAs on CSF1 expression. sncRNAs in Table 

3 were transfected into the Hey cells.  

 

 

In Hey ovarian cancer cells, we found two transcripts that influence the expression of CSF1 

protein, CSF-1-3'UTR-AS-Pyrimidine and CSF-1mRNA-Variant-4-5'UTR. The first shRNA 

sequence, CSF-1-3’UTR-AS-Pyrimidine, is an antisense RNA sequence that is expected to 

complimentarily bind to the 3’UTR of the endogenous CSF-1 mRNA. This double stranded 

region will activate the RNA interference (RNAi) pathway and reduce CSF-1 mRNA levels and 

consequentially reduce CSF1 protein levels. The data shown in Figure 3 and the ImageJ band 

intensity analysis shown in Graph 3 confirm this model as the CSF-1 protein expression levels 

are reduced with the introduction of this shRNA transcript. The CSF-1 mRNA-Variant-4-5’UTR 

is an ncRNA sequence that produced data showing an increase in CSF-1 protein expression 

(Graph 3). We hypothesized that the CSF-1 mRNA 5’ UTR ncRNA sequence contains binding 

sites for unknown RNA binding proteins and will sequester these unknown RBPs. The data 

suggests that the normal function of the unknown RBPs that were titrated was to downregulate 

CSF1 expression. The 3x CSF-1-Gplex sequence was expected to titrate nucleolin and 

consequentially downregulate CSF1 expression. However the data did not support this model, 

most likely due to experimental error. The last transcript tested on Hey cells for CSF1 expression 

was the CSF-1-Exon-10-356-S ncRNA sequence. This sequence contains Exon 10 of the CSF-1 

mRNA transcript. Exon 10 contains binding sites for nucleolin, Vigilin, and various other 

miRNA sequences. The band intensity analysis (graph 3) suggests that this transcript had no net 

effect on CSF1 expression.  

 

 



Figure 3: The membrane on the left contains the data retrieved from the western blot for the 

transcripts listed in Table 3. The lanes correspond with the rows 1-9 in the table. This membrane 

was blotted with CSF1 antibody (SantaCruz). The band size of interest for the CSF-1 protein is 

around 65 kDa. The same membrane was then reprobed using the actin antibody to check for 

protein loading errors. This membrane is shown on the right. The band size for actin is around 45 

kDa. The actin western shows that the majority of the lanes were loaded evenly since the band 

density is about the same in each lane. Actin is found in the same concentration in every cell, 

thus we expect to have equal band densities after a successful BCA analysis. 
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Graph 3: Contains the analysis data from the western blots shown in Figure 3. Only the first 6 

lanes were included in this graph as these are the lanes that are relevant to CSF-1 expression. A 

program called imageJ was used to calculate the band intensity values for both actin and CSF1. 

The CSF1 band intensity values were then normalized using the actin band intensities. This 

allows us to make accurate comparisons between the band intensities of the different lanes. 

 

Summary: One shRNA transcript and one ncRNA transcript was found to have a considerable 

impact on CSF1 expression in Hey cells, CSF-1-3'UTR-AS-Pyrimidine and CSF-1mRNA-

Variant-4-5'UTR. 
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Influence of small ncRNAs on c-fms expression in Hey ovarian cancer cells 

 

Purpose: To test the influence of sncRNAs on c-fms expression. sncRNAs in Table 3 were 

transfected into Hey cells.  

 

Both ncRNA transcripts that were tested in Hey ovarian cancer cells for an effect on CSF1R 

protein expression showed an influence on its expression. The c-fms-Py-S ncRNA sequence 

showed a significant increase in CSF1R expression in comparison to the control. This sequence 

was expected to sequester RNA binding protein Vigilin and thus increasing CSF1R expression. 

The data that is shown in Figure 4 and Graph 4 supports this model. The c-fms-C-rich-104-S 

ncRNA sequence showed a large increase in CSF1R expression. This transcript may contain 

binding sites for unknown RBPs; we expect the transcript to sequester these proteins and prevent 

them from performing their normal function. The data suggests that the normal function of the 

unknown RBPs is to downregulate CSF1R expression.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: The membrane on the left contains the data retrieved from the western blot for the 

transcripts listed in Table 3. The lanes correspond with the rows 1-9 in the table. This membrane 

was blotted with c-fms antibody (SantaCruz). The band size of interest for the c-fms protein is 

around 160 kDa. The same membrane was then reprobed using the actin antibody to check for 



protein loading errors. This membrane is shown on the right. The band size for actin is around 45 

kDa. The actin western shows that the some of the lanes are overloaded. Lanes 1-5 show darker 

bands compared to lanes 6-9.  

 

 

Graph 4: Contains the analysis data from the western blots shown in Figure 4. Only lanes 1, 2, 7, 

8, and 9 were included in this graph as these are the lanes that are relevant to CSF-1 expression. 

A program called imageJ was used to calculate the band intensity values for both actin and c-fms. 

The c-fms band intensity values were then normalized using the actin band intensities. This 

allows us to make accurate comparisons between the band intensities of the different lanes.  

 

Summary: Two small ncRNA transcripts were found to have an impact on c-fms expression in 

Hey cells, c-fms-C-rich-104-S and c-fms-Py-S.  
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Discussion 

 The purpose of this study was to identify the effect of various ncRNA sequences on the 

protein expression of CSF1R and CSF1. The molecular model proposed for the pathway of effect 

for the ncRNA are based on various studies conducted by Woo et al., (2011, 2013). These studies 

characterized the effect of Nucleolin and Vigilin on CSF1 and CSF1R expression respectively. 

The various ncRNA transcripts that were used in this study were selected because of their known 

or predicted regulatory effects on the post-transcriptional events of the c-fms and CSF1 mRNA 

sequences. In BT20 cells we found three different transcripts that produced a considerable effect 

on CSF1R protein expression, c-fms C-rich-104-S, c-fms (CS-rCS), and c-fms-Py-S. The data 

supported the proposed model of effect for c-fms (CS-rCS) but did not support the model for the 

c-fms-Py-S strand (model explained in table 1 and graph 1). Without repeating this experiment 

multiple times we cannot conclude with certainty whether the model should be rejected for the c-

fms-Py-S strand. In BT20 cells we found three different transcripts that showed an influence on 

CSF1 protein expression, CSF-1-Exon-10-356-S, CSF-1-5'UTR-420- S, and CSF-1 (CS-rCS). 

The proposed model of effect was supported for the CSF-1 (CS-rCS) transcript while the other 

two transcripts did not have a predicted outcome. Like many of the ncRNA transcripts tested, 

they did not have a hypothesized effect, but were rather included for an investigative approach. 

The CSF-1 and c-fms CS-rCS duplux transcripts both supported their proposed model in BT20 

cells. This style transcript seems to have a more defined and stronger regulatory effect on mRNA 

expression than the other ones tested.  

In Hey cells we found two transcripts that influence the expression of CSF1 protein, 

CSF-1-3'UTR-AS-Pyrimidine and CSF-1mRNA-Variant-4-5'UTR. The 3’UTR antisense 

transcript reduced CSF1 protein expression as suggested by the model. The 5’UTR transcript 

showed an increase in CSF1 protein expression in BT20 and Hey cells. This transcript may 



contain a binding target for a UTR RNA binding protein whose normal function is to 

downregulate CSF1 expression. For CSF1R protein expression in Hey cells we found two 

transcripts that showed an effect on CSF1R expression, c-fms C-rich-104-S and c-fms-Py-S. 

These two transcripts also showed an effect on CSF1R protein expression in BT20 cells. The C-

rich-104-S strand greatly reduced CSF1R protein expression in BT20 cells but had the exact 

opposite effect in Hey cells. In Hey cells the transcript increased CSF1R protein expression by 

over 2-fold. A similar effect occurred with the c-fms-Py-S transcript. In BT20 cells the transcript 

showed decreased CSF1R expression, not supporting the model proposed; in Hey cells it showed 

over a 2-fold increase in CSF1R expression, supporting the model. We believe this difference is 

due to unique baseline RBP levels in the different in cell lines, as well as unknown endogenous 

regulatory mechanisms that may be different between the cell lines, e.g miRNA. Furthermore, 

the results may have been influenced by experimental error.  

There were a few technical issues that arose during this study. The c-fms western blot in 

Figure 4 is an example of an unexplained technical issue during the transfer or gel 

electrophoresis step of a Western Blot. The white spot in the middle prevents us from making an 

accurate analysis on the blot. This experiment would need to be repeated in order to produce 

conclusive data. Furthermore, the membranes shown in Figure 2 display a unique density pattern 

that is present in both the CSF-1 and actin membranes. The membrane bands follow a simple 

pattern of being darker on the outsides of the membrane and lighter in the center of the 

membrane. Since this pattern was present on both the CSF-1 membrane and actin membrane we 

suspect that there was an error during the transfer step of the western blot. While no certain 

conclusion can be made, the possibility of an error is important to consider. 
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