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Figure 2. a) RNA-seq data analysis of CD40 mRNA in breast cancer cell lines (n=66). Log-2–transformed RNA-seq read counts for 
CD40 gene are shown on the y-axis. b) RNA-seq data analysis of CD40LG mRNA in breast cancer cell lines (n=66). Log-2–transformed 
RNA-seq read counts for CD40LG are shown on the y-axis. c) Correlation between CD40 and CD40LG gene expression based on the 
TCGA breast cancer data set.
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variants. There was no expression detected in MCF-7, 
MDA-MB-468, and ZR-75-1. All3 CD40 variants were 
detected in cell culture conditions with and without LPS 
in SK-BR-3, MDA-MB-231, T-47D, and HCC-38 cell 

lines. Similarly, MCF-12A normal breast cells showed a 
similar transcriptional pattern as these breast cancer cells 
for CD40 splice variants. In the BT-474 cell line, CD40 
variant 3 was only detected after induction with LPS in 

Figure 3. a) Schematic demonstrations of CD40 splice variants. b)Illustration of exon regions of CD40 splice variants indicated by 
boxes, exon–intron sites to which primers designed specifically binds, and CD40 protein domains corresponding to exon regions. c) 
Agarose gel images regarding amplicons of CD40 variants (V1=115 bp, V2=130 bp, V3=130 bp). d) Expression of CD40 splice variants 
in breast cancer cell lines cultured with or without LPS. C (–) represents negative PCR control; C(+) represents positive PCR control.
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cell culture. In the absence of LPS, BT-474 cells were 
CD40-negative (Figure 3d).

4. Discussion 
CD40, one of the best characterized costimulatory 
molecules, has contributed to cell-mediated and humoral 
immune responses in the immune system(Loskog and 
Eliopoulos, 2009). In addition to its function on the 

immune system, coexpression of CD40 and its ligand 
CD40L mediates oncogenic effects on immortalized 
human epithelial cells in vitro (Baxendale et al., 2005). 
Early phase trials regarding CD154 gene transfer have 
shown various cellular consequences, including cytokine 
production and enhanced Fas-mediated tumor apoptosis, 
following CD40 ligation(Weiss et al., 2009;Tong and Stone, 
2003). 

Figure 3. (Continued).
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important for targeting the secreted or full-length form 
of CD40 mRNA. Development of antibodies specific for 
CD40 splice variants may provide insight into molecular 
mechanisms regarding the CD40 signaling pathway. 
Additionally, histopathological analysis of breast tumor 
biospecimens in terms of different splice variants of CD40 
would be informative for determination of potential 
targets and discrimination between the soluble and full-
length forms of the protein. Whether or not CD40 variant 
expression change occurs after the use of agonistic CD40 
antibodies should be taken into consideration. Further 

analysis of the genetic structure and functionality of CD40 
and CD40LG would allow the development of more useful 
prognostic factors and prognostic prediction tools in 
breast cancer subtypes. 
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