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Abstract

Breast cancer mortality is mainly due to metastatic disease caused by cancer stem cells.
Nucleostemin is a GTP-bound nuclear cofactor that is highly expressed in normal stem
cells and tumors and is thought to play an important role in the pathogenesis and
metastasis of breast cancer. This study examines the expression level of this gene in a
comparison between primary and metastatic tumor cells in two-dimensional and three-
dimensional culture conditions. In this study, after creating a mouse model of breast
cancer using 4T1 cell line, primary breast cancer cells and brain and lung metastatic
tumor cells were isolated and propagated in two-dimensional and three dimensional
culture medium. Using real-time PCR reaction, analysis of nucleostemin gene
expression was done comparetively between these two culture media. The findings of
this experiment showed that the expression of the nucleostemin gene in the metastasis
cycle in a two-dimensional culture medium is increased by 6 and 23 times, respectivly,
in lung and brain metastatic tumor tissue compared to primary tumor cells. In the three-
dimensional culture medium, which was done to enrich cancer stem cells, the
expression level of nucleostemin gene in primary tumor cells and brain and lung
metastatic cells compared to the two-dimensional culture medium in all three cell
groups showed a significant decrease in expression. These findings provide information
about nucleostemin gene expression in breast cancer metastatic cascade and 3D culture
environment, which deserves further discussion. In this regard, analyzing the molecular
properties of metastatic tumor cells, can be used to design targeted treatment strategies
in the fight against breast cancer metastasis.
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Product size (bp) Primer Gene Gene ID  Accession N:
160 F: TCAAGTTGGAGTGATTGGTTTC
R: GCATGGACTGTCTATGATTGTG NS 30877 NM_153547.6
179 F: GGTGAAGGTCGGTGTGAACG

R: CTCGCTCCTGGAAGATGGTG GAPDH 24383 NM_080369.3
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Figure 1. Separation of primary and metastatic tumor cells (26). 4T1B: brain metastatic tumor cells /
4TLT: primary tumor cells / 4T1L: lung metastatic tumor cells). a. Animal model of metastatic breast
cancer after 35 days of tumor induction in BALB/c mice. b. Isolation of metastatic brain tumor, HandE
staining and extraction of metastatic brain tumor cells and two-dimensional culture of cells. c. Isolation of
primary tumor, HandE staining and extraction of primary tumor cells and two-dimensional culture of
primary tumor cells. d. Isolation of metastatic lung tumor, HandE staining and extraction of metastatic
lung tumor cells and two-dimensional cell culture.
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Fig 2. The results of the electrophoresis of the extracted RNA on agarose gel, the observation of the bands
separately indicates the correctness of the extracted RNA.
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Fig 5. Examining the expression of Ns nucleostemin in metastatic tumor cells in 2-D culture conditions.
(4T1B: 4T1 Brain metastatic tumor cells / 4T1T: 4T1 Primary metastatic tumor cells /4T1L: 4T1 Liver
metastatic tumor cells).
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Fig 6.. Comparison of nucleostemin gene expression in two-dimensional culture medium and
multicellular spheroids (T: 2D culture of primary tumor sample, Tcsc: 3D spheroid culture of primary
tumor sample, B: 2D culture of Brain metastatic sample, Bcsc: 3D spheroid culture of brain metastatic

sample, L: 2D culture of Lung metastatic sample, Lcsc: 3D spheroid culture of lung metastatic specimen,
*:p <0.05, **: p <0.01, ***: p <0.001, n.s: no significant)
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Fig 7. Column chart of Nucleostemin gene expression in two-dimensional and three-dimensional culture
medium (T: 2D culture of primary tumor sample, Tcsc: 3D spheroid culture of primary tumor sample, B:
2D culture of Brain metastatic sample, Bcsc: 3D spheroid culture of brain metastatic sample, L: 2D
culture of Lung metastatic sample, Lcsc: 3D spheroid culture of Lung metastatic specimen)
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