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ABSTrACT

Introduction: Nucleostemin is a newly discovered nucleoprotein 
which is found to be highly expressed in the undifferentiated cells 
like stem cells and cancer cells. It is an important G1/S checkpoint 
regulator. The aim of study was to find the specific mechanism of 
nucleostemin p-53 independent signal pathway. Finding NS p53-
independent signal pathway can be an important tool use in gene 
therapy of cancer patients. 
Material and Methods: The present study comprised of 
sample size of 2719 differentially expressed genes from NB4 
experimental group, 847 genes were up-regulated and 1872 genes 
were down-regulated. RNA quantity and quality were measured 
by NanoDrop ND-1000. For DNA microarray, the Whole 
Human Genome Oligo Microarray was used and sequences 
were compiled from a broad source survey, and then verified 
and optimized by alignment to the assembled human genome. 
Agilent Feature Extraction software (version 11.0.1.1) was used 
to analyze the acquired array images. Quantile normalization 
and subsequent data processing were performed with using the 
GeneSpring GX v12.0 software package (AgilentTechnologies). 
Pathway analysis and GO analysis were applied to determine 
the roles of these differentially expressed genes played in these 
biological pathways or GO terms. Finally, Hierarchical Clustering 
was performed to show the distinguishable gene expression 
profiling among samples. 
results: Inhibition of Nucleostemin mRNA expression succeeded 
in human leukemia cell lines NB4 by using lentiviral technology, 
the rate of Inhibition in NB4 cells was 58%, Real-time PCR 
demonstrated the reliability of the data. These differentially 
expressed genes may involve in great kinds of functions and 
signal pathways through GO analysis and Pathway analysis, in 
which the association with MAPK signaling pathway and NOD-
like receptor signaling pathway for up-regulated the most related 
and significant. RNA transport and mRNA surveillance pathway 
is the most significant and related pathways for down-regulated. 
RNA transport from the nucleus to the cytoplasm is fundamental 
for gene expression. 
Conclusion: The data reveals that MAPK signaling pathway is 
one of the most effected pathway for upregulated genes, thus it 
is one of the important pathways, that is p53 independent and 
modifying it can cause NB4 cell apoptosis. Similarly, RNA 
transport signaling pathway as a most effected pathway of 
downregulated genes.
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INTroDuCTIoN
Nucleolar protein called nucleostemin (NS), is a nucleolar 
GTP binding protein, i s  considered as a novel regulator 
of the p53-MDM2 feedback loop initially identified in the 
nucleolus of rat neural stem cells1 and subsequently found 

upregulated in various types of proliferating stem cells 
and cancer cells1-4 However, unlike other known nucleolar 
regulators of this loop, NS surprisingly plays a dual role, as 
both up and downregulations of its level and could turn on p53 
activity. Knockout studies demonstrate that NS is essential 
for cell proliferation and embryogenesis.5,6 During stem cell 
differentiation both in vivo and in vitro experiments, NS levels 
were rapidly reduced prior to exiting the cell cycle, suggesting 
the expression of NS is associated with the proliferation 
potential of cells. Recent work, however, has demonstrated 
that NS is in fact widely expressed in many types of normal 
proliferating cells at levels similar to those in malignant cells. 
For instance, NS is expressed in normal kidney cells and renal 
carcinoma cells at comparable levels as detected in histological 
sections.7 Moreover, p53 is one of the most studied proteins 
in the whole of contemporary biology, with more than 12,500 
papers so far written! Several studies have provided evidence 
that the p53 signaling pathway is involved in the G1 arrest of 
the cell cycle induced by the down-regulation of NS. Physical 
interaction between NS and p53 was initially reported by Tsai 
and McKay.1 Later, it was shown that the G1 arrest requires the 
presence of p53.8 In the most recent study Dai et al.9 showed 
that knockdown of NS enhances the interaction between the 
p53-binding protein MDM2 and the ribosomal protein L5 or 
L11, preventing MDM2 from inducing ubiquitylation-based 
p53 degradation. 
It is a protein concentrated in the nucleolus of most stem cells 
and also in many tumor cells, which has been implicated 
in cell-cycle progression owing to its ability to modulate 
p53. It a newly discovered nucleoprotein which found to 
be highly expressed in the undifferentiated cells like stem 
cells and cancer cells. It is an important G1/S checkpoint  
regulator.10

NS is gaining popularity as an important protein and may be 
helpful in down regulating cancer cell gene. This may be an 
important tool in gene therapy. The present study was conducted 
with aim to find the specific mechanism of nucleostemin p-53 
independent signal pathway.
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MATerIAL AND MeThoDS
The present study comprised sample size of 2719 differentially 
expressed genes, from 2631 group NB4 experimental group 847 
genes were up-regulated and 1872 genes were down-regulated.
RNA quantity and quality were measured by NanoDrop ND-
1000. RNA integrity was assessed by standard denaturing 
agarose gel electrophoresis. Figure 1 shows experiment 
workflow. For DNA microarray, the Whole Human Genome 
Oligo Microarray was a broad view that represents all known 
genes and transcripts in the human genome. Sequences were 
compiled from a broad source survey, and then verified and 
optimized by alignment to the assembled human genome. 
For RNA labeling and array hybridization, sample labeling and 
array hybridization were performed according to the Agilent 
One-Color Microarray-Based Gene Expression Analysis 
protocol (Agilent Technology). Briefly, total RNA from each 
sample was linearly amplified and labeled with Cy3-UTP. The 
Labeled cRNAs were purified by RNeasy Mini Kit (Qiagen). 
The concentration and specific activity of the labeled cRNAs 
(pmol Cy3/μg cRNA) were measured by NanoDrop ND-1000. 
1 μg of each labeled cRNA was fragmented by adding 11 μl 
10 × Blocking Agent and 2.2 μl of 25×Fragmentation Buffer, 
then heated at 60 °C for 30 min, and finally 55 μl 2 × GE 
Hybridization buffer was added to dilute the labeled cRNA. 
100μl of hybridization solution was dispensed into the gasket 
slide and assembled to the gene expression microarray slide. 
The slides were incubated for 17 hours at 65°C in an Agilent 
Hybridization Oven. The hybridized arrays were washed, 
fixed and scanned with using the Agilent DNA Microarray 
Scanner (part number G2505C).

STATISTICAL ANALySIS
Agilent Feature Extraction software (version 11.0.1.1) was used 
to analyze the acquired array images. Quantile normalization 
and subsequent data processing were performed with using the 
GeneSpring GX v12.0 software package (Agilent
Technologies). After quantile normalization of the raw data, 
genes that at least 6 out of 6 samples have flags in Detected 
(“All Targets Value”) were chosen for further data analysis. 
Differentially expressed genes with statistical significance 
were identified through Fold Change filtering. Hierarchical 
Clustering was performed using the Agilent GeneSpring GX 
software (version 12.0). GO analysis and Pathway analysis 
were performed in the standard enrichment computation  
method.
We have completed the human expression microarray analysis 
of the samples. Total RNA from each sample was quantified 
by the NanoDrop ND-1000 and RNA integrity was assessed 
by standard denaturing agarose gel electrophoresis. For 
microarray analysis, Agilent Array platform was employed. 
The sample preparation and microarray hybridization 
were performed based on the manufacturer’s standard 
protocols. Briefly, total RNA from each sample was 
amplified and transcribed into fluorescent cRNA with using 
the manufacturer’s Agilent’s Quick Amp Labeling protocol 
(version 5.7, Agilent Technologies). The labeled cRNAs were 
hybridized onto the Whole Human Genome Oligo Microarray 
(4 x 44K, Agilent Technologies). After having washed the 
slides, the arrays were scanned by the Agilent Scanner  

G2505C.
Agilent Feature Extraction software (version 11.0.1.1) was 
used to analyze acquired array images. Quantile normalization 
and subsequent data processing were performed using the 
GeneSpring GX v12.0 software package (Agilent Technologies). 
After quantile normalization of the raw data, genes that at least 
6 out of samples have flags in Detected (“All Targets Value”) 
were chosen for further data analysis. Differentially expressed 
genes with statistical significance were identified through Fold 
Change filtering for two compared samples. Pathway analysis 
and GO analysis were applied to determine the roles of these 
differentially expressed genes played in these biological 
pathways or GO terms. Finally, Hierarchical Clustering was 
performed to show the distinguishable gene expression profiling 
among samples.

reSuLTS
Inhibition of Nucleostemin mRNA expression succeeded in 
human leukemia cell lines,NB4 by using lentiviral technology, 
the rate of Inhibition in NB4 cells was 58%,. The purity, 
integrity and quality of RNA were met the requirements for 
microarray hybridization. 2719 differentially expressed genes 
were identified (Figures 2,3) through Fold Change≥2 or ≤0.5, 
in which 847 genes were up-regulated and 1872 genes were 
down-regulated. Real-time PCR demonstrated the reliability of 
the data. These differentially expressed genes (Figure 4) may 
involve in great kinds of functions and signal pathways through 
GO analysis and Pathway analysis, in which the association 
with MAPK signaling pathway (Pathway map 2) and NOD-like 
receptor signaling pathway for up-regulated the most related 
and significant (Figure 5b). 
RNA transport and mRNA surveillance pathway is the most 
significant and related pathways for down-regulated (Figure 
5a). RNA transport (Pathway map 2) from the nucleus to the 
cytoplasm is fundamental for gene expression.
The mRNA surveillance pathway (Table 1) is a quality control 
mechanism that detects and degrades abnormal mRNAs.

Figure-1: Experiment Workflow
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Figure-3: The scatterplot is a visualization that is useful for assessing 
the variation (or reproducibility) between chips.

Figure-5: a) down-regulated pathways. b) up-regulated pathways.in 
NB4 cell.

Figure-2: Graphs of Gene Chip, left controller right experimental of 
NB4 cell DNA microarray

Figure-4: Boxplot view is used to look at, and compare, the distributions 
of expression values for the samples or conditions in an experiment 
after normalization.

DISCuSSIoN
Nucleostemin before was supposed to be P53 dependent signal 
pathway. Many new studies conducted found that NS has 
independent P53 signal pathway. Nucleostemin is a recently 
discovered nucleolar protein predominantly associated with 
proliferating rat neural and embryonic stem cells, and 
some human cancer cell lines. A comprehensive study of 
nucleostemin in human adult bone marrow stem cells is 
lacking.11

It w a s  all started from Tsai and MC Kay,  when they 
identified a novel protein, nucleostemin, found in the nucleoli 
of CNS. Stem cells, embryonic stem cells, and several cancer 
cell lines and preferentially expressed by other stem cell-
enriched populations.1

NS through the p53 pathway plays a biological role. It is a newly 
discovered nucleoprotein which is found to be highly expressed 
in the undifferentiated cells like stem cells and cancer cells. It is 
an important G1/S checkpoint regulator.12

The mitogen-activated protein kinase (MAPK) cascade is a 
highly-conserved module that is involved in various cellular 
functions, including cell proliferation, differentiation and 
migration. Mammals express at least four distinctly regulated 
groups of MAPKs, extracellular signal-related kinases (ERK)-
1/2, Jun amino-terminal kinases (JNK1/2/3), p38 proteins 
(p38alpha/beta/gamma/delta) and ERK5, that are activated by 
specific MAPKKs: MEK1/2 for ERK1/2, MKK3/6 for the p38, 
MKK4/7 (JNKK1/2) for the JNKs, and MEK5 for ERK5. 
Each MAPKK, however, can be activated by more than one 
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MAPKKK, increasing the complexity and diversity of MAPK 
signaling. Presumably each MAPKKK confers responsiveness 
to distinct stimuli. For example, activation of ERK1/2 by growth 
factors depend on the MAPKKK c-Raf, but other MAPKKKs 
may activate ERK1/2 in response to pro- inflammatory 
stimuli.13-16

NOD-like receptor signaling pathway specific families of 
pattern recognition receptors are responsible for detecting 
various pathogens and generating innate immune responses. 
The intracellular NOD-like receptor (NLR) family contains 
more than 20 members in mammals and plays a pivotal 
role in the recognition of intracellular ligands. NOD1 and 
NOD2, two prototypic NLRs, sense the cytosolic presence 
of the bacterial peptidoglycan fragments that escaped from 
endosomal compartments, driving the activation of NF-
{kappa}B and MAPK, cytokine production and apoptosis. 
On the other hand, a different set of NLRs induces caspase-1 
activation through the assembly of multiprotein complexes 
called inflammasomes. These NLRs include NALP1, NALP3 
and Ipaf. The inflammasomes are critical for generating mature 
proinflammatory cytokines in concert with Toll-like receptor 

signaling pathway.17-21

Furthermore, RNA transport and mRNA surveillance pathway 
is the most significant and related pathways for down-regulated 
(Figure 5a). RNA transport (Pathway map 2) from the nucleus to 
the cytoplasm is fundamental for gene expression. The different 
RNA species that are produced in the nucleus are exported 
through the nuclear pore complexes (NPCs) via mobile export 
receptors. The majority of RNAs, such as tRNAs, rRNAs, and 
U snRNAs, are transported by specific export receptors, which 
belong to the karyopherin-beta family proteins. A feature 
of karyopherins is their regulation by the small GTPase Ran. 
However, general mRNA export is mechanistically different. 
Nuclear export of mRNAs is functionally coupled to different 
steps in gene expression processes, such as transcription, 
splicing, 3'-end formation and even translation.22-26

The mRNA surveillance pathway (Table 1) is a quality control 
mechanism that detects and degrades abnormal mRNAs. These 
pathways include nonsense-mediated mRNA decay (NMD), 
nonstop mRNA decay (NSD), and no-go decay (NGD). NMD 
is a mechanism that eliminates mRNAs containing premature 
translation-termination codons (PTCs). In vertebrates, PTCs 

Table-1: Down-regulated pathways and associated DE genes
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Pathway map-1: MAPK transport 

Pathway map-2: RNA transport
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trigger efficient NMD when located upstream of an exon 
junction complex (EJC). Upf3, together with Upf1 and Upf2, 
may signal the presence of the PTC to the 5'end of the 
transcript, resulting in decamping and rapid exonucleolytically 
digestion of the mRNA. In the NSD pathway, which targets 
mRNAs lacking termination codons, the ribosome is believed to 
translate through the 3' untranslated region and stall at the end 
of the poly(A) tail. NSD involves a n  eRF3-like protein, Ski7p, 
which is hypothesized to bind the empty A site of the ribosome 
and recruit the exosome to degrade the mRNA from the 3' end. 
NGD targets mRNAs with stalls in translation elongation for 
endonucleolytic cleavage in a process involving the Dom34 and 
Hbs1 proteins.27-30

Therefore, we nominated those four pathways MAPK 
signaling pathway and NOD-like receptor signaling pathway 
for up-regulated and RNA transport and mRNA surveillance 
pathway for down-regulated furthermore we suggest that 
indicate that
MAPK signaling pathway and RNA transport they are most 
probably responsible for NB4 leukemia cells apoptosis, and the 
weak proliferation capacity tumorigenic respectively

CoNCLuSIoN
Inhibition of Nucleostemin mRNA expression succeeded 
in three human leukemia cell lines HL-60, NB4 and K652 
by using lentiviral technology, the rate of Inhibition in NB4 
cells was 58%, that’s increase the probability of presence of 
Nucleostemin p53-independent signal pathway, and push for 
more follow-up studies.
This research is a forward s tep  to explore the exact specific 
mechanism of Nucleostemin p53-independent signal pathway in 
NB4 leukemia cells which will help to improve more effective 
treatment for cancer patients. Especially with more follow up 
studies.

reFereNCeS
1. Tsai RY, McKay RD. A nucleolar mechanism controlling 

cell proliferation in stem cells and cancer cells. Genes Dev. 
2002; 16:2991-3003.

2. Fan Y, Liu Z, Zhao S, Lou F, Nilsson S, Ekman P, et al. 
Nucleostemin mRNA is expressed in both normal and 
malignant renal tissues. Br J Cancer. 2006;94:1658-62.

3. Kafienah W, Mistry S, Williams C, Hollander AP. 
Nucleostemin is a marker of proliferating stromal 
stem cells in adult human bone marrow. Stem Cells. 
2006;24:1113-20.

4. Liu SJ, Cai ZW, Liu YJ, Dong MY, Sun LQ, Hu GF, et 
al. Role of nucleostemin in growth regulation of gastric 
cancer, liver cancer and other malignancies. World J 
Gastroenterol. 2004; 10:1246-9.

5. Beekman C, Nichane M, De Clercq S, Maetens M, Floss 
T, Wurst W, et al. Evolutionarily conserved role of 
nucleostemin: controlling proliferation of stem/ progenitor 
cells during early vertebrate development. Mol Cell Biol. 
2006;26:9291-301.

6. Zhu Q, Yasumoto H, Tsai RY. Nucleostemin delays cellular 
senescence and negatively regulates TRF1 protein stability. 
Mol Cell Biol. 2006; 26:9279-90.

7. Fan, Y., Liu, Z., Zhao, S., Lou, F., Nilsson, S., Ekman, P., 
Xu, D., and Fang, X. Br. J. Cancer. 2006;94, 1658–1662.

8. Ma, H., and Pederson, T. Mol. Biol. Cell 2007;18:2630–
2635.

9. Dai, M. S., Sun, X. X., and Lu, H. Mol. Cell. Biol. 2008;28: 
4365–4376.

10. Caplan AI, Bruder SP. Mesenchymal stem cells: Building 
blocks for molecular medicine in the 21st century. Trends 
Mol Med. 2001;7:259.

11. Suva D, Garavaglia G, Menetrey J et al. Non-hematopoietic 
human bone marrow contains long-lasting, pluripotential 
mesenchymal stem cells. J Cell Physiol. 2004;198:110.

12. Fibbe WE. Mesenchymal stem cells. A potential source for 
skeletal repair. Ann Rheum Dis. 2002;61.

13. Chen Z, Gibson TB, Robinson F, Silvestro L, Pearson G, 
Xu B, Wright A, Vanderbilt C, Cobb MH.MAP kinases.
Chem Rev. 2001;101:2449-76.

14. Tanoue T, Nishida E.Docking interactions in the mitogen-
activated protein kinase cascades.Pharmacol Ther. 2002; 
93:193-202.

15. Dent P, Yacoub A, Fisher PB, Hagan MP, Grant S.MAPK 
pathways in radiation responses.Oncogene. 2003;22:5885-
96.

16. Huang EJ, Reichardt LF.Trk receptors: roles in neuronal 
signal transduction.Annu Rev Biochem. 2003;72:609- 
42.

17. Shaw MH, Reimer T, Kim YG, Nunez G. NOD-like 
receptors (NLRs): bona fide intracellular microbial sensors. 
Curr Opin Immunol. 2008;20:377-82.

18. Kanneganti TD, Lamkanfi M, Nunez G. I ntracellular 
NOD-like receptors in host defense and disease.Immunity. 
2007;27:549-59.

19. Franchi L, Warner N, Viani K, Nunez G. Function of 
Nod-like receptors in microbial recognition and host 
defense.Immunol Rev. 2009;227:106-28.

20. Tattoli I, Travassos LH, Carneiro LA, Magalhaes 
JG, Girardin SE. The Nodosome: Nod1 and Nod2 
control bacterial infections and inflammation.Semin 
Immunopathol. 2007;29:289-301.

21. da Silva Correia J, Miranda Y, Leonard N, Hsu J, Ulevitch 
RJ. Regulation of Nod1-mediated signaling pathways.Cell 
Death Differ. 2007;14:830-9.

22. Lamkanfi M, Dixit VM.Inflammasomes: guardians of 
cytosolic sanctity.Immunol Rev. 2009;227:95-105.

23. Rodriguez MS, Dargemont C, Stutz F.Nuclear export of 
RNA.Biol Cell. 2004;96:639-55.

24. Suzuki T, Izumi H, Ohno M.Cajal body surveillance 
of U snRNA export complex assembly.J Cell Biol. 
2010;190:603-12.

25. Palancade B, Doye V.Sumoylating and desumoylating 
enzymes at nuclear pores: underpinning their unexpected 
duties?Trends Cell Biol. 2008;18:174-83.

26. Pellizzoni L.Chaperoning ribonucleoprotein biogenesisin 
health and disease.EMBO Rep. 2007;8:340-5.

27. Reed R, Cheng H.TREX, SR proteins and export of mRNA.
Curr Opin Cell Biol. 2005;17:269-73.

28. Amrani N, Sachs MS, Jacobson A.Early nonsen se: 
mRNA deca y solves a transl ational pr oblem .Nat R ev 
Mol Ce ll Biol. 2006;7:415-25.

29. Eulalio A, Behm-Ansmant I, Izaurralde E.P bodies: at the 
crossroads of post-transcriptional pathways.Nat Rev Mol 
Cell Biol. 2007;8:9-22.

30. Mandel CR, Bai Y, Tong L.Protein factors in pre-mRNA 3'-
end processing.Cell Mol Life Sci. 2008;65:1099-122.

Source of Support: Nil; Conflict of Interest: None

Submitted: 18-03-2017; Accepted: 12-04-2017; Published: 09-05-2017


