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Commentary
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Abstract

Nucleolin, a major protein of the nucleolus which is required for cell proliferation is the subject of numerous studies in the field of oncology. Many 
studies suggest that the level of expression of nucleolin and its cellular localization could be an indication of the clinical outcome in several cancers. 
Quite logically for a protein required for the cancer cells to increased protein synthesis, a correlation between the high level of nucleolin expression and 
the poor prognosis of the patients is often reported. Unexpectedly, in several studies it was also found that a low nucleolin expression could be also 
associated with an unfavorable prognosis. In these commentary I discuss these studies and the possible implications for using nucleolin as a prognostic 
marker in oncology.

Keywords: Nucleolin, Cancer, Prognostic Marker

Nucleolin, an abundant multifunctional protein with 
multiple cellular localization 

Nucleolin was first described as an abundant phopho-nucleolar 
protein [1]. The protein is heavily modified post-translationally [2] and 
can interact with numerous proteins [3] and nucleic acids [4, 5]. The 
nucleolar localization of nucleolin suggested that it could be involved 
in some aspects of ribosome biogenesis as the nucleolar structures 
are the sites of transcription of the pre-ribosomal RNA and of its 
assembly with ribosomal proteins to form the pre-ribosomes that are 
then exported in the cell cytoplasm for the mRNA translation. Indeed, 
it was shown that nucleolin expression was required for the formation 
of functional nucleolar structure [6, 7]. Nucleolin is required for RNA 
polymerase I transcription [8, 9] probably through its chaperone 
activity that facilitates transcription of chromatin [10–12]. It has been 
suggested that the transient interaction of nucleolin with the pre-
rRNA during transcription might be involved in the correct folding 
of the long pre-RNA which is required for the processing in mature 
ribosomal RNA [13–17] but it remains to be demonstrated if the RNA 
binding specificity of nucleolin towards pre-rRNA is important as 
deletion of the RNA binding domains responsible for this specificity 
do not seems to be crucial for the vital function of nucleolin [7]. 
By analogy to this co-transcriptional role of nucleolin in pre-rRNA 
maturation and assembly with proteins, it has been recently suggested 
that acetylated nucleolin could also be involved in the assembly of 
pre-catalytic spliceosomes and in splicing reaction [18, 19]. Several 
reports suggest also that nucleolin could be involved in the regulation 
of transcription of some ANP polymerase II genes [20–24]. Whether 
there is a functional link between this RNAPII regulation and the 
implication in the co-transcriptional splicing of some pre-mRNA 

remains to be determined. In addition to this fundamental role in the 
regulation of gene expression, there has been a renewed interest in 
the study of this protein because it has been discovered that nucleolin 
is also present on the cell surface. Initially described as a HIV gp120 
V3 loop binding protein which could be involved in the binding of 
HIV particles to CD4(+) cells [25, 26], it was then suggested that cell 
surface nucleolin could be a receptor for diverse ligands [27–29]. 

Cell surface nucleolin was then described as a marker of 
endothelial cells in angiogenic blood [30] and this specific localization 
was associated with cancer cells [31–36].Whether the localization of 
nucleolin on the cell surface is specific to the cancerous nature of the 
cell or is the result of a high proliferation rate of these cells remains 
to be determined. One major difficulty to study the function of cell 
surface nucleolin and its link with cancer cells is that the detection 
of cell surface nucleolin is difficult. Initial studies were performed 
by incubating cells with a monoclonal antibody (mAb D3) at room 
temperature before paraformaldehyde (PFA) fixation [37]. The 
beautiful images showing a regular localization of nucleolin on the 
surface of HeLa cells are very difficult to reproduce with other anti-
nucleolin antibodies. Nevertheless, in other studies, immunoelectron 
microscopy [38] or cell fractionation [37, 39] confirmed the presence 
of nucleolin on the cell surface.

Is Nucleolin expression a marker for cancer cells ?

Since several decades, it is known that cells that have a high 
proliferation rate express more nucleolar proteins (including 
nucleolin) as reflected by the silver staining method (AgNOR) [40]. 
It is therefore not surprising that, in general, cancer cells are also 
characterized by a higher level of detection of AgNOR proteins [41, 
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42]. This can be easily explained by the need of the cancer cells to 
produce more proteins to support the higher proliferation of these 
cells, and therefore by the need to make more ribosomes to produce 
these proteins.  

Indeed, in many studies, it is described that nucleolin is over-
expressed in tumors and cancer cells as detected by RT-QPCR, western 
blot or immunocytochemistry. For instance, an overexpression of 
nucleolin was detected in glioblastoma cells [43], hepatocellular 
carcinoma [44], pancreatic cancer [45], non-small cell lung cancer [46], 
acute myeloid leukemia [47], breast cancer [48].  However, it is very 
rare if in these studies the different pools of nucleolin (nucleoplasmic, 
nucleolar, cytoplasmic and at the cell surface) were discriminated. 
As the nucleolar pool of nucleolin represents the vast majority of 
total nucleolin protein, it is very likely that the increased expression 
of nucleolin results in an increased of this nucleolar pool (which 
participates to the increased in RNA polymerase I transcription of 
pre-ribosomal RNA) and also to the other cellular pools. Stating that 
nucleolin is overexpressed in cancer cells is however an unfortunate 
simplification found in many research papers and reviews. The real 
situation is indeed more complicated and finer studies on the level of 
expression of nucleolin should be done especially using large series of 
biological samples.

In many studies, the level of expression of nucleolin at the mRNA 
or protein level is examined in a limited number of biological samples 
or could even limited to established cell lines representing models 
for a specific cancer. In these cases, the results should be taken with 
care, as the expression of nucleolin could greatly fluctuate and be very 
sensitive to the growth conditions of culture cells.

When large number of samples are used, a wide range of nucleolin 
fold change is usually observed.  Then, it can become a challenge to 
determine which expression level represent a “low” versus a “high” 
expression. The discrimination between “low” and “high” can be done 
only if enough samples are analyzed and if a good control group is 
also examined at the same time. Then a “low” nucleolin expression 
may represent the normal expression found in control samples, or an 
expression that is lower than in the control group.  

In human non-small cell lung cancer (NSCLC), 
immunohistochemistry was used to measure nucleolin expression 
in tissues from 225 NSCLC patients [46]. Higher expression of 
nucleolin was observed in 62,8% of the patients and the authors tried 
to discriminate the level of nuclear versus cytoplasmic nucleolin 
expression. If about equal number out of the 225 samples show either 
a low or high expression of cytoplasmic nucleolin, about 68% of the 
tumors had a low expression of nuclear nucleolin (and therefore 
32% had a high expression of the nuclear pool of nucleolin). In that 
example, higher nucleolin nuclear level was associated with better 
survival while high level of cytoplasmic nucleolin was associated 
with poorer prognosis [46].  The same conclusions was drawn in a 
study on gastric cancer [49]. Among 124 gastrectomy samples, 68,5 % 
showed a high nucleolin expression. It was found that a high nucleolar 
nucleolin expression was associated with a better prognosis while 
tumors from patients showing a high cytoplasmic detection had the 
worse prognosis. In most of these studies the elevated total nucleolin 

expression is associated with a poor prognosis of patients like in gastric 
cancer, hepatocellular carcinoma, аcute myeloid leukemia, non-small 
cell lung cancer, pancreatic ductal adenocarcinoma [44, 47, 49–51]. 
Interestingly, in AML, the higher nucleolin mRNA expression level, 
compared to normal blasts, was associated with a poor survival only 
in elderly patients, and was found to be an independent marker [47].

The prognostic value of nucleolin expression was analyzed in 
acute myeloid leukemia (AML). In this study, the 75th percentile was 
used to form the two group of low and high expression [47] using 
different series of biological samples or TGCA data sets representing 
270 samples in total. In this type of cancer, the nucleolin expression 
was found to cover a very large dispersion. Using this patient 
stratification, it was found that high nucleolin expression was 
associated with a poor survival in elderly patients. In a study on the 
correlation between nucleolin expression and patient outcome with 
hepatocellular carcinoma, it was found in a series of 130 patients that 
about 60% of tumors expressed “high” nucleolin expression and 40% 
a “low” expression [44] with very little explanation on how the cut off 
was done. The “high” nucleolin expression was then associated with 
poor prognosis of the patient. 

However, it seems that there is not always a strict correlation 
between the level of nucleolin expression and the aggressiveness of the 
tumor and the outcome of the prognosis.

In another study in breast cancer, a quartile distribution analysis 
was first performed and highlighted that two quartiles can be grouped. 
Therefore, the expression levels could be stratified in three group 
representing a “low”, “medium” and “high” nucleolin expression 
[48]. Unexpectedly, using this stratification it was found that “low” 
and “High” expression levels of nucleolin were both markers of 
poor survival in triple negative breast cancer (TNBC). Interestingly, 
transcriptomic analysis of these two groups of samples in the TCGA 
data base revealed different gene expression profiles suggesting 
that the tumors in these two groups are different allowing a better 
stratification of TNBC patients. In agreement with these data, in 
another independent study, it was found by immunohistochemistry 
on a panel of 70 TNBC that nucleolin was undetectable in about 20% 
of these tumor which could correspond to the “low” expression while 
the expression was “high” in 30% of the tumors [52]. In this study, 
the authors did not determine if there was a correlation between this 
patient stratification based on nucleolin expression and the prognostic 
outcome.

In a study using 69 biological samples from patients with stage II 
pancreatic ductal adenocarcinoma (PDAC), the authors determined 
nucleolin expression using immunohistochemistry and scored the 
nucleolin expression levels using the median nucleolin labeling index 
as cut off [50]. They found that low level of nucleolin expression was a 
marker of poor prognosis (19.5 ±3.3 months versus 65.2 ±16.3 months 
for patients having tumor with a higher nucleolin expression).  

Conclusion

In most of the studies, the expression of nucleolin is not 
homogeneous in the different tumors samples. If overall, the expression 
of nucleolin seems higher in the majority of the tumors it remains that 
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a substantial number of tumors show a low or intermediate expression 
of nucleolin. In several cases, the tumors showing a low expression 
have been also associated with a poor prognosis. In addition, the 
localization of nucleolin expression within the cells (nuclear versus 
cytoplasmic) seems to be also important to predict the outcome of the 
patient. It is therefore important to be able to discriminate the level 
of nucleolin expression compared to normal tissue (which cutt off is 
used to make the distinction between high and low expression) and 
to have enough biological samples to be able to draw any conclusion 
on the prognostic value of nucleolin expression. As recently shown 
with breast TNBC series, the stratification of patients according to 
nucleolin expression level could be an additional criteria to choose  
a therapeutic strategy and to develop clinical trials with available 
molecules that target nucleolin.
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