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Abstract

Background: Nucleophosmin is a non-ribosomal nucleolar phosphoprotein that is found primarily in the nucleolus

region of cell nucleus, plays multiple important roles in tumor processes. Accumulated previous studies have reported a
potential value of NPM acted as a biomarker for prognosis in various solid tumors, but the results were more
inconsistency. We performed this meta-analysis to precisely evaluate the prognostic significance of NPM in solid tumors.

Methods: Clinical data were collected from a comprehensive literature search in PubMed, Web of Science, Embase, and
China National Knowledge Infrastructure databases (up to October, 2017). A total of 11 studied with 997 patients were
used to assess the association of NPM expression and patients’ overall survival (OS). The hazard ratio (HR) or odds ratio

therapeutic target in human solid tumors.
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(OR) with its 95% confidence intervals (Cl) were calculated to estimate the effect.

Results: The pooled results indicated that higher expression of NPM was observably correlated with poor OS in solid
tumor (HR=1.85, 95% Cl: 1.44-2.38, P < 0.001). Furthermore, high expression of NPM was associated with some
phenotypes of tumor aggressiveness, such as tumor stage (4 studies, lll/IV vs. I/ll, OR = 5.21, 95% Cl: 2.72-9.56, P < 0.001),
differentiation grade (poor vs. well/moderate, OR = 1.82, 95% Cl: 1.01-3.27, P=0.046).

Conclusion: This meta-analysis indicated that NPM may act as a valuable prognosis biomarker and a potential

Background
Nucleophosmin (NPM), also known as B23, numatrin or
NO38, was originally identified as a nucleolar phospho-
protein [1]. It was abundantly expressed in the granular
region of the nucleolus, which could shuttle between the
nucleus and cytoplasm during the cell cycle [2]. NPM
consists of 294 amino acids [3]. It is highly conserved
phosphoprotein and extensively distributed among
different species. Its molecular weight is around 37 kDa
and isoelectric point (pl) is 5.1 to 5 [4].

NPM is a multifunctional nucleolar phosphoprotein.
Previous studies showed that NPM acted as a factor in
ribosome biogenesis, which could regulate ribosome
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assembly and transport ribosomal proteins to the cyto-
plasm [5]. Additionally, it was proposed that NPM pos-
sessed molecular chaperone activities, such as preventing
protein aggregation, preserving enzymes activities during
thermal denaturation of several different proteins and
facilitating renaturation of chemically-denatured proteins
[6]. Recently, several studies suggested that NPM played a
crucial role in cell growth, proliferation and transform-
ation. It could regulate cell cycle progression and centro-
some duplication [7, 8]. NPM was able to regulate the
activity and stability of crucial tumor suppressors such as
p53 and ARF [9]. NPM also participated in transcription
activation by interacting with transcription factors NF-kB
and c-Myc [10, 11].

In addition, numerous studies displayed NPM could
be involved in tumorgenesis. Although NPM is fre-
quently mutated in acute myeloid leukemias [12], it is
higher expression in many types of human solid tumors,
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and it has been proposed as a marker for colon, liver,
stomach, ovary, thyroid and prostate carcinoma [3,
13-17]. In some cases, because NPM binds to linker
histone H1.5, enforced expression of NPM could sup-
press apoptosis in H1.5 depleted glioma «cells, it
suggested that effectiveness of targeting NPM could be a
potential treatment for glioblastoma [18]. Overexpression
of NPM may intensively influence the effects of estrogen
on the malignant progression of endometrioid adenocar-
cinoma via ERa signaling [19, 20]. On the contrary,
knockout of NPM in cells and mice disturbed the genomic
stability, which it contributed to growth-suppressing
pathways through the interaction between NPM and ARF.
So the loss of NPM expression could contribute to
tumorigenesis [9].

Although NPM has a great diversity of biological func-
tions, its physiological function in tumorigenesis is still a
controversial issue on account of tumor suppressive and
oncogenic functions of NPM. Due to the inconsistency
of NPM functions, we preformed this meta-analysis to
evaluate the prognostic value of NPM in patients with
solid tumors. It expected NPM could serve as a novel
biomarker for diagnosis and treatment in solid tumors.

Methods

Literature search and study selection

A comprehensive literature search was conducted by
using the electronic databases PubMed, Web of Science,
Embase, and China National Knowledge Infrastructure
databases (up to October, 2017) with the following terms:
“nucleophosmin or NPM or B23 or numatrin or NO38 or
NPM1” and “cancer or tumor or carcinoma or malignancy
or neoplasm” and “prognosis or prognostic or survival or
mortality or outcome”. The results were restricted to hu-
man studies. We also searched the reference lists of the
reviews on related topics to identify additional studies.

We diligently screened the eligible studies with the fol-
lowing inclusion criteria: (1) studies assessing the associ-
ation of NPM expression and prognostic outcomes in
solid tumors; (2) NPM expression has been measured in
tumor tissue by immunohistochemistry (IHC) stain; (3)
dividing NPM expression into “high” and “low” or “posi-
tive” and “negative”; (4) offering hazard ratios (HRs) with
95% confidence intervals (CIs) or sufficient information
for estimating these statistics; (5) studies were written as
full papers. We excluded the following studies: letters,
reviews, abstracts, editorials, case reports, expert opin-
ions, or animal experiments.

Data extraction and quality assessment

All data included in this meta-analysis were reviewed and
extracted independently by two investigators using a pre-
defined form. The collected data included the first author
name, publication year, study region, cancer type, number
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of patients, age, sex, cancer stage or grade, percentage of
high NPM expression and the cutoff value, median
follow-up months, HR and 95%CI of high NPM ex-
pression group versus low group. For studies that
showed only Kaplan-Meier curves, we extracted the
survival data by Engauge Digitizer (version 4.1). And
the estimated HR and 95%CI were calculated using
Tierney’s method [21].

The quality of each included study was carefully
assessed by two independent authors using Newcastle-
Ottawa Quality Assessment Scale (NOS) [22]. Three
evaluation contents contained selection, comparability,
and outcome of interest. The studies with higher than 6
scores were considered as high-quality studies.

Statistical analysis

Statistical analyses were performed using STATA 14.0
software (Stata Corporation, College Station, TX, USA).
The pooled HRs and 95%Cls were used to evaluate the
relationship between NPM expression and patients’
overall survival (OS). Additionally, odds ratios (ORs) and
their 95%Cls were used to assess the association be-
tween NPM expression and the clinicopathological fea-
tures of solid tumors. The statistical heterogeneity was
measured using the Cochran’s Q-test and I-squared test
[23]. I2>50% or P<0.10 were considered as significant
heterogeneity. Publication bias was assessed using Begg’s
funnel plot, the symmetry of funnel plot was evaluated
by Egger’s test (P<0.05 was considered as statistically
significance) [24]. The sensitivity analysis was carried
out by sequentially removing each study to evaluate the

Records identified through database
searching (n = 532)

Records after duplicates removed
(n=395)

Records excluded because of
review, case report, non
abstract, non full text article
(n=263)

Records screened
(n=132)

Records excluded because of
irrelevance, animal
experiments, non solid tumor
article (n =76)

Full-text articles reviewed for
eligibility (n = 56)

Records excluded because of
non survival data, not
contain NPM OS (n =45)

Studies included in this meta-
analysis (n=11)

Fig. 1 Flow diagram of the study selection process. NPM:

nucleophosmin; OS: overall survival
- J
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influence of single study on the pooled outcomes. All
analysis were calculated using the random-effects model.

Results
Description of eligible studies
Initially, a total of 532 studies were identified by elec-
tronic search in primary databases. Then 11 eligible
studies were included in the final meta-analysis accord-
ing to the inclusion and exclusion criteria. The concise
process of literature selection was presented in Fig. 1.
All 11 studies with a total of 997 patients were used
immunohistochemistry method to detect the expression
of NPM. The patients from China [3, 14, 25-29], Japan
[30], Taiwan [31, 32], Italy [15] were diagnosed with vari-
ous tumors, including colon cancer, Ewing’s sarcoma,
hepatocellular carcinoma, gastric cancer, ovarian serous
cancer, colorectal carcinomas, glioma, astrocytoma, pan-
creatic ductal adenocarcinoma, bladder urothelial carcin-
oma. The main characteristics of these included studies
are shown in Table 1. Of the 11 included studies, the
median follow-up time ranged from 0.6 to 179 months,
even 4 studies did not report it [3, 27, 31, 32]. One study
[15] did not state the percentage of high NPM expres-
sion, and the cutoff value for defining positive or high
NPM expression could be extracted from 9 studies. The
HR and 95%CI for assessing the association of NPM ex-
pression and overall survival were directly reported in 5
studies, and those of other studies only showed
Kaplan-Meier survival curves [3, 14, 28-30, 32]. All of
included studies were high quality, and they got a
score > 6 NOS assessment.
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The prognostic value of NPM in solid tumor patients’
overall survival

All 11 studies were included in this meta-analysis of
solid tumor patients’ overall survival. A random-effects
model was used to calculate the pooled HR and 95% CL
The result demonstrated that the solid tumor patients
with higher expression of NPM had poor prognosis (HR
=1.85; 95%CI: 1.44-2.38; P<0.001). The heterogeneity
test showed P value was 0.665 and I* value was 0.0%
(Fig. 2).

Association of NPM and clinicopathological features

To explore the role of NPM expression in different solid tu-
mors, we also investigated the correlation between NPM
levels and clinicopathological features. The results illus-
trated in Table 2, NPM expression was not related with
solid tumors patients’ age, gender and tumor size. However,
positive or high expression of NPM was significantly associ-
ated with advanced tumor stage (4 studies; III/IV vs. I/II;
pooled OR =5.21; 95%CI: 2.72-9.96; P < 0.001; random ef-
fects) and advanced differentiation grade (3 studies; poor
vs. well/moderate; pooled OR = 1.82; 95%CI: 1.01-3.27 P =
0.046; random effects) (Figs. 3 and 4).

Sensitivity analysis

Sensitivity analysis was preformed to assess the potential
heterogeneity of each study on the patients’ overall sur-
vival. The results suggested that the pooled HRs was not
influenced the combined results after removing any indi-
vidual study (Fig. 5). This indicated that the results of
meta-analysis were stable and reliable.

Study %

D HR (95% Cl) Weight
i

Kikuta (2009) : 1.66 (0.33,8.29) 242

Liu (2012) , 1.30 (0.12, 14.65) 1.09

Lo (2013) ]l == 1.92(0.92, 4.02) 1157
V

Li (2014) —= 197 (1.13,3.42) 2063

Londero (2014) —_ 2.98 (1.46, 6.08) 12.36

Yang (2014) _— 1.92 (1.06, 3.49) 17.62

Chen (2015) —:—.— 238 (1.15,4.93) 11.86

Kuo (2015) ——o—g— 1.43(0.75,2.74) 14.99

Zhu (2015) : 0.54(0.16, 1.79) 431

Zhou (2016) 1.87 (0.28, 12.69) 173
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Fig. 2 Forrest plots of studies assessing NPM expression and patients’ overall survival
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Table 2 Meta-analysis of NPM expression and clinicopathological features in solid tumors

Categories Studies Pooled OR 95% Cl Heterogeneity 1°(%) P Value
Age(260 vs. < 60) 0.755 0403-1416 52.1 0.381
Gender (male vs. female) 9 0.741 0.550-1.000 0.0 0.050
Tumor size (24 cm vs. <4 cm) 3 0.771 0.438-1.358 0.0 0.368
Tumor stage (III/IV vs. I/1) 4 5209 2.724-9.959 222 <0.001
Differentiation grade (poor vs. well/moderate) 4 1.817 1.010-3.266 0.0 0.046

Publication bias

As shown in Fig. 6, the shape of the funnel plot for OS
was symmetrical, and the results from Begg’s test (P =
0.119) and Egger’s test (P=0.191) also revealed that
there was no obvious publication bias in this
meta-analysis.

Discussion
As a multifunctional factor, NPM participated in cell
growth, proliferation, transformation and apoptosis [9,
33]. In the past studies, most of researchers found that
overexpression of NPM may promote tumors progres-
sion and predict poor prognosis of cancer patients, and
they even expected NPM as a new biomolecular marker
for improving clinical cancer therapy and outcomes [4,
32, 34]. However, the prognostic value of NPM among
different solid tumors is still in contradiction. By sum-
marizing the findings of published literatures, we con-
ducted this comprehensive meta-analysis to assess the
association between expression of NPM and the progno-
sis of solid tumor patients.

This meta-analysis included 11 studies with 997
patients, and the systematically evaluated outcomes
demonstrated the high level of NPM was significantly

correlated to poor overall survival in various solid
tumors. It suggested that NPM overexpression was a
potential independent predictor of poor prognosis in
most solid tumors, including Ewing’s sarcoma, hepato-
cellular carcinoma, gastric cancer, ovarian serous cancer,
colorectal carcinomas, glioma, astrocytoma, pancreatic
adenocarcinoma and bladder carcinoma. Moreover,
sensitivity analysis reinforced the reliability of this
meta-analysis outcomes. And the publication bias was
not detected in the pooled outcomes. Although four
studies didn’t report the median follow-up time, we esti-
mated the outcomes by Kaplan-Meier curves of overall
survival, and they didn’t impact the stability and reliabil-
ity of meta-analysis. Besides, according to the subgroup
analyses, we also investigated the association between
NPM expression and clinicopathological features. The
results indicated that the high expression of NPM was
obviously related to advanced tumor stage and advanced
differentiation grade, which suggested that NPM level
probably involved in tumor progression and then
affected tumor patients’ overall survival.

It has been demonstrated that abnormal expression of
NPM could promote tumorigenesis and tumor progres-
sion in more different cancers. For instance, as a critical

Study

D OR (95% CI) Weight
3
Lo (2013) — = 7.94 (2.38, 26.56) 22.86
;
Li (2014) ——— 2.67 (1.06. 6.69) 34.24
i
Zhu (2015) 219 (0.10, 47.80) 425
)
Zhou (2016) —=m 8.08 (3.49, 18.71) 38.65

Overall (I-squared = 22.2%, p = 0.277) <> 5.21(2.72, 9.96) 100.00
\
1
i
NOTE: Weights are from random effects analysis !
T * T
.0209 1 478

Fig. 3 Forrest plots of studies evaluating NPM expression and tumor stage
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Fig. 4 Forrest plots of studies evaluating NPM expression and differentiation grade

regulator, NPM was overexpressed in prostate cancer,
and it regulated cell proliferation [35]. The high expres-
sion of NPM is associated with local recurrence, and
NPM might be used as a prognostic indicator in oral
squamous cell carcinoma [36]. Moreover, NPM was
overexpression in thyroid tumors, its dysregulation oc-
curred at protein level and related to an increase of
p-Akt level of transformed thyrocytes [16]. NPM might
be a useful immunohistochemical marker for differential
diagnosis between oncocytoma and chromophobe renal
cell carcinomas (RCCs), and increased nucleolar NPM
expression in RCCs appeared to be associated with
tumor progression [37]. All these researches proved the
significant value of NPM as a biomarker in the occur-
rence and progress of solid tumors. While the

mechanism of NPM overexpression should still be fur-
ther explored and investigated.

To our knowledge, several limitations may exist in our
meta-analysis. Firstly, some of the studies did not report
the HRs about NPM expression and OS, we only calcu-
lated them through Kaplan-Meier survival curves or uni-
variate analysis. These may be less reliable than the
accurate HRs directly obtained from published articles
[38]. Secondly, the methods and cut-off values for asses-
sing NPM expression and defining NPM positivity or
high level were inconsistent. This may lead to hetero-
geneity. Thirdly, due to the limited number of studies,
we were not able to conduct detail subgroup analyses to
avoid the tumor heterogeneity. Fourthly, the follow-up
period in all included studies were considerably different

loghr

Begg's funnel plot with pseudo 95% confidence limits

-2 -

Fig. 5 Sensitivity analysis of the meta-analysis

s.e. of: loghr
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Fig. 6 Begg's funnel plot for potential publication bias of the included literatures

and some of them did not report it. In consequence, the
further studies should need to explore the influence of
these confounding factors on the pooled results.

Conclusions

This present study is the first and comprehensive
meta-analysis that illustrates the possible prognostic role
of NPM up-regulation in solid tumors. Our results sug-
gest that NPM may be a useful prognostic biomarker,
and targeting NPM might be a promising therapeutic
approach for solid tumors. But further data are still re-
quired for the potential effect of NPM on the different
solid tumors from future researches.
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