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Impact statement

Nasopharyngeal cancer is one of the most
common malignant tumors in the head and
neck. Identification of promising miRNA
biomarkers might benefit a lot to the
detection of nasopharyngeal carcinoma. A
three-miRNA signature (has-miR-142-3p,
has-miR-29c¢, and has-miR-30e) was
obviously associated with the overall sur-
vival of nasopharyngeal carcinoma
patients. The model has better clinical
independence and has better clinical pre-
diction effect when combined with clinical
characteristics. Our results revealed that a
three-miRNA signature was a potential
novel prognostic biomarker for nasopha-
ryngeal carcinoma.

Abstract

Nasopharyngeal cancer is one of the most common malignant tumors in the head and neck.
Identification of promising miRNA biomarkers might benefit a lot to the detection of naso-
pharyngeal carcinoma. miRNA expression profile and clinical information were obtained
from two microarray profiling data sets from the Gene Expression Omnibus (GEO) data-
base. miRNA signature model was constructed via univariate Cox survival analysis, multi-
variate Cox survival analysis, and least absolute shrinkage and selection operator Cox
regression analysis. Kaplan-Meier curve, area under the curve (AUC), decision curve anal-
ysis, Box plot, and nomogram were used to evaluate the prognosis of the model to patients.
67 up-regulated and 93 down-regulated miRNAs were identified from GEO microarray data
sets (P < 0.05). A three-miRNA signature (has-miR-142-3p, has-miR-29¢, and has-miR-
30e) was obviously associated with the overall survival of nasopharyngeal carcinoma
patients (P < 0.001). The AUCs for the signature were 0.74, 0.7 for the training set and

external validation set. The AUC of disease free survival and distant metastasis-free survival were also high. The model has better
clinical independence and has better clinical prediction effect when combined with clinical characteristics (P < 0.0001). Compared
with the published models, our model had a higher AUC. Our results revealed that a three-miRNA signature was a potential novel

prognostic biomarker for nasopharyngeal carcinoma.
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Introduction

The incidence of nasopharyngeal cancer is closely related to
genetic factors, Epstein-Barr virus (EBV) infection and
environmental factors. Early diagnosis is the most effective
means to save patients’ lives and improve their quality of
life."! Unfortunately, the onset of nasopharyngeal carcinoma
is hidden and has a strong tendency to metastasize.
According to statistics, about 75% of patients have reached
the advanced stage at the time of treatment, becoming the
main reason for the failure of nasopharyngeal cancer treat-
ment.>2 Therefore, screening the tumor markers of

ISSN 1535-3702
Copyright © 2020 by the Society for Experimental Biology and Medicine

nasopharyngeal carcinoma, striving for early detection,
and selecting the best treatment scheme have important
clinical significance for the diagnosis and treatment of
nasopharyngeal carcinoma.

The study of tumor markers is a hot topic along with the
whole course of tumor research. At present, various tumor
markers have been found and have been widely used in clin-
ical practice. Alpha-fetoprotein is used to diagnose and mon-
itor liver cancer, prostatespecific antigen is used for the
diagnosis of prostate cancer, and humanpapillomavirus
is used to screen for cervical cancer. EBV antibody and EBV-
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DNA are commonly used in clinical screening of nasopharyn-
geal carcinoma, and the positive rate is correlated with the
clinical stage, TNM Classification of Malignant Tumors
(TNM) stage, and survival rate of nasopharyngeal carcinoma,’
but the sensitivity and specificity are far from the clinical
requirements. The ideal tumor marker should have the char-
acteristics of easy detection, stable expression, early change,
high sensitivity and specificity, and be able to reflect the prog-
ress and progression of the tumor.* At present, tumor markers
that fully meet the standard have not been found.

Studies have found that more than 50% of miRNAs
are located in tumor-related genomic regions, and chromo-
somal abnormalities directly lead to changes in the copy
number of miRNA genes, resulting in misregulation of
miRNA expression in a variety of tumors and playing the
role of oncogenes or tumor suppressor genes.’miR-205 can
be easily differentiated between squamous cell lung cancer
and non-small cell lung cancer, with a sensitivity of
96% and specificity of 90%.° High expression of miR-205
may increase the sensitivity of breast cancer cells to the
molecular boot-to-drug tyrosine kinase inhibitors gefitinib
and lapatinib.” It was found that mir-216b was down-
regulated in nasopharyngeal carcinoma tissues and cells,
and inhibited the proliferation of nasopharyngeal carcino-
ma cells in wvitro by inhibiting AKT and ERK
pathways.®miR-200a promotes epithelium-mesenchymal
transition of nasopharyngeal carcinoma cells by regulating
boot genes ZEB2 and p-catenin, and differentiate into stem-
like cells, so as to obtain the ability of infiltration and
metastasis.”'’EBV-miR-BART8-3p expression was signifi-
cantly higher in human nasopharyngeal carcinoma and is
a potential therapeutic target for nasopharyngeal carcino-
ma."’ In summary, miRNA has a promising application
prospect in the study of tumor molecular markers.
However, integrating multiple genes may be a more reli-
able predictor of tumor prognosis.

In this study, bioinformatics technology was used to ana-
lyze nasopharyngeal carcinoma miRNA expression profiles
in Gene Expression Omnibus (GEO) database, and univar-
iate and multivariate COX survival analysis was used to
identify miRNA signature. We hope that this miRNA prog-
nosis model can be used as a potential diagnostic indicator
for patients with nasopharyngeal carcinoma.

Materials and methods

Data collection

The miRNA expression profiles and clinical data from
GSE32960 and GSE70970 were obtained from the GEO
(www.ncbi.nlm.nih.gov/geo) database.”> The GSE32960
data set contains 312 non-distant metastasis nasopharyngeal
cancer and 18 non-cancerous nasopharyngitis biopsy sam-
ples. The median follow-up time was 62.1 months (IQR
47.7-71.5). All these samples were collected from the Sun
Yat-sen University Cancer Center (Guangzhou, China)
between 16 January 2003 and 25 February 2006. The clinical
staging was classified according to the criteria of the United
States Joint Committee on Cancer Staging (Seventh Version).
The GSE70970 data set contains a total of 246 nasopharyngeal
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Table 1. Clinical information of the two data sets.

GSE32960 GSE70970

Characteristic (n=312) (n = 246)
Age (years)

<50 201 116

>50 111 130
Survival status

No 238 176

Yes 74 70
Disease free status

No 217 159

Yes 95 87
Metastasis status

No 246 211

Yes 66 35
Gender

Female 79 71

Male 233 175
pathologic_T

T 66 74

T2 89 50

T3 71 52

T4 86 67
pathologic_N

NO 44 49

N1 148 83

N2 72 90

N3 48 23
Tumor Stage

Stage | 12 -

Stage Il 86 -

Stage Il 91 -

Stage IV 123 -
Cocurrent chemotherapy

No 44 120

Yes 268 126
Radiotherapy boosting

No 163 -

Yes 149 -

cancer patients from Princess Margaret Cancer Center
(Toronto, Canada). Samples with a survival time of less
than onemonth were removed and ComBat was used to
delete the batch effect. The data set information is shown in
Table 1. The work flow chart is shown in Figure 1.

miRNA differential expression analysis

The tumor samples and non-tumor samples from the
GSE32960 data set were subjected to differential analysis
through the R software limma package, and miRNAs
with [logl.5|>1 and false discovery rate <0.05 were
defined as differentially expressed miRNAs.

miRNA prognosis model

miRNAs that were significant in the univariate Cox surviv-
al analysis and remained significant after inclusion of clin-
ical covariates were used as candidate gene sets. Eighty
percent of the GSE32960 data sets were randomly selected
as the training set. Based on the “glmnet”'® software pack-
age in R, least absolute shrinkage and selection operator
(LASSO) Cox regression analysis was performed for 200
times, and miRNA with the highest occurrence frequency
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GSE32960 (312 NPC samples
and 18 normal Ssamples)

Limma(Tumor vs Normal)
llog1.5/>1 and FDR < 0.05

Univariate cox analysis
51 miRNAs (p < 0.05)

Multivariate cox analysis
8 miRNAs (p < 0.05)
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200 lasso cox analysis
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Figure 1. Work flow chart. (A color version of this figure is available in the online journal.)

(higher than 150) was selected as nasopharyngeal cancer
samples to establish the best prognosis model. The optimal
value of the parameter was determined through 10
cross-validation, and finally the relative expression of
each prognostic miRNA and its correlation coefficients
were determined by multivariate cox analysis, and the
prognostic miRNA risk score for each sample was calculat-
ed. The risk score for miRNA signatures was calculated as
follows:

(coef; x Expr;)
i1

where Expr; is the expression value of the corresponding
gene sample, coef; is the cox regression coefficient of mul-
tivariate factors.

Evaluate the prognosis of patients with
miRNA model
According to the risk score associated with the miRNA

model, patients from different data sets were divided into
low-risk and high-risk groups. The R package “timeROC”**

analysis was then used to calculate one-, three- and five-
year area under the curve (AUC) of disease-free survival
(DFS), overall survival (OS), and distant metastasis-free
survival (DMFS). Kaplan-Meier (KM) survival analysis
was used to assess the survival differences between differ-
ent clinicopathological characteristics, between the high/
low-risk groups and between the Stage I/II vs. Stage 111/
IV groups in the data sets mentioned above. The “survival”
package in R was used to perform a two-sided log-rank test
and univariate and multivariate Cox regression analyses.

Correlation between prognostic model and
clinicopathological features

Boxplot was used to show the relationship between risk
score and the corresponding clinicopathological character-
istics, including age, Stage stages, T, N, etc., and the statis-
tical significance was analyzed by chi-square test.

Nomogram

First, univariate and multivariate Cox regression analyses
were performed to identify the appropriate items to con-
struct the nomogram. Value, hazard ratio (HR), and 95%
confidence interval (CI) of each variable, was determined
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using the “forestplot” software package in R."> We found =~ TNM Stage, age, and Gender have a significant impact on
that the miRNA signature model, N Stage, T Stage, and  prognosis (Figure S1).

Gender were the only four independent prognostic factors
that could be used to predict survival. Thus, by using the
“RMS” package in R,'® four independent prognostic factors
were used to construct the nomogram. The AUC was used
to analyze and compare the predictive models of clinical =~ Univariate Cox proportional risk regression model was
outcomes. In addition, decision curve analysis (DCA) was  used for the expression and survival data of 872 miRNAs
used to measure the suitability of the nomograms we estab-  in GSE32960 samples. The R package was used to survival

Identification of miRNAs significantly correlated with
prognosis

lished for clinical application. coxph function, and P < 0.05 was selected as the threshold
value. Finally, 51 miRNAs with significant prognosis were
Comparison with published models obtained (Figure 2(a)). Furthermore, the significant clinical

features of lymph node metastasis (N Stage), invasion level
(T Stage), TNM Stage, Age, and Gender were used as cova-
riables for multivariate survival analysis of 51 miRNA. The
significance threshold was selected as 0.05, and eight
miRNAs were finally obtained (Figure 2(b)). Then, based
on the expression levels of these 872 miRNAs, the differ-
ences between tumor samples and non-tumor samples
were calculated by limma package. Finally, significant dif-
Results ferences were found in 150 miRNAs, among which 67 were
up-regulated and 93 were down-regulated (Figure 2(c)),
among the 8 miRNAs obtained by multivariate survival
analysis, 6 miRNAs showed significant differences in
First, according to the OS time and clinical characteristics of =~ down-regulation, and 1 miRNA showed significant differ-
the sample, lymph node metastasis N, invasion degree T,  ences in up-regulation. The heat map also showed differ-
age, TMN Stage, radiotherapy, and chemotherapy were, ential expression of miRNA (Figure 2(d)). Finally, the seven
respectively, analyzed for KM prognosis. The results differentially expressed miRNAs associated with prognosis
showed that lymph node metastasis N, invasion degree T, = were used for subsequent studies.

By referring to the literature, we finally selected three prog-
nostic risk models: 4-miRNA signature,'” 4-miRNA signa-
ture,'® and 4-miRNA signature'® for comparison with our
3-miRNA model, and evaluated them by KM curve, receiv-
er operating characteristic (ROC) curve, restricted mean
survival (RMS), and decision curve analysis (DCA) curve.

Correlation between nasopharyngeal carcinoma
samples and clinical features
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Figure 2. miRNAs with significantly different prognosis. (a) Univariate analysis of significant miRNA forest map. (b) Multivariate analysis of significant miRNA-related
heatmaps. Red represents positive correlation and blue represents negative correlation. (c) Volcano map of differential expression miRNA. Red is up-regulated
miRNAs, blue is down-regulated miRNAs. (d) Heatmap of differential expression miRNA. (A color version of this figure is available in the online journal.)
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3-miRNA signature analysis

In order to reduce the number of miRNAs, LASSO regres-
sion analysis was used for dimensionality reduction.
Eighty percent of the samples were randomly selected
from GSE32960 for LASSO analysis, and 10x cross-
validation was used to conduct LASSO analysis for 200
times, and the frequency of each probe in the 200 times
was counted (Figure 3(a)). Finally, three miRNAs with fre-
quency greater than 150 were selected (Table 2), and KM
curve analysis of the three miRNAs showed that these three
genes could significantly distinguish the GSE32960 samples
from the two groups of high and low risk (Figure 3(b) to
(d)). A formula was obtained to calculate the risk score for
every patient from the expression values of the three hub
miRNAs, weighted by the regression coefficient.
RiskScores = —0.124 x expMs*mMiR1423p _ () 219 x exphsa-mik-
29c 0.336 x exphsa—miR—SOe.

With this risk score formula, nasopharyngeal cancer
patients were divided into low-risk or high-risk groups.
Furthermore, the survival difference between the two
groups of patients was plotted. Notably, compared with
patients with low-risk scores of the three miRNAs, patients
with high-risk scores had a shorter OS. Also, high

expression of hsa-mir-142-3p, hsa-mir-29¢c, and hsa-mir-
30e were associated with low risk, which were protective
factors (Figure 4(a)). Furthermore, to compare the sensitiv-
ity and specificity of prediction, ROC analysis was per-
formed and the AUC of oneyear is 0.74 (Figure 4(b)).
Finally, we conducted zscore for RiskScore, dividing the
samples greater than zero into the high-risk group and
the samples less than zero into the low-risk group. KM
prognosis curve showed significant difference in prognosis
(Figure 4(c)). Similarly, the five years AUCs of the risk score
in RFS and DMFS were 0.68 and 0.7, respectively (Figure 5
(a) and (b)). KM curve of RFS and DMFS also had signifi-
cant difference between high-risk group and low-risk
group (Figure 5(c) and (d)).

Robustness of 3-miRNA signature

To evaluate the predictive value of miRNA signature, the
same model and the same coefficient as the training set
were used in an external validation set (GSE70970). With
this risk score formula, nasopharyngeal cancer patients
were divided into low-risk or high-risk groups.
Furthermore, the survival difference between the two
groups of patients was plotted. Notably, compared with
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Figure 3. Screening target miRNAs. (a) The frequency distribution of miRNA selected by 200 LASSO features, the horizontal axis represents genes, and the vertical
axis represents the frequency of occurrence. (b) to (d) KM prognosis curve of has-miR-142-3p, has-miR-29¢, and has-miR-30e. (A color version of this figure is

available in the online journal.)

Table 2. 3-miRNA signature.

Symbol coef HR P value Low 95%CI High 95%CI
hsa-miR-142-3p -0.124 0.883 0.482 0.624 1.249
hsa-miR-29c -0.219 0.803 0.225 0.564 1.144
hsa-miR-30e —0.336 0.715 0.022 0.536 0.953
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patients with low-risk scores of the three miRNAs, patients
with high-risk scores had a shorter OS. Similarly, high
expression of hsa-miR-142-3p, hsa-miR-29¢, and hsa-miR-
30e were associated with low risk, which were protective
factors (Figure 6(a)). ROC analysis was performed and the
AUC of oneyears is 0.70 (Figure 6(b)). KM OS prognosis
curve showed significant difference in prognosis (Figure 6
(c)). Those data implied that 3-miRNA signature had a
good robustness.

Analysis of clinicopathological features in the
training set

Clinicopathological data were collected from the GSE32960
data set, including age, Gender, T Stage, N Stage, Stage
stage, and the differences between high- and low-risk
groups were analyzed. Chi-square test results show that T
staging of patients with nasopharyngeal cancer significant-
ly related, reveal more low-risk patients T1 Stage, although
we did not find significant differences in the Stage stage,
but it can be observed from the Stage I to Stage IV high-risk
patients increased in turn (Figure 7). Patients with different
clinical features (age, male, Stage III +1V, T1+ T2, T3 + T4,
NO + N1, N2 + N3, chemotherapy and radiotherapy) can be
significantly distinguished between high- and low-risk
group using RiskScore, which further shows that our
model in different clinical signs also still has good predic-
tion ability (Figure 8).

Independence of 3-miRNA signature model

In order to identify the independence of the 3-miRNA sig-
nature model in clinical application, univariate and multi-
variate COX regression was used to analyze the relevant
HR (95%CI of HR, P value) in the GSE32960 data set. In the
TCGA data set, univariate COX regression analysis found
that Age, T Stage, N Stage, Gender, Stage, and RiskScore
were all significantly correlated with survival (Figure 9(a)),
while the corresponding multivariate COX regression anal-
ysis found that RiskScore, Gender, T Stage, and N Stage
were significantly correlated with survival. The results
showed that 3-miRNA signature, Gender, T staging, and
N staging were independent prognostic factors that could
be used to predict the survival rate of nasopharyngeal
cancer patients (Figure 9(b)).

A nomogram shows the results of the risk model visu-
ally and effectively. Based on the results of univariate and
multivariate cox analysis, we constructed a nomogram
model combining the four independent prognostic factors
Gender, T Stage, N Stage, and RiskScore, and provided
a quantitative method to predict the OS prognosis of
nasopharyngeal cancer patients at three and fiveyears
(Figure 10(a)). In addition, the calibration diagram shows
that the nomogram has similar performance to the ideal
model (Figure 10(b)). Finally, the ROC analysis results
also showed that our nomogram had a high potential for
clinical application (Figure 10(c)). The results of DCA also
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Figure 6. Validation of 3-miRNA signature prognosis. (a) Risk score, survival time and survival status, and 3-miRNA signature in the test set (GSE70970 data set). (b)
ROC curve and AUC of 3-miRNA signature in test set (GSE70970 data set). Abscissa means false positive fraction; ordinate means true positive fraction. (c) KM survival
curve of 3-miRNA signature in test set (GSE70970 data set). Abscissa means time, ordinate means survival probability. (A color version of this figure is available in the
online journal.)
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showed that our nomogram had a high potential for clinical
application (Figure 10(d)).

Advantages of 3-miRNA signature

By referring to the literature, we finally selected three prog-
nostic risk models: 4-miRNA signature,'” 4-miRNA signa-
ture,'® and 4-miRNA signature19 for comparison with our
3-miRNA model. In order to make the models comparable,
we calculated the risk score of each nasopharyngeal cancer
in the GSE32960 data using the same method based on the
corresponding miRNAs in the three models. ROC of each
model was evaluated, and the samples were divided into
high-risk and low-risk groups according to the median risk
score, and the differences in OS prognosis between the two
groups were calculated. Only the KM curve results of Liu
et al’s model showed no significant difference, and the
results of Zhao et al.’s model and Liu et al.’s model were
found to be worse than our 3-miRNAs model, and Zhang
et al.’s model was similar to our results through AUC com-
parison (Figure 11(a) to (c)). The restricted mean survival
curves of these models were further compared. It can be
seen that our model has the highest C-index among the four
models, which is more advantageous in long-term survival
prediction (Figure 11(d)). At the same time, we compared
the 3-miRNA signature and the prediction effect of the
three models through the DCA curve, and the results
showed that the performance of our model was

significantly better than that of Zhao and Liu et al., and
slightly better than that of Zhang et al. (Figure 11(e)).

Discussion

Considering that the abnormal expression of miRNA can
affect the molecular functions and biological processes of a
variety of tumors, many attempts have been made to use
miRNA as a biomarker to accurately predict the diagnosis
and prognosis of cancers.’>">> Up to now, several studies
have also focused on the discovery of miRNAs as bio-
markers for nasopharyngeal cancer diagnosis. Huo Zhang
et al. identified a 7-miRNA signature in plasma for naso-
pharyngeal cancer detection.”* Zhang et al. successfully
identified a four-miRNA signature using an integrated bio-
informatics analysis for predicting the prognosis of patients
with nasopharyngeal cancer.'” Wen et al. identified two
miRNA signatures (8-miRNA and 16-miRNA signatures)
with high diagnostic accuracy for nasopharyngeal cancer
from whole blood of patients.”> The lack of consistency
between these results and the limited overlap with our
results may be due to different initial screening methods,
different subject sizes, or sample processing methods.
Secondly, due to the excessive miRNA in the published
signatures, the clinical application is limited.
Subsequently, we constructed a three-miRNA signature to
predict the prognosis of nasopharyngeal cancer patients.
The risk score of the three miRNAs revealed a better
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prediction of survival than did TNM Stage, T Stage,
N Stage, and sex alone with regard to DMFS, OS, RFS,
and DFS.

miRNA plays pivotal role in biological processes
including cell proliferation, metastasis, differentiation,
development, and apoptosis.?**” The ability to bind com-
plementary sequences in 3’-UTR of various target mRNAs
leading to direct mRNA degradation or translational
repression.” It is speculated that the miRNAs identified
in the manuscript may promote some important signaling
pathways, such as nuclear factor-Kappa B activation and
PI3K/AKT signal pathway to promote the progression
of nasopharyngeal carcinoma, but the mechanism is
unknown. Although potential biomarkers of miRNA have
been identified for nasopharyngeal cancer diagnosis, the
function of miRNA in nasopharyngeal cancer carcinogene-
sis and progression are still in its infancy. miR-142-3p is
over-expressed in nasopharyngeal cancer tissues and
cell lines, and miR-142-3p promotes cell proliferation in
nasopharyngeal carcinoma by down-regulating SOCS6
expression.”” But a study found that miR-142-3p as a
key suppressive regulator in nasopharyngeal cancer

metastasis.*’miR-29c suppresses invasion and metastasis
by targeting TIAM1 in nasopharyngeal carcinoma.’’ A
study illustrated ectopic restoration of miR-29¢ substantial-
ly enhanced the sensitivity of nasopharyngeal cancer cells
to IR and cisplatin treatment by promoting
apoptosis.*’miR-30e-5p was lowly expressed in nasopha-
ryngeal cancer and inhibits proliferation and metastasis of
nasopharyngeal carcinoma cells by targeting USP22.%*
Those evidences are still limited, but it could still indicate
the feasibility of our signature, and our findings may pro-
vide for the functional studies of the three miRNAs found
in nasopharyngeal carcinoma.

This study has several limitations. First of all, this study
is based on GEO public data set, which is retrospective.
Therefore, the performance of the 3-miRNA signature
needs to be verified in future clinical studies. Second,
the current diagnostic model only treats miRNA expression
as a single set of data. Therefore, the combination of more
molecular omics data, such as mRNA expression, CpG
methylation, and genomic information, may help improve
model accuracy. Third, more in-depth functional studies
should be performed.
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Figure 11. Superiority of the model. (a) AUC curve and prognosis KM curve of Zhao et al. model in training set. (b) AUC curve and prognosis KM curve of Liu et al.
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color version of this figure is available in the online journal.)

Conclusions

In summary, we identified 3-miRNA signatures for naso-
pharyngeal cancer detection. Although virtual clinical
application still has a long way to go, considering its con-
venience and low impact on health, miRNA panel could be
combined with some traditional strategies in the near
future to help disease screening and improve clinical out-
come for nasopharyngeal cancer patients.
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