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Abstract 

Previous study found that microRNA-101 (miR-101) and microRNA-744 (miR-744) were 
deregulated in head and neck cancers and were implicated in nasopharyngeal carcinoma (NPC) 
carcinogenesis. Thus, this study aimed to determine the expression of miR-101 and miR-744 in NPC and 
analyse the utility of these microRNAs (miRNAs) as diagnostic biomarkers. Total RNA was extracted 
from 31 NPC and 7 non-NPC control formalin-fixed paraffin-embedded (FFPE) samples. Complementary 
DNA (cDNA) was synthesized from the total RNA and proceeded with quantitative real-time polymerase 
chain reaction. Differential expression of miR-101 and miR-744 were calculated from quantification 
cycle (Cq) data using 2-ΔΔCq calculation. The performance of these miRNAs were calculated using 
receiver operating characteristic (ROC) curve analysis. The differential expression for miR-101 and miR-
744 were -1.39 (p < 0.05) and 2.48 (p > 0.05), respectively, where the deregulations were consistent with 
the previous report. The area under curve for miR-101, miR-744 and combination of miR-101 and miR-
744 were 0.654 (95 % CI: 0.465 - 0.844), 0.588 (95 % CI: 0.368 - 0.808) and 0.626 (95 % CI: 0.481 - 
0.771), respectively. However, re-analysis using balanced sample size between NPC and non-NPC 
control group showed the value decreased to 0.653 (95 % CI: 0.347 - 0.959) for miR-101 but increased to 
0.827 (95 % CI: 0.601 - 1.000) for miR-744 and 0.758 (95 % CI: 0.576 - 0.939) for the combination of 
miR-101 and miR-744, indicating the importance of having a balanced sample size. We have successfully 
determined the expression of miR-101 and miR-744 in NPC samples. We also demonstrated statistically 
the utility of these miRNAs as diagnostic biomarkers. 
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Introduction 

Nasopharyngeal carcinoma (NPC) is the fifth most common cancer in terms of incidence and 
prevalence in Malaysia after breast, colorectal, lung and lymphoma cancers. Epidemiologically, a recent 
report revealed that males of ethnic Chinese within the range of 25 to 65 years old were at the highest risk 
of NPC, followed by Malays and Indians [1]. The same authors also reported that the prevalence rate of 
NPC in the Malaysian Chinese was only slightly lower than that of the Southern China and Singaporean 
Chinese populations, in respective orders. Previously, Devi et al. [2] have reported a surprisingly high 
prevalence of NPC among Bidayuh native group in Sarawak, where the prevalence was the highest rate 
recorded by worldwide population-based registry between years of 1996 until 1998. In years of 2003 until 
2005, 2315 cases of NPC were reported in Malaysia, and it was the seventh common cancer in the 
country and the second highest rate of NPC internationally [3]. Even though the evidences demonstrate 
that the prevalence of NPC in Malaysia is at alarming level, the number of published studies on NPC 
among Malaysian is still scarce and at fundamental level. 

MicroRNAs (miRNAs) are a new class of non-coding RNAs that regulate the expression of 
messenger RNAs (mRNAs) by post-transcriptional inhibition or degradation of the mRNAs [4]. Various 
miRNAs are involved in the regulation of physiological cellular development such as cell growth, 
proliferation, differentiation, and apoptosis [5]. In cancer, miRNA can be divided according to their 
functionality into tumor suppressive, oncogenic, and viral miRNAs, depending on their functions in 
mechanisms of oncogenesis and tumor progression [6-8]. Several studies have been performed to screen 
and determine the roles of miRNAs in NPC. A review on miRNAs in NPC reported a list of miRNAs 
encoded in human and Epstein-Barr virus (EBV) that may involve in the carcinogenesis of NPC [9]. The 
down- and up-regulation of tumor suppressive and carcinogenic miRNAs, respectively, are involved in 
the carcinogenesis of NPC by increasing the cellular proliferation [10], reducing the cellular apoptosis 
[11], and promoting the NPC cell migration and invasion [12] through the deregulation of various gene 
expression such as C-X-C chemokine receptor type 4 (CXCR4), enhancer of zeste homolog 2 (EZH2) and 
T cell lymphoma invasion and metastasis 1 (TIAM1), respectively. Additionally, certain miRNAs such as 
miR-29c may cause the NPC cells to develop resistance against radiotherapy and chemotherapy [13]. 
Meanwhile, viral miRNAs, particularly that of the EBV, play roles in several mechanisms to cause 
carcinogenesis of NPC in human such as manipulation of host genes that are responsible for apoptosis 
and immune response [14,15], and enhancing the migration and invasion of NPC cells [16]. 

miR-101 and miR-744 are the tumor-suppressive and oncogenic miRNAs that have been found to 
be involved in the carcinogenesis of NPC [17,18]. The role of miR-101 as a tumor suppressor in several 
cancers has been demonstrated by Chen et al. [19], where it can sensitize non-small cell lung cancer cells 
toward radiation. In NPC, Alajez et al. [20] demonstrated the role of miR-101 in causing cytotoxicity 
towards NPC cells upon ionizing radiation by regulating EZH2. The role of miR-101 in inducing 
sensitization of NPC towards radiation had been further demonstrated by Sun et al. [21], in which the 
ectopic miR-101 in NPC was found to sensitize the NPC cells towards radiation by targeting stathmin 1 
(STMN1). In a recent study by Tang et al. [18] another role of miR-101 in inhibiting metastasis and 
angiogenesis in NPC was postulated through the regulation of integrin subunit alpha 3 (ITGA3). 
Meanwhile, the role of miR-744 as an oncogenic miRNA has been implicated in a study by Fang et al. 
[22], where they found that miR-744 caused NPC progression and metastasis by regulating Rho GTPase 
activating protein 5 (ARHGAP5). A later study found that c-Jun induce the up-regulation of miR-744 in 
NPC cells which then promoted the migratory and invasive ability of the cells [17], indicating the 
consistency with previous study in miRNA-mediated carcinogenesis of NPC. 

A study by Nurul-Syakima et al. [25] found a list of miRNAs that were deregulated in a cohort of 
Malaysian head and neck squamous cell carcinoma (HNSCC) biopsy samples where NPC was included 
in the study sample population. In the study, the expression of miR-101 was found to be down-regulated, 
while miR-744 was up-regulated in HNSCC as compared to normal biopsies, which is consistent with 
findings in other NPC studies [18,21-23]. However, the study proceeded to solely focus on the role of 
miRNAs in the carcinogenesis of hypopharyngeal squamous cell carcinoma (HSCC) only and NPC was 
left out in the subsequent analyses. Based on our literature review, no other continuous or independent 
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miRNA study had been previously done on NPC in Malaysia. This gap has motivated the current study to 
observe whether the differential expression of miR-101 and miR-744 in NPC samples would be the same 
as in the study by Nurul-Syakima et al. [25] and to evaluate the utility of these miRNAs as diagnostic 
biomarkers for NPC. 
 
Materials and methods 

Sample collection  
The protocol of the study was reviewed and approved by IIUM Research Ethic Committee and 

Medical of International Islamic University Malaysia (IIUM) and Medical Research Ethic Committee of 
Ministry of Health, Malaysia. Formalin-fixed paraffin-embedded (FFPE) of nasopharynx biopsies were 
collected from archive of Department of Pathology of Hospital Tengku Ampuan Afzan (HTAA), 
Kuantan, Pahang, Malaysia. Thus, the study used convenience sampling due to the use of available and 
accessible samples only. The status of FFPE samples were verified by pathologists from HTAA. The 
samples with non-keratinizing differentiated and non-keratinizing undifferentiated tissues were 
categorized as NPC group and the samples with other than these tissues were categorized as non-NPC 
control group. In matching the NPC samples with non-NPC samples, some NPC samples have been 
paired non-NPC samples and some NPC samples have been matched with the non-NPC samples that 
were diagnosed with other type of diseases, such as lymphoma and inflammation. The summary of 
demographic data of the current study is provided in Table 1. 
 

Total RNA extraction 
The total RNA extraction was performed using innuPREP FFPE total RNA kit (Analytik Jena, 

Germany), according to the manufacturer’s protocol. Briefly, 6 sections of 10 µm thickness of FFPE 
samples were used for the total RNA extraction. The samples were treated with lysis solution and 
Proteinase K followed by incubation and centrifugation to obtain supernatant. The supernatant was 
subjected to spin column filtration and washing using wash buffer. Finally, the samples were eluted twice 
using 50 µL RNase-free water. The purity and yield of RNA was quantified using NanoDrop™ 
spectrophotometer (Thermo Fisher Scientific, USA). 

 
Reverse transcription 
Reverse transcription reaction (RT) was performed using miScript PCR System (Qiagen, Germany). 

The starting material for template RNA was individually calculated for each sample to standardize the 
concentration across the samples up to 200 ng template RNA per 20 µl RT reaction according to the 
protocol. The master mixture was prepared by mixing 4 µl of 5x miScript Hispec Buffer, 2 µl of 10x 
miScript Nucleics Mix and 2 µl of miScript Reverse Transcriptase in a 1.5 ml tube. Later, RNase-free 
water and template RNA were added to the 8 µl of total master mixture to make up the total reaction of 
reverse transcription to 20 µl per sample. The mixture was incubated for at 37 °C for 60 min, at 95 °C for 
5 min to inactive the Reverse Transcriptase, and placed at 4 °C for infinity using CFX96 Real-Time 
System (Bio-Rad, USA). Then, the cDNA sample was diluted in 200 µl of RNase-free water prior to 
quantitative real-time polymerase chain reaction (qPCR).  

 
Quantitative real-time polymerase chain reaction 
The quantitative real-time polymerase chain reaction (qPCR) assays for miR-101 and miR-744 were 

prepared according to the protocol of miScript PCR System (Qiagen, Germany). This protocol enables 
quantification of mature miRNA by qPCR using target-specific miScript Primer Assay (forward primers) 
of miR-101 and miR-744 and the miScript SYBR Green PCR Kit containing miScript Universal Primer 
(reverse primer) and QuantiTect SYBR Green PCR Master Mix. Small nucleolar RNA 48 (SNORD48) 
was used as an endogenous control [25]. For each assay, the reaction mixture contained of 12.5 µl 
QuantiTect SYBR Green PCR Master Mix, 2.5 µl miScript Universal Primer, 2.5 µl miScript Primer 
Assay for miR-101, miR-744 and SNORD48, 5 µl RNase-free water and 2.5 µl template cDNA. The 
assay was then subjected to cycling condition according to the protocol using CFX96 Touch™ Real-Time 
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PCR Detection System thermocycler (Bio-Rad, USA). The 2-ΔΔCt method was used to calculate the fold-
change of miR-101 and miR-744. 

 
Statistical analysis 
All statistical analyses were performed using IBM SPSS Statistics 2.0. The analyses to compare the 

mean between NPC and non-NPC control group was performed using independent t-test. The 
performance of miR-101 and miR-744 to distinguish between NPC cases from non-NPC controls was 
measured using receiver operating characteristic (ROC) curve analysis. 
 
Results and discussion 

Demographic data 
As shown in Table 1, 31 cases of NPC were reported at HTAA. Out of these recruited cases, 25 

patients (80.65 %) were males and 6 (19.35 %) were females. Malay patients constituted 19 (61.29 %) 
subjects of the cases, followed by 12 (38.71 %) from the Chinese ethnicity. Regarding stage at diagnosis, 
stage 4 was the most reported cases in HTAA, followed by stage 3, 2 and 1. Eight cases were marked as 
“unknown” status, due to unavailable hospital record for the stage of cancer at the diagnosis for these 
subjects. Regarding the specific type of the cancer, type 3, non-keratinizing undifferentiated NPC, was 
the most predominant type of NPC among the cases recruited in the study. 
 
 
Table 1 Demographic data of subjects in NPC and non-NPC control group. 
 
Characteristics NPC Non-NPC controls 
Number of subjects 31 7 
Age (mean ± SD) 50.161 ± 11.565 45.714 ± 12.855 
Gender 
   Male 
   Female 

 
25 
6 

 
7 
0 

Ethnic 
   Malay 
   Chinese 
   Aborigine 

 
19 
12 
0 

 
3 
3 
1 

Stage 
   1 
   2 
   3 
   4 
   Unknown 

 
1 
7 
6 
9 
8 

 

Type 
   2 
   3 

 
3 
28 

 

 
 
Quality control of the samples 
The status of the biopsies has been validated histologically by the pathologists from HTAA and 

IIUM. Out of 38 nasopharynx samples, 31 biopsies have been confirmed with NPC where 28 were non-
keratinized undifferentiated (type 3 NPC) and 3 were non-keratinized differentiated (type 2 NPC). All 
NPC biopsy samples contained at least 90 % malignant tissues. Meanwhile, the other 7 biopsies were 
ascertained to be normal, lymphoma or inflammatory biopsies of nasopharynx. 

The spectrometry result for total RNA extract of all samples is in Table 2. Most of the total RNA 
extracts were within the ideal range of nucleic acid purity level, except for certain sample extracts with 
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slightly low purity, specifically NC12, C15, NPC18, NPC20 and NPC21. Even though these sample 
extracts have slightly low purity, the amplification curve of PCR reaction for these sample extracts did 
not show any abnormal curve, as shown in Figure 1, which indicated inhibition in the PCR reaction. 
Furthermore, we statistically compared the ΔCq values of miR-101 and miR-744 in poor and good purity 
sample extracts. The result, as shown in Table 3, showed there was no significant difference between 
ΔCq values of poor and good purity sample extracts. This indicated that there was no enzymatic 
inhibition that occurred in the qPCR reaction. Therefore, the use of slightly low purity of sample extracts 
in this study should have no significant confounding effect towards the downstream analysis. 
 
 
Table 2 Data for quality control of the samples. 
 

Sample 
Spectrometry result 

Histological result Purity Concentration (ng/µl) 260/280 260/230 
NC9 2.12 2.2 28.57 Normal 

NN11 1.91 3.29 38.53 Normal 
NC12 1.67 2.15 25.70 Lymphoma 

C4 1.86 2.01 114.48 Inflammation 
C15 1.75 2.10 199.49 Normal 
C16 1.94 2.07 48.27 Lymphoma 
C29 1.91 1.85 64.00 Normal 

NPC1 1.82 2.09 148.96 Nonkeratinized undifferentiated NPC 
NPC2 1.81 2.01 84.12 Nonkeratinized undifferentiated NPC 
NPC3 1.92 2.05 171.41 Nonkeratinized undifferentiated NPC 
NPC5 1.96 2.00 95.38 Nonkeratinized undifferentiated NPC 
NPC6 1.85 2.14 112.20 Nonkeratinized differentiated NPC 
NPC7 1.93 1.98 49.86 Nonkeratinized undifferentiated NPC 
NPC8 1.92 1.85 231.87 Nonkeratinized undifferentiated NPC 
NPC9 1.91 1.89 184.20 Nonkeratinized undifferentiated NPC 

NPC10 2.00 1.90 141.72 Nonkeratinized undifferentiated NPC 
NPC11 1.98 1.94 57.02 Nonkeratinized differentiated NPC 
NPC12 1.89 2.02 145.98 Nonkeratinized undifferentiated NPC 
NPC13 2.00 1.96 38.56 Nonkeratinized undifferentiated NPC 
NPC14 1.88 2.04 107.31 Nonkeratinized undifferentiated NPC 
NPC17 2.02 2.09 54.40 Nonkeratinized undifferentiated NPC 
NPC18 1.98 1.79 86.91 Nonkeratinized undifferentiated NPC 
NPC19 1.96 2.04 74.41 Nonkeratinized undifferentiated NPC 
NPC20 1.96 1.71 87.87 Nonkeratinized differentiated NPC 
NPC21 1.93 1.75 98.15 Nonkeratinized undifferentiated NPC 
NPC22 1.99 1.99 663.61 Nonkeratinized undifferentiated NPC 
NPC23 1.95 2.13 175.11 Nonkeratinized undifferentiated NPC 
NPC24 1.97 1.92 107.89 Nonkeratinized undifferentiated NPC 
NPC25 1.94 1.97 153.07 Nonkeratinized undifferentiated NPC 
NPC26 1.96 2.10 165.68 Nonkeratinized undifferentiated NPC 
NPC27 1.90 1.85 132.86 Nonkeratinized undifferentiated NPC 
NPC28 1.87 2.26 36.89 Nonkeratinized undifferentiated NPC 
NPC30 1.95 2.02 72.85 Nonkeratinized undifferentiated NPC 
NPC32 1.92 1.97 52.08 Nonkeratinized undifferentiated NPC 
NPC33 2.00 2.07 58.76 Nonkeratinized undifferentiated NPC 
NPC34 1.90 2.00 229.15 Nonkeratinized undifferentiated NPC 
NPC35 2.04 2.10 87.64 Nonkeratinized undifferentiated NPC 
NPC36 1.98 2.07 167.33 Nonkeratinized undifferentiated NPC 

 
 



miR-101 and miR-744 in Nasopharyngeal Carcinoma Azmir AHMAD et al.  
http://wjst.wu.ac.th 

Walailak J Sci & Tech 2019; 16(5) 
 
300 

 
Figure 1 Amplification curves of miR-101, miR-744 and SNORD48 for sample extracts of a) NC12, b) 
C15, c) NPC18, d) NPC20 and e) NPC21. 
 
 
Table 3 ΔCq values of miR-101 and miR-744 in poor and good quality sample extracts. 
 

Samples ΔCq of miR-101 (mean ± SD) p-valuea ΔCq of miR-101 (mean ± SD) p-valuea 

Poor quality 
sample extracts 1.448 ± 1.423 

0.836 
1.406 ± 0.971 

0.553 Good quality 
sample extracts 1.596 ± 1.381 1.722 ± 1.527 

 

ap-value based on independent t-test. 
 
 
Differential expression of miR-101 and miR-744 in nasopharyngeal carcinoma as compared to 

non-NPC control subjects 
The result for calculation of differential expression for miR-101 and miR-744 using 2-ΔΔCq method 

was depicted in Table 4. The calculation showed that our results were consistent with the finding by 
Nurul-Syakima et al. [25] where miR-101 was down-regulated and miR-744 was up-regulated in NPC as 
compared to non-NPC control group. However, only the down-regulation of miR-101 was statistically 
significant (p < 0.05) but not the up-regulation of miR-744. 
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Table 4 Differential expression of miR-101 and miR-744 in current and previous study. 
 

Target Fold-change in current study p-valuea Fold-change in previous studyb p-valuea 

miR-101 -1.39 0.039 -0.51 0.0202 
miR-744 2.48 0.232 0.61 0.00264 

 
ap-value based on independent t-test. 
bAM Nurul-Syakima, C Yoke-Kqueen, AR Sabariah, MS Shiran, A Singh and L Learn-Han. Differential 
microRNA expression and identification of putative microRNA targets and pathways in head and neck 
cancers. Int. J. Mol. Med. 2011, DOI: 10.3892/ijmm.2011.714. 
 
 

Potential of miR-101 and miR-744 as diagnostic biomarker for NPC 
The ROC curve analysis, as shown in Figure 2 and Table 5, showed that miR-101 has area under 

curve (AUC) of 0.654 (95 % CI: 0.465 - 0.844) while miR-744 has AUC of 0.588 (95 % CI: 0.368 - 
0.808). 
 
 

 
Figure 2 ROC curve analysis for a) miR-101, b) miR-744 and c) combination of mIR-101 and miR-744. 
 
 
Table 5 AUC for miR-101 and miR-744, and combination of miR-101 and miR-744. 
 

Target AUC 
miR-101 0.654 (95 % CI: 0.465 - 0.844) 
miR-744 0.588 (95 % CI: 0.368 - 0.808) 

miR-744 and miR-101 0.626 (95 % CI: 0.481 - 0.771) 
 
 
Discussion 

Several studies to profile the signature of miRNA expression in NPC have been previously reported 
[16,26,27]. Recognizing that the signature of miRNA expression in a disease may provide preliminary 
information on the behaviour of the disease including in cancers, we evaluated the expression profiles of 
miR-101 and miR-744 among Malaysian patients with NPC. In Malaysia, so far, there was one published 
study by Nurul-Syakima et al. [25] that profiled the miRNA expression in head and neck cancers using 
human biopsies, in which NPC biopsies were included. However, detailed analyses in that study was only 
limited to investigate the roles of miRNAs in HSCC, excluding the NPC [28,29]. In this study, we took 
the initiative to determine the expression of miR-101 and miR-744, the miRNAs that were found to be 
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differentially expressed in the study by Nurul-Syakima et al. [25], in NPC biopsies and analyse 
statistically on their performance to be biomarkers for NPC. 

In order to observe whether the expression of miR-101 and miR-744 in HNSCC samples from the 
previous study were the same as in NPC samples, the current study was attempted to use the same 
chemistry for detection (used of SYBR Green) and endogenous control (used of SNORD48) to produce a 
comparable finding. As the samples in the current study were collected from the archive with limited 
number and type of nasopharynx samples, some inevitable differences existed between the current and 
previous study, which were clinical material (formalin instead of RNAlater fixation) and type of tissues 
used for non-NPC control group (normal, lymphoma and inflammation instead of normal only). Even 
though the clinical material used in the current study was slightly different with the previous study, 
several studies showed that miRNA expression in FFPE samples was highly correlated to miRNA 
expression in fresh frozen samples, which is comparable to RNAlater fixed samples [28-30]. Another 
study by Vojtechova et al. [33] could not find a better correlation values of miRNA expression profiles in 
fresh frozen with FFPE samples. This indicated a similarity in the pattern of miRNA expression between 
fresh frozen with FFPE samples. Furthermore, Torres et al. [34] have demonstrated that SNORD48 was 
among the most stable endogenous control in FFPE samples. This body of evidences supported that the 
usage of FFPE samples with SNORD48 as endogenous control in current study shall give a comparable 
result with the study by Nurul-Syakima et al. [25]. For the issue of different type of tissues used for non-
NPC control group, our analysis, as shown in Table 6, demonstrated no changes in terms of trend of 
miRNA expression as compared to the results obtained in the study by Nurul Syakima et al. [23]. 
Moreover, the inclusion of other non-NPC tissues, which were lymphoma and inflammatory tissues, into 
non-NPC control group did give better p-value as compared to the non-NPC control group with normal 
tissue only. Therefore, the differences presented in the current study still made the study comparable to 
the previous study. 
 
 
Table 6 The results of gene expression and p-value of miR-101 and miR-744 for non-NPC controls with 
normal, inflammation and lymphoma tissues and non-NPC controls with normal tissue only. 
 

Target 
Non-NPC controls with normal, inflammation and lymphoma Non-NPC controls with normal only 

Fold-change p-valuea Fold-change p-valuea 

miR-101 -1.39 0.039 -1.26 0.241 

miR-744 2.48 0.232 1.41 0.717 
 

ap-value based on independent t-test. 
 
 
There was lack of miRNA profiling studies that reported the down-regulation and up-regulation of 

miR-101 and miR-744 in NPC, respectively. Most of the studies focused on the role and prognostic value 
of these miRNAs in NPC [18,21-24]. Intriguingly, these studies reported the consistent finding regarding 
the trend of expression of these miRNAs. The miRNA profiling study by Nurul-Syakima et al. [25] has 
reported the down-regulation and up-regulation of miR-101 and miR-744, respectively, in HNSCC tissues 
where NPC biopsies were included in the studied samples. The current study has been successful to 
obtain the same differential expression of miR-101 and miR-744 as in the study by Nurul-Syakima et al. 
[25] and supported the earlier notion on the utility of miRNAs as biomarkers for HNSCC. However, since 
the panel of miRNAs found by Nurul-Syakima et al. [25] was based on a wide range of tumour sites 
including buccal, supraglottic, nasopharyngeal, retromolar, and at the external ear and nasal cavity, the 
panel could not tell the specific site of the cancer. Identification of specific miRNA expression signature 
that can distinguish the HNSCC of specific sites could make the panel more meaningful. 
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We continued the assessment by observing the sensitivity and specificity of miR-101 and miR-744 
to distinguish between NPC and non-NPC cases. The prognostic performance of miR-101 and miR-744 
in NPC have been described experimentally and statistically in previous studies [24,27]. To the best of 
our knowledge, our study was the first study that reported the diagnostic performance of miR-101 and 
miR-744 for the detection of NPC. Using ROC curve analysis, we found that miR-101 has AUC of 0.654 
to discriminate NPC from non-NPC control subjects while miR-744 has AUC of 0.588 and combination 
of miR-101 and miR-744 has AUC of 0.626. Even though the AUC of both miRNAs were quite low, the 
AUCs were still above the minimum value, which was 0.5 [35]. Hajian-Tilaki has discussed several 
issues that can over- or under-estimate the result of the ROC curve analysis [35]. Among the issue was 
confounder such as incomparable age between case and non-NPC control group. To reduce the 
confounder effects, we re-analysed the AUC of these miRNAs but with a reduction on the sample size to 
produce a set of sample population with matched demographical characteristics between NPC and non-
NPC controls. The reduction of the sample size was due to the limited number of non-NPC control 
samples to be matched with NPC samples. We have performed the ROC curve analysis using sample size 
of 7 samples per group where the NPC and non-NPC samples were matched for their age and gender. The 
AUC of miR-101 has slightly decreased to 0.653 but AUC of miR-744 and combination of miR-101 and 
miR-744 has increased to 0.827 and 0.758, respectively, as compared to their AUC with complete set of 
samples. Then, when we performed the ROC curve analysis using sample size of 6 samples per group 
where the NPC and non-NPC samples were matched for their age, gender, and ethnicity, we found that 
the AUC for miR-101 has reduced to 0.611 as compared to the AUC with complete set of samples but the 
AUC for miR-744 and combination of miR-101 and miR-744 have increased to 0.792 and 0.726, 
respectively. The comparison of different AUC of miR-101, miR-744, and combination of miR-101 and 
miR-744 in different sample size is shown in Table 7. Here, we were in agreement with the conclusion of 
Hajian-Tilaki [35] that to obtain a reliable result from ROC curve analysis, the study should be properly 
designed with a broad spectrum of cases and controls, prevention of bias, and control of confounders. 
This statement was supported by other studies that showed the large and balance sample size between 
case and control group yielded better AUC in discriminating cases from the control group [36,37]. 
 
 
Table 7 Comparison of AUC of miR-101, miR-744 and combination of miR-101 and miR-744 in 
different sample size. 
 

Sample size 
AUC 

miR-101 miR-744 miR-101 and miR-744 

31 NPC vs. 7 non-NPC controls 
(Whole study population) 

0.654 
(95 % CI: 0.465 - 0.844) 

0.588 
(95 % CI: 0.368 - 0.808) 

0.626 
(95 % CI: 0.481 - 0.771) 

7 NPC vs. 7 non-NPC controls 
(Age- and gender-matched) 

0.653 
(95 % CI: 0.347 - 0.959) 

0.827 
(95 % CI: 0.601 - 1.000) 

0.758 
(95 % CI: 0.576 - 0.939) 

6 NPC vs. 6 non-NPC controls 
(Age-, gender- and ethnicity-matched) 

0.611 
(95 % CI: 0.271 - 0.952) 

0.792 
(95 % CI: 0.528 - 1.000) 

0.726 
(95 % CI: 0.521 - 0.930) 

 
 

There were limitations in the current study that need to be considered and improved on in the future 
to produce more reliable and significant results. Sample size, especially for non-NPC control group, need 
to be increased and balanced with NPC group to ensure that all NPC samples can be matched accordingly 
to their age, gender, and ethnicity. Type of tissues used for controls also need to be carefully considered 
to ensure the result obtained reflects the real biological phenomena. Despite some limitations, the study 
could provide supportive evidence for the differential expression and performance as diagnostic 
biomarkers for miR-101 and miR-744. 
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Conclusions 

As a conclusion, this study has successfully demonstrated the differential expression of miR-101 
and miR-744 in NPC as compared to non-NPC controls. Even though we able to determine the 
differential expression of both miRNAs, the performance of these miRNAs in discriminating NPC from 
non-NPC control group could be improved in the future by designing a study with large and balanced 
sample size between NPC and non-NPC control groups. Since we used FFPE samples, tissue 
homogeneity is another concern to consider as the surrounding tissue could affect the miRNA expression 
and contribute to confounder effect. This confounder effect can be prevented by performing 
macrodissection on the FFPE samples [32]. 
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