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 Background Papanicolaou (Pap) triage, with high specificity, has been recommended for primary Human papillomavirus (HPV) 
testing but is flawed by poor sensitivity and cytologist dependence. We evaluated the potential role of microRNA 
(miRNA) detection in cervical exfoliated cells in HPV-positive women from a clinic-based population.

 Methods Primary HPV testing as well as Pap test were performed on all eligible women. Six miRNAs (miR-424/miR-375/miR-34a/
miR-218/miR-92a/miR-93) were detected by RT-qPCR in cervical exfoliated cells. All HPV-positive women underwent 
colposcopy and further biopsy if indicated. Mann–Whitney U test, the receiver operating characteristic curve, logistic 
regression, and Pearson’s Chi-square were used to assess data. All tests of statistical significance were two-sided.

 Results A total of 1021 eligible HPV-positive women were enrolled. The expression of miR-424/miR-375/miR-34a/miR-218 
in high-grade cervical intraepithelial neoplasia (CIN) and abnormal cytology was statistically significantly lower 
than that in low-grade CIN and normal cytology, respectively (all P < .05). Compared with the Pap test, both 
miR-424 and miR-375 detection achieved higher sensitivity (76.0% and 74.9% vs 63.8%, P < .05), higher negative 
predictive value (NPV) (85.7% and 85.4% vs 79.3%, P < .05), and comparable specificity while identifying CIN2 
or worse (CIN2+). Similar results were achieved while identifying CIN3+. Multi-marker panels based on miR-424, 
miR-375, and miR-218 further improved the performance over any single miRNA test or Pap test.

 Conclusion Single miR-424 or miR-375 detection and miR-424/miR-375/miR-218–based multimarker panels in cervical exfoli-
ated cells show superior performance over Pap triage for high-grade CIN identification in a clinic-based popula-
tion. Detection of miRNA may provide a new triage option for HPV-positive women.

  JNCI J Natl Cancer Inst (2014) 106(9): dju241 doi:10.1093/jnci/dju241

introduction
Cervical cancer ranks as the third most common malignancy in 
women worldwide (1), and about 80% of worldwide incidence 
occurs in less developed countries (2). Persistent infection of high-
risk human papillomavirus (HR-HPV) is a causal factor for the 
development of cervical cancer (3). The etiologic association of 
HR-HPV infection with the development of cervical cancer leads 
to the introduction of HR-HPV DNA testing for cervical cancer 
screening. Accumulated evidence shows that HPV testing offers a 
higher sensitivity but a lower specificity than cytology while iden-
tifying high-grade cervical intraepithelial neoplasia (CIN) (4,5). 
Supported by clinical trials (4,6–8), HPV testing has been recom-
mended as a primary screening for cervical cancer in Europe and 
some less developed areas (9). However, HPV infection is a frequent 

event, especially in young girls, and most HPV infections are tran-
sient, with nearly 90% eliminated spontaneously in two years (10). 
Thus, HPV testing alone may result in increased psychological bur-
den and unnecessary management, and a proper triage is indispen-
sable for HPV-positive populations. The introduction of cytological 
screening has successfully reduced the incidence and mortality of 
cervical cancer, and cytology triage has become a recommended 
option for HPV-positive women (9). However, cytology still pre-
sents disadvantages, mainly because of its limited sensitivity, ranging 
from 38% to 65% for a singe round test for CIN2+ (CIN grade 2 or 
worse) identification (5). Furthermore, cytology triage needs well-
trained cytologists, who are underrepresented in less developed 
countries. Therefore, it seems of considerable importance to search 
out new triage approaches for HPV-positive women.
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MicroRNAs (miRNAs), as important regulators of gene expres-
sion, are involved in many important intracellular pathways as tumor 
suppressor genes or oncogenes (11). Dysregulated miRNA expres-
sion has been found in many human malignancies (12). Recently, 
several studies (13–16) focused on miRNAs as biomarkers for can-
cer diagnosis and obtained promising results. In those studies, most 
miRNAs were detected in serum or plasma (13), and some in other 
samples such as urine (14), saliva (15), and gastric juice (16). However, 
miRNA detection in cervical exfoliated cells has not been reported 
yet. miRNA dysregulation has been identified in cervical cancer. In a 
previous study, we identified 14 downregulated miRNAs, including 
miR-375/miR-424/miR-218 and 17 upregulated miRNAs, including 
miR-92a/miR-93 in cervical cancer and precancerous tissues, using 
a microarray platform. Of these, six miRNAs (including miR-375/
miR-92a) were further confirmed in invasive cervical cancer (ICC) 
and CIN2-3 tissues by reverse transcription and quantitative poly-
merase chain reaction (RT-qPCR) (17). Reduced miR-34a expres-
sion was found in HPV-positive cervical tissues (18). The roles of 
some of these dysregulated miRNAs in cervical carcinogenesis have 
been confirmed; miR-375, miR-424, and miR-218 participate in cer-
vical carcinogenesis via targeting of Sp1, Chk1, and LAMB3, respec-
tively (19–21), and miR-34a is involved in the HPV E6-p53 pathway 
(22). Dysregulated expression of miRNAs implies their potential 
application as biomarkers for cervical cancer screening.

In this study, we chose six of these previously studied dysregu-
lated miRNAs (miR-424/miR-375/miR-34a/miR-218/miR-92a/
miR-93) as candidate biomarkers for cervical cancer screening in 
HPV-positive women. We performed Papanicolaou (Pap) test and 
miRNA detection in cervical exfoliated cell samples from HPV-
positive women and evaluated the performance of miRNA detec-
tion for high-grade CIN identification.

Methods
Subject Recruitment and Sample Collection
From August 2012 to May 2013, women who visited the gynecologic 
clinic of our hospital for various gynecologic disorders and under-
went primary HPV testing were prospectively recruited. Women 
were excluded from the study according to the following criteria: 
1) previously confirmed CIN, cervical cancer, or other malignancies, 
2) previous therapeutic procedure to cervix, 3) aged younger than 
30 years or older than 65 years, and 4) pregnancy. Included women 
with positive HPV test results were enrolled as eligible subjects. All 
HPV-positive eligible women also underwent Pap tests for triage. 
Those with normal Pap tests underwent colposcopy alone; if suspi-
cious lesions were detected colposcopically, biopsy was performed. 
Those with abnormal Pap tests, that is, abnormal squamous cells of 
uncertain significance (ASCUS) or worse, underwent colposcopi-
cally directed multiple biopsies, including random and suspicious 
lesions, if present. All women with abnormal histological diagnosis 
were managed according to American Society for Colposcopy and 
Cervical Pathology (ASCCP) 2006 guidelines (23). The manage-
ment procedure for all eligible women is shown in Figure 1. In line 
with current clinical practice, colposcopists were aware of the Pap 
test and HPV testing results but blinded to any miRNA detection 
results, and the results of miRNA detection were used for research 
only and not for triage clinically. MiRNA detection of each eligible 

woman was performed in residual cervical exfoliated cell samples 
after Pap test. Informed consent was obtained from all women for 
the collection of their residual cell samples and from HPV-positive/
cytology-negative women for colposcopic inspection. The study 
was approved by the Ethics Committee of the Hospital and con-
ducted in accordance with the 2008 Declaration of Helsinki.

HPV Testing and Pap Test
High-risk HPV DNA was detected by Hybrid Capture 2 assay 
(HC2, Digene, Gaithersburg, MD) according to the manufacturer’s 
instructions. At least 1 pg/mL HPV DNA or more was required to 
be identified as positive. The technology of liquid-based cytology 
(LBC) was used for the Pap test. Thin-layer LBC was processed 
by a ThinPrep 2000 processor (Cytyc Corporation, Marlborough, 
MA). The cytological diagnosis was made by cytologists of the hos-
pital according to the Bethesda System (TBS, 2001) (24).

MiRNA Detection
The total RNA containing miRNA of each sample was extracted with 
Trizol Reagent (Invitrogen, Carlsbad, CA) according to the manu-
facturer’s instructions. Stem-loop real-time RT-qPCR was used for 
miRNA detection as previously described (17). cDNA was synthe-
sized from 0.5 μg of total RNA in a 10 μL reaction volume with the 
PrimeScript RT reagent Kit (TaKaRa, Dalian, China), and the reverse 
transcription (RT) reaction program was as follows: 30 min at 16°C, 
30 min at 42°C, 5 min at 85°C, and end at 4°C. qPCR was performed to 
quantify the expression of target miRNAs using SYBR Premix Ex Taq 
kit (TaKaRa, Dalian, China) on an ABI 7900HT fast real-time system 
(Applied Biosystems, Foster City, CA). One microliter of the RT prod-
uct was added in a total reaction volume of 20 μL, and the reactions 
were incubated in a 96-well plate at 95°C for 30 seconds, followed by 
40 cycles of 95°C for 5 seconds and 60°C for 30 seconds. For normali-
zation, U6 was used as an endogenous control. The relative quantita-
tive method was used and the relative expression level of miRNA was 
calculated based on the following equation: F = 2-ΔCt,where ΔCt = Ct 
(miRNA) – Ct (U6). All results of miRNA detection were considered 
invalid when one or more cycle threshold (Ct) values of six miRNAs 
were more than 35 in one sample. A higher F value indicated a higher 
relative expression level. MiRNA detection was blind to Pap test 
results and histological diagnosis. Primers used in miRNA detection 
are shown in Supplementary Table 1 (available online).

Histological Diagnosis
Histological diagnosis was made by pathologists of the hospital 
according to Pathology and Genetics of Tumors of the Breast and 
Female genital organs (World Health Organization, 2003) (25). If 
there was a disagreement on histological diagnoses, a discussion was 
held by the pathologists until a consensus diagnosis was reached. All 
HPV-positive, cytology-normal, and colposcopy-negative women 
were regarded as histologically normal on ethical grounds. All 
reviewers (pathologists) were blinded to miRNA detection results.

Statistical Analysis
SPSS software (version 17.0; SPSS Inc, Chicago, IL) was used in 
this study. P less than .05 (two-sided) was considered statistically 
significant. Statistical comparisons between two groups were per-
formed by the nonparametric Mann–Whitney U test. The receiver 
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1153 women at 30-65 years of age underwent Pap test.

Colposcopy (n = 629)

Negative (without suspicious lesion ) (n = 188) Positive (with suspicious lesion) (n = 441)

Biopsy under colposcopy (n = 833)

Pap (-) (n = 629)

Regarded as histologically negative (n = 188)

Managed according to ASCCP guideline (23)

121 women completed Pap test only because of insufficient residual samples for six 

miRNA detections; 11 women with invalid miRNA detection results (Ct > 35).

1021 eligible women 

6112 women accepted primary HPV HC2 testing

1450 women with positive HPV testing

297 women met exclusion criteria

4662 women with negative HPV testing

Pap (+) (n = 392)

Colposcopy (n = 392)

Normal (n = 272)

CIN1 (n = 39)

CIN2 (n = 65)

CIN3 (n = 65)

ICC (n = 0)

Normal (n = 59)

CIN1 (n = 16)

CIN2 (n = 11)

CIN3 (n = 27)

ICC (n = 0)

Normal (n = 47)

CIN1 (n = 18)

CIN2 (n = 37)

CIN3 (n = 33)

ICC (n = 0)

Normal (n = 9)

CIN1 (n = 7)

CIN2 (n = 19)

CIN3 (n = 35)

ICC (n = 3)

Normal (n = 4)

CIN1 (n = 3)

CIN2 (n = 12)

CIN3 (n = 47)

ICC (n = 2)

Normal (n = 0)

CIN1 (n = 0)

CIN2 (n = 0)

CIN3 (n = 1)

ICC (n = 2)

1021 Pap test results 1021 miRNA detections with valid results

Figure  1. Test results and outcomes. At least 1 pg/mL HPV DNA or 
more were identified as positive for the Digene HC2 HPV testing. Pap 
(+) denotes positive Pap test result and is defined as ASCUS or worse. 
Pap (-) denotes negative Pap test result. ASC-H  =  atypical squamous 
cells-cannot exclude high-grade squamous intraepithelial lesion; 

ASCUS = abnormal squamous cells of uncertain significance; CIN = cer-
vical intraepithelial neoplasia; HPV = human papillomavirus; HSIL = high-
grade squamous intraepithelial lesion; ICC =  invasive cervical cancer; 
LSIL = low-grade squamous intraepithelial lesion; SCC = squamous cell 
carcinoma.
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operating characteristic (ROC) curve and logistic regression analysis 
were used to assess the performance of miRNA detection in detect-
ing high-grade CIN. The optimal cutoff values of each miRNA were 
determined by the maximal Youden index (26,27). Two histological 
cutoffs were used: CIN2+ and CIN3+. For the Pap test, ASCUS+ 
was used as the cutoff value. Pearson Chi-Square was used to com-
pare performance efficiency between the Pap test and miRNA 
detection. The 95% confidence intervals (CIs) of proportions were 
calculated based on the following equation: p ± 1.96 p(1-p)/n,  
where n was the case number involved in the calculation of 
proportion.

results
As shown in Figure 1, a total of 6112 women underwent primary 
HPV testing during the period, of which 1450 women presented 
as HPV positive, but 297 HPV-positive women were excluded by 
the exclusion criteria. Among the remaining 1153 HPV-positive 
women, 132 were further excluded, including 121 with deficient 
residual samples for detection of the six miRNAs and 11 with inva-
lid miRNA detection results (Ct > 35). Among 1021 eligible women 
who finally completed both Pap test and miRNA detection with 
valid results, 833 underwent cervical biopsies under colposcopy, 
among whom 392 presented with abnormal Pap tests (ASCUS+) 
and 441 presented with normal Pap tests but positive colposcopies. 
The remaining 188 women with normal Pap tests and negative col-
poscopies did not undergo biopsies.

Table  1 shows the relative expression levels of six candidate 
miRNAs in 1021 HPV-positive women. The relative expression 
levels of miR-218, miR-34a, miR-424, and miR-375, but not miR-
92a and miR-93, in CIN2+ and CIN3+ groups were statistically 
significantly lower than those in CIN1- (CIN1 or better) and 
CIN2- groups, respectively (all P < .001). Supplementary Figure 1 
(available online) shows the data distributions of two representa-
tive miRNAs (miR-424/miR-375) by final histology, and their dis-
tributions were skewed. Similarly, the relative expression levels of 
miR-218, miR-34a, miR-424, and miR-375, but not miR-92a and 
miR-93, in ASCUS+ women were statistically significantly lower 
than those in women with normal cytology (P < .001 for all except 
miR-34a, where P = .004).

Further, we plotted ROC curves for miR-424, miR-375, miR-
34a, and miR-218, as well as Pap test (Figure  2). According to 
the maximal Youden index, 1.353 × 10–5, 0.965 × 10–3, 0.759 × 10–3, 
and 1.928 × 10–5 were identified as the cutoff values of miR-424, 
miR-375, miR-34a, and miR-218 for high-grade CIN identifica-
tion, respectively. The results of miRNA detection and Pap tests 
in women of different histological groups (Normal, CIN1, CIN2, 
CIN3, and ICC) are shown in Table 2, and the results of miRNA 
detection in women with different cytology outcomes are shown 
in Table 3. Table 4 shows the performance parameters of miRNA 
detection for identifying high-grade CIN. To identify CIN2+, 
compared with Pap test, miR-424 detection achieved greater area 
under curve (AUC) (0.840 vs 0.696) with statistically significantly 
higher sensitivity (76.0% vs 63.8%, P < .001), positive predictive 
value (PPV) (65.3% vs 58.4%, P  =  .04), NPV (85.7% vs 79.3%, 
P = .003), and comparable specificity (78.1% vs 75.4%, P = .24). In 
addition, miR-375 detection also achieved greater AUC (0.779 vs Ta
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0.696) with statistically significantly higher sensitivity (74.9% vs 
63.8%, P = .001), PPV (66.3% vs 58.4%, P = .02), NPV (85.4% vs  
79.3%, P  =  .01), and comparable specificity (79.3% vs 75.4%, 
P  =  .09). To identify CIN3+, both miR-424 and miR-375 detec-
tion also showed advantages over Pap tests with greater AUCs 
(0.828 and 0.760 vs 0.699, respectively) and significant higher sen-
sitivity (82.3% vs 69.8, P  =  .002 and 80.9% vs 69.8%, P  =  0.01, 
respectively), NPV (93.7% vs 89.7%, P = .01 and 93.3% vs 89.7%, 
P = .02, respectively), and comparable specificity and PPV (P > .05). 
Further, logistic regression analysis identified two multimarker 
panels, miR-424/375/218 and miR-424/375 for CIN2+ and CIN3+ 
identification, respectively. Both panels achieved greater AUCs 
than the Pap test and any single miRNA detection (Figure 2), with 

statistically significantly higher sensitivity, specificity, PPV, and 
NPV than the Pap test, and statistically significantly higher speci-
ficity and PPV, similar sensitivity and NPV, compared with single 
miR-424 or miR-375 detection (Table 4).

Discussion
Cervical exfoliated cells as ideal samples have been widely used in 
cervical cancer screening, both for HPV testing and the Pap test. 
To our knowledge, this is the first report on miRNA detection in 
cervical exfoliated cells. Here, among 1021 HPV-positive women, 
we found that the expression of miR-424/miR-375/miR-34a/miR-
218 in cervical exfoliated cells was statistically significantly lower in 

Figure 2. The receiver operating characteristic (ROC) curves of miRNA detection and Pap test in identifying high-grade cervical intraepithelial neo-
plasia (CIN). A) miRNA detection and Pap test to identify CIN2+ (CIN grade 2 or worse). B) miRNA detection and Pap test to identify CIN3+.

Table 2. The results of miRNA detection and Papanicolaou (Pap) test in different cervical lesions*

Subgroup Result miR-424, No. (%) miR-375, No. (%) miR-218, No. (%) miR-34a, No. (%) Pap test, No.(%)

Normal† + 114 (19.7) 112 (19.3) 140 (24.2) 358 (61.8) 119 (20.6)
(n = 579) - 465 (80.3) 467 (80.7) 439 (75.8) 221 (38.2) 460 (79.4)
CIN1 + 31 (37.3) 25 (30.1) 31 (37.3) 48 (57.8) 39 (47.0)
(n = 83) - 52 (62.7) 58 (69.9) 52 (62.7) 35 (42.2) 44 (53.0)
CIN2 + 96 (66.7) 94 (65.3) 77 (53.5) 117 (81.3) 79 (54.9)
(n = 144) - 48 (33.3) 50 (34.7) 67 (46.5) 27 (18.7) 65 (45.1)
CIN3 + 172 (82.7) 169 (81.3) 109 (52.4) 155 (74.5) 143 (68.8)
(n = 208) - 36 (17.3) 39 (18.7) 99 (47.6) 53 (25.5) 65 (31.2)
ICC + 5 (71.4) 5 (71.4) 6 (85.7) 4 (57.1) 7 (100.0)
(n = 7) - 2 (28.6) 2 (28.6) 1 (14.3) 3 (42.9) 0 (0.0)

* Cutoffs of miR-424, miR-375, miR-34a, miR-218, and Pap test were 1.353E-5, 0.965E-3, 0.759E-3, 1.928E-05, and abnormal squamous cells of uncertain 
significance (ASCUS) respectively; “+” (positive) is defined as the miRNA-relative expression level that is lower than cutoff and the result of Pap test that was 
ASCUS or worse; “-” (negative) is defined as the miRNA relative expression level that is equal to or higher than cutoff and the negative result of Pap test. 
CIN = cervical intraepithelial neoplasia; ICC = invasive cervical cancer;

† Including 188 normal Pap tests and colposcopy-negative women who did not undergo cervical biopsy.
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women with high-grade CIN and abnormal cytology (ASCUS+). 
Our and other previous studies have reported that the suppressed 
expression of the above four miRNAs plays roles in cervical cancer 
carcinogenesis or progression. Thus, our results here suggest that 
those miRNAs in cervical exfoliated cells could be utilized as can-
didate biomarkers in cervical cancer screening.

HPV testing offers advantages such as higher sensitivity, pro-
longed screening interval (4), and independence of cytologists and 
has been recommended as the primary cervical cancer screening 
for women aged 30 years or older in many countries (9). Because of 
a prevalent lack of well-trained cytologists, HPV primary screen-
ing is especially appropriate in less developed countries, including 
China. However, HPV testing also presents disadvantages, espe-
cially poor positive predictive value and therefore overreferral to 
colposcopy. Cytology triage is a recommended option for HPV-
positive women (9). Indeed, disadvantages of HPV testing can be, 
to some extent, overcome by cytology triage. The results from four 
randomized controlled trails showed that cytology triage could 
avoid substantial increases in expenditures and overmanagement 
for women older than 30–35 years in HPV screening (4,6,8,28).

The Pap test is flawed by poor interobserver agreement, and 
even within a single cytology laboratory, the interpretations may 
differ substantially among personnel (29). The sensitivity of the 
Pap test is also quite poor and varies greatly among published stud-
ies. In six fair- and good-quality designed studies, the sensitivity of 
a single round Pap test ranged from 38% to 65% and 46% to 50% 
for CIN2+ and CIN3+ detection, respectively (5). Even using LBC 
instead of conventional Pap smear cannot improve the sensitivity 
or specificity for high-grade CIN detection (30). Additionally, in 
the situation of triage for HPV-positive women, HPV infection 
induces morphologic changes in cervical epithelial cells and con-
sequently affects Pap smear interpretation by recognizing more 
histologically normal or low-grade CIN as cytologically abnormal 
(31) and therefore results in more unnecessary referral to colpos-
copy. In our study, we found that the specificity of Pap test triage 
was 75.4% and 70.0%, respectively, for CIN2+ and CIN3+ iden-
tification, similar to a recent report in which the specificity of Pap 
triage in HPV-positive women was 76% and 71.7%, respectively 
(32).

MiRNAs obtained from serum and other samples have been 
used as biomarkers for cancer diagnosis. In this study, we found 

for the first time that, compared with the Pap test, both miR-424 
and miR-375 detection in cervical exfoliated cells gains greater 
AUC and statistically significantly higher sensitivity and NPV, 
without the cost of decreased specificity and PPV, while identify-
ing high-grade CIN. Our results suggest better performance of 
miR-424 or miR-375 detection triage than that of the Pap test in 
high-grade CIN identification. The higher sensitivity and NPV of 
miR-424 and miR-375 detection suggest that miRNA triage pos-
sesses stronger effectiveness and longer retesting intervals, which 
are very appealing for triage situations. To explore the potential 
complementary roles among miRNA markers, logistic regression 
analysis was used, and two multimarker panels (miR-424/375/218 
for CIN2+ and miR-424/375 for CIN3+) were identified, both of 
which improved the performance parameters further and were 
statistically significantly better than any single miRNA test or 
Pap test.

This study also had some limitations. Although the results of 
this study are promising compared with Pap triage, cytology is still 
one of the most specific triage methods currently available and has 
been recommended as a triage for HPV-positive women, based on 
many trials. Our findings were derived from a clinic-based popula-
tion instead of a general population, and it may possess biases such 
as higher HPV-positive proportion in recruited women and higher 
abnormal cytology and histology proportion in HPV-positive 
women. Since test performance might be population-dependent, 
the thresholds (cutoffs) should be extended from a clinic-based 
population to a general population with caution. Additionally, we 
did not observe statistically significant upregulation of miR-92a or 
miR-93 in high-grade CIN and abnormal cytology. Despite sub-
stantial downregulation of miR-34a and miR-218 in high-grade 
CIN and abnormal cytology, neither gained promising performance 
in triage for HPV-positive women. Previous studies indicated that 
oncogenic HPV E6 was able to downregulate miR-34a and miR-
218 and upregulate miR-93 via direct or indirect p53 degradation 
pathway (21,22,33,34). Thus, it is possible that the altered expres-
sion of miRNAs closely related to HPV infection, such as miR-34a, 
miR-218, and miR-93, has already occurred before morphologic 
change, and therefore the performance in triage is weakened. In 
addition, since both underregulated miR-424 and miR-375 pro-
duce negative readouts in identifying high-grade CIN, a standard 
procedure for sample collection is needed to reduce the variation 

Table 3. The results of miRNA detection in women with different cytology outcomes*

Subgroup Result miR-424, No. (%) miR-375, No. (%) miR-218, No. (%) miR-34a, No. (%)

Normal + 174 (27.7) 187 (29.7) 179 (28.5) 399 (63.4)
(n = 629) - 455 (72.3) 442 (72.3) 450 (71.5) 230 (36.6)
ASCUS + 41 (36.3) 46 (40.7) 44 (38.9) 71 (62.8)
(n = 113) - 72 (63.7) 67 (59.3) 69 (61.1) 42 (37.2)
LSIL + 95 (70.4) 71 (52.6) 62 (45.9) 102 (75.6)
(n = 135) - 40 (29.6) 64 (47.4) 73 (54.1) 33 (24.4)
ASC-H + 57 (78.1) 48 (65.8) 39 (53.4) 59 (80.8)
(n = 73) - 16 (21.9) 25 (34.2) 34 (46.6) 14 (19.2)
HSIL and SCC + 51 (71.8) 54 (76.1) 38 (53.5) 52 (73.2)
(n = 71) - 20 (28.2) 17 (23.9) 33 (46.5) 19 (26.8)

*  “+” is defined as the positive miRNA detection result that is less than cutoff; “-” is defined as the negative miRNA detection result that is equal to or higher 
than cutoff; Cutoffs of miR-424, miR-375, miR-34a, and miR-218 were 1.353E-5, 0.965E-3, 0.759E-3, and 1.928E-05, respectively. ASC-H = atypical squamous 
cells-cannot exclude high-grade squamous intraepithelial lesion; ASCUS = abnormal squamous cells of uncertain significance; HSIL = high-grade squamous 
intraepithelial lesion; LSIL = low-grade squamous intraepithelial lesion; SCC = squamous cell carcinoma.
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of miRNA results among individuals, because of the admixture of 
normal cells in various proportions.

In conclusion, our findings from a clinic-based population 
demonstrated that detection of both miR-424 and miR-375 in 
primary HPV-positive women offers statistically significantly 
higher sensitivity and NPV than the Pap test while detecting 
high-grade CIN, without the cost of decreased specificity and 
PPV. Multimarker panels on the basis of miR-424, miR-375, and 
miR-218 achieved statistically significantly better performance 
over any single miRNA test or the Pap test. Further research 
in a general population in a testing set is needed to validate the 
findings. Our study suggests a potential application of miRNA 
detection in cervical exfoliated cells, especially in areas where 
well-trained cytologists are lacking. In addition, miRNA detec-
tion may provide an additional option for triage of HPV-positive 
women.
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