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LncRNA-NEF is
downregulated in
postmenopausal osteoporosis
and is related to course of
treatment and recurrence
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Abstract

Objectives: We investigated the role of long non-coding (lnc) RNA-NEF (neighboring enhancer

of FoxA2), a characterized oncogene in cancer biology, in postmenopausal osteoporosis and its

diagnostic and prognostic value in this disease.

Methods: Expression of lncRNA-NEF in plasma was detected by RNA extraction and

real-time quantitative PCR. The diagnostic value of lncRNA-NEF and interleukin (IL)-6 for post-

menopausal osteoporosis was evaluated by receiver operating characteristic curve analysis, with

postmenopausal osteoporosis patients as true positive cases and healthy volunteers as true

negative cases.

Results: We showed that plasma lncRNA-NEF was downregulated and plasma IL-6 was upregu-

lated in postmenopausal osteoporosis patients compared with healthy controls. Altered plasma

levels of lncRNA-NEF and IL-6 separated postmenopausal osteoporosis patients from healthy

controls, and lncRNA-NEF and IL-6 were inversely and significantly correlated in osteoporosis

patients. Patients were divided into high (n¼ 68) and low lncRNA-NEF (n¼ 73) groups according

to Youden’s index. Patients with high lncRNA-NEF levels required a significantly shorter treat-

ment course and had a lower post-treatment recurrence rate.
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Conclusion: We showed that lncRNA-NEF is downregulated in postmenopausal osteoporosis

and is related to course of treatment and recurrence. The involvement of lncRNA-NEF in

postmenopausal osteoporosis is likely related to IL-6.
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Introduction

Menopause following the reduced ovarian
production of estrogen causes persistent
and aggressive loss of structural elements
and bone mineral, which in turn leads to
an increased risk of fracture and loss of
bone strength.1 Postmenopausal osteoporo-
sis is a leading cause of fractures of the
vertebrae, the proximal femur, and the
distal radius.2 Postmenopausal osteoporo-
sis affects more than 50% of women older
than 50 years.3,4 Because of the high prev-
alence rate, postmenopausal osteoporosis is
considered a major public health burden in
many countries, including China.4 Efforts
have been made to improve the diagnosis
and treatment of postmenopausal osteopo-
rosis,5,6 but treatment of this disease is still
challenged by the high recurrence rate.5

In addition to messenger RNAs that
encode proteins, the human genome tran-
scribes a large set of non-coding RNAs
that participate in diverse biological pro-
cesses.7 Long (>200 nt) non-coding (lnc)
RNAs are functional RNAs8 and key play-
ers in human diseases, including postmeno-
pausal osteoporosis.9–11 LncRNA-NEF
(neighboring enhancer of FoxA2) is a
tumor suppressor lncRNA with known
functionality only in liver cancer.12

Interleukin (IL)-6 is involved not only in
inflammatory responses but also in the reg-
ulation of bone mineral density (BMD) and
osteoclast differentiation and activation;13

however, its clinical value in

postmenopausal osteoporosis is unknown.

We showed that lncRNA-NEF may partic-

ipate in postmenopausal osteoporosis and

has diagnostic and prognostic value for

this disease. In addition, lncRNA-NEF

may inhibit IL-6 secretion.

Methods

Patients and specimen collection

A total of 366 patients with postmenopaus-

al osteoporosis were diagnosed and treated

in Affiliated Hospital of Hebei University

from May 2013 to May 2015. The patients

were diagnosed according the diagnostic

criterion established by the World Health

Organization: a decrease in BMD more

than 2.5 standard deviations below that of

young, healthy women. Among these

patients, 141 were enrolled in this study

according to the following inclusion crite-

ria: (1) diagnosed and treated for the first

time; (2) completed treatment in Affiliated

Hospital of Hebei University; and (3) com-

pleted the follow-up study. The exclusion

criteria were as follows: (1) patients received

treatment before admission; (2) patients

had other medical conditions; or (3)

patients failed to complete the whole treat-

ment and follow-up studies. Blood was

extracted from the enrolled patients on the

day of admission to prepare plasma sam-

ples through conventional methods. Blood

was also extracted from 66 healthy

3300 Journal of International Medical Research 47(7)



volunteers (control group) who received

systemic physical examinations in

Affiliated Hospital of Hebei University

during the same time and showed normal

physiological indexes.
This study passed the review of Ethics

Committee of Affiliated Hospital of Hebei

University. All participants were informed

about the experimental details and provided

written informed consent.

Treatment and follow-up

All patients received intramuscular injec-

tions of 40 IU of elcatonin, a calcitonin

derivative, twice per week. The level of

pain (scale of 4 to 0) was assessed and

recorded daily by patients: 4, unbearable

pain and activities are restricted; 3, tolera-

ble pain with obvious limited activities; 2,

obvious pain but activities are not limited;

1, pain is not obvious; 0, no pain. A pain

level of 0 was reached in all patients after

5 weeks of treatment. The duration of treat-

ment ranged from 28 days to 3 months,

depending on BMD measurement; recovery

of BMD to within the normal range was

observed after 3 months of treatment in

all patients. All patients were followed for

3 years with monthly visits to record dis-

ease recurrence.

Cells and cell transfections

Human bone marrow mesenchymal stem

cells (hBMSC, SCC034) were purchased

from Sigma-Aldrich (St. Louis, MO, USA).

A NEF expression vector was constructed

using pcDNA3 vector (Sangon, Shanghai,

China). Lipofectamine 2000 transfection

reagent (Thermo Fisher Scientific,

Waltham, MA, USA) was used to transfect

10 nM NEF expression vector or empty

pcDNA3 vector (negative control, NC)

into 105 hBMSC. Control (C) cells were

not transfected.

ELISA

Levels of IL-6 in plasma and cell culture

medium were detected using the Human

IL-6 Quantikine ELISA Kit (D6050, R&D

Systems, Minneapolis, MN). All procedures

were performed as described in the manu-

facturer’s instructions.

RT-qPCR

The GenElute Total RNA Purification kit

(Sigma-Aldrich) was used to extract total

RNA from plasma. RNA was reverse tran-

scribed into cDNA using the RevertAid RT

Reverse Transcription Kit (Thermo Fisher

Scientific). All PCR reactions were pre-

pared using Luna Universal One-Step

RT-qPCR kit (New England Biolabs,

Ipswich, MA, USA). The PCR thermal

conditions were 1 minute at 95�C followed

by 40 cycles of 18s at 95�C and 40s at

58.5�C. All data normalizations were

assessed using the 2�DDCT method. All

PCR products were sequenced to confirm

that correct products were obtained.

Statistical analysis

Mean values in this paper represent data

from three biological replicates. Diagnostic

values of plasma levels of lncRNA-NEF and

IL-6 for postmenopausal osteoporosis were

evaluated by receiver operating characteris-

tic (ROC) curve analysis, with postmeno-

pausal osteoporosis patients as true positive

cases and healthy volunteers as true negative

cases. Correlation analyses between expres-

sion levels of lncRNA-NEF and IL-6 were

analyzed using Pearson correlation coeffi-

cients. Patients were divided into high

(n¼ 68) and low (n¼ 73) lncRNA-NEF

expression groups according to Youden’s

index, an unpaired t-test was used to com-

pare the two groups. A p-value< 0.05 was

considered statistically significant.
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Results

Patient demographics

A total of 141 women were enrolled in the

postmenopausal osteoporosis group; they

ranged in age from 46 to 65 years, with a

mean of 54.3� 4.4 years. The healthy con-

trol group (n¼ 66) comprised women rang-

ing in age from 46 to 64 years, with a mean

of 54.8� 4.2 years.

Altered expression levels of

lncRNA-NEF and IL-6 were observed

in postmenopausal osteoporosis

patients

Expression of lncRNA-NEF in plasma

was detected. Compared with that of

healthy controls, plasma lncRNA-NEF was

significantly downregulated in patients with

postmenopausal osteoporosis (Figure 1a,

p< 0.05). In contrast, ELISA results

showed that plasma IL-6 was upregulated

in postmenopausal osteoporosis patients

compared with healthy controls (Figure

1b, p< 0.05).

Altered plasma levels of lncRNA-NEF

and IL-6 separated postmenopausal

osteoporosis patients from

healthy controls

The diagnostic value of plasma levels of

lncRNA-NEF and IL-6 for postmenopaus-

al osteoporosis was evaluated by ROC

curve analysis, with postmenopausal osteo-

porosis patients as true positive cases and

healthy volunteers as true negative cases.

For plasma lncRNA-NEF, the area under

the curve was 0.8919 (standard error:

0.02366; 95% confidence interval: 0.8455–

0.9382; p< 0.0001) (Figure 2a). For

plasma IL-6, area under the curve was

0.7743 (standard error: 0.03209; 95% con-

fidence interval: 0.7114–0.8372; p< 0.0001)

(Figure 2b).

LncRNA-NEF and IL-6 were

significantly and inversely correlated

in postmenopausal osteoporosis

patients

Expression levels of lncRNA-NEF and

IL-6 were analyzed using Pearson correla-

tion coefficients. As shown in Figure 3a,

Figure 1. Altered expression levels of lncRNA-NEF and IL-6 were observed in postmenopausal osteo-
porosis patients. LncRNA-NEF (a) was downregulated, and IL-6 (b) was upregulated in plasma of post-
menopausal osteoporosis patients compared with healthy controls (*p< 0.05). lncRNA-NEF, long non-
coding RNA neighboring enhancer of FoxA2; IL-6, interleukin-6.
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a significant and inverse correlation
between plasma levels of lncRNA-NEF
and IL-6 was observed in patients with
postmenopausal osteoporosis (r¼�0.87;
p< 0.0001). LncRNA-NEF and IL-6 were
not correlated in healthy controls
(Figure 3b). In addition, NEF was positive-
ly correlated whereas IL-6 was inversely
correlated with BMD (data not shown).

Low plasma levels of lncRNA-NEF were

correlated with a long treatment course

and high post-treatment recurrence rate

Patients were divided into high (n¼ 68) and

low (n¼ 73) lncRNA-NEF groups accord-

ing to Youden’s index. Compared with that

in the high lncRNA-NEF group, treatment

course in the low lncRNA-NEF group was

Figure 2. Altered plasma levels of lncRNA-NEF and IL-6 separated postmenopausal osteoporosis patients
from healthy controls. ROC curve analysis showed that altered plasma levels of lncRNA-NEF (a) and IL-6
(b) separated postmenopausal osteoporosis patients from healthy controls. lncRNA-NEF, long non-coding
RNA neighboring enhancer of FoxA2; IL-6, interleukin-6; ROC, receiver operating characteristic.

Figure 3. Plasma levels of lncRNA-NEF and IL-6 were significantly and inversely correlated in postmen-
opausal osteoporosis patients but not in healthy controls. Pearson correlation coefficients revealed a sig-
nificant and inverse correlation between plasma levels of lncRNA-NEF and IL-6 in patients with
postmenopausal osteoporosis (a) but not in healthy controls (b). lncRNA-NEF, long non-coding RNA
neighboring enhancer of FoxA2; IL-6, interleukin-6.
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significantly longer (Figure 4a, p< 0.05). In
addition, the post-treatment recurrence rate
was significantly higher in the low lncRNA-
NEF level group than in the high lncRNA-
NEF level group (Figure 4b, p< 0.05).

NEF overexpression in hBMSC was
associated with inhibited secretion
of IL-6 into cell culture medium

At 24 h after transfection and compared
with the two control groups (NC and C),
NEF was significantly upregulated in
hBMSC following transfection of the NEF
expression vector (Figure 5a, p< 0.05). In
addition, IL-6 levels in the medium of NC
and C groups were 5.8� 1.2 and 5.9
� 1.4 pg/mL, respectively, whereas that in
the NEF overexpression group was 2.3
� 0.4 pg/mL, significantly lower than that
of NC and C groups (Figure 5b, p< 0.05).

Discussion

LncRNA-NEF is an oncogenic lncRNA
that participates in liver cancer.12

However, the roles of this lncRNA in
other human diseases have not yet been
reported. The key finding of the current
study was that lncRNA-NEF was

downregulated in postmenopausal osteopo-

rosis, and that this downregulation of

lncRNA-NEF has diagnostic and prognos-

tic value in postmenopausal osteoporosis.

In addition, lncRNA-NEF may interact

with IL-6 to participate in postmenopausal

osteoporosis.
Postmenopausal osteoporosis is charac-

terized by an increased susceptibility to

fractures and decreased bone mass, which

is caused by the reduced production of

estrogen.13 Estrogen prevents bone loss by

regulating the secretion or release of various

cytokines involved in remodeling bone

structure.14 It has been reported that levels

of IL-6 were significantly upregulated in

patients with postmenopausal osteoporosis,

and that the expression levels of IL-6 were

inversely related to lumbar BMD.15

Therefore, inhibition of IL-6 production

may serve as a potential therapeutic target

for postmenopausal osteoporosis.

Consistently, we observed significantly

upregulated plasma levels of IL-6 in post-

menopausal osteoporosis patients com-

pared with healthy controls. In effect,

upregulation of IL-6 effectively distin-

guished postmenopausal osteoporosis

patients from healthy controls, indicating

Figure 4. Low plasma levels of lncRNA-NEF were correlated with a longer treatment course and higher
post-treatment recurrence rate. Compared with the high lncRNA-NEF level group, treatment course was
significantly longer (a) and post-treatment recurrence rate was significantly higher (b) in the low lncRNA-
NEF level group (*p< 0.05). lncRNA-NEF, long non-coding RNA neighboring enhancer of FoxA2.
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the potential of IL-6 in the diagnosis of

postmenopausal osteoporosis.
The development of postmenopausal

osteoporosis is accompanied by changes in

expression patterns of a large set of

lncRNAs.16 Some differentially expressed

lncRNAs, such as lncRNA-DANCR,

show diagnostic potential for postmeno-

pausal osteoporosis.11 LncRNA-NEF is

downregulated in liver cancer.12 We

showed that lncRNA-NEF was also down-

regulated in postmenopausal osteoporosis

patients and that reduced plasma levels of

lncRNA-NEF separated postmenopausal

osteoporosis patients from heathy controls.

In addition, we showed that low plasma

levels of lncRNA-NEF were correlated

with a long treatment course and high

post-treatment recurrence rate. Therefore,

lncRNA-NEF expression levels not only

have diagnostic and prognostic value for

postmenopausal osteoporosis but also can

guide the treatment of this disease.
Interestingly, we found that plasma

levels of lncRNA-NEF and IL-6 were sig-

nificantly and inversely correlated in osteo-

porosis patients but not in healthy controls.

Therefore, lncRNA-NEF may interact

with IL-6 to participate in postmenopausal

osteoporosis. However, the molecular

mechanism of this interaction between

lncRNA-NEF and IL-6 is unknown.

Because of the lack of significant correlation

between plasma levels of lncRNA-NEF and

IL-6 in healthy controls, we speculate that

lncRNA-NEF may interact with IL-6

through pathological mediators.
In conclusion, lncRNA-NEF is downre-

gulated in postmenopausal osteoporosis

and is related to the length of treatment

and rate of recurrence. The involvement of

lncRNA-NEF in postmenopausal osteopo-

rosis is likely related to IL-6.
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Figure 5. Overexpression of NEF in hBSMC led to the inhibited secretion of IL-6 into cell culture medium.
Compared with negative control (NC; empty vector) and control (C; no transfection), NEF was significantly
upregulated in hBMSC 24 h after transfection of NEF expression vector (a). In addition, NEF overexpression
led to inhibited secretion of IL-6 from hBMSC into cell culture medium (b) (*p< 0.05). NEF, neighboring
enhancer of FoxA2; hBMSC, human bone marrow mesenchymal stem cells; IL-6, interleukin-6.
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