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Background: Long noncoding RNAs (IncRNA) NF-kf-interacting long noncoding RNA (NKILA) is downregulated in various types
of cancers, while its involvement in other diseases is unknown. In the present study we found that plasma
IncRNA NKILA was expressed at higher levels in active ankylosing spondylitis patients than in healthy controls.
Material/Methods: According to Youden’s index, active disease patients were divided into high and low IncRNA NKILA groups.
Results: Patients in the high IncRNA NKILA level group had significantly longer length of treatment and higher re-hos-
pitalization rate at 3 years after discharge. Plasma levels of TGF-$1 were also higher in active ankylosing spon-
dylitis patients than in healthy controls. Levels of plasma IncRNA NKILA and TGF-B1 were significantly and pos-
itively correlated in ankylosing spondylitis patients but not in healthy controls.
Conclusions: Overexpression of IncRNA NKILA in ankylosing spondylitis is correlated with active disease and predicts length
of treatment. LncRNA NKILA may participate in ankylosing spondylitis through the interaction with TGF-B1,
which is a key player in this disease.
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Material and Methods

As a type of medical condition characterized by pathological
osteogenesis and systemic inflammation, ankylosing spondy-
litis is a chronic autoimmune disease that mainly affects liga-
ments, tendon attachment points, and the axial skeleton [1,2].
The continuous development and progression of ankylosing
spondylitis will eventually lead to spinal fusion and ligamen-
tous ossifications, imposing heavy economic and psycholog-
ical burdens on patients and their families [3]. In spite of the
efforts made in the treatment of ankylosing spondylitis, out-
comes are still poor in many patients [4,5]. Ankylosing spon-
dylitis patients are also at high risk of other diseases, such as
cardiovascular disease [6,7]. Therefore, improving the treat-
ment of this disease is still a focus in this field.

It has been well established that the pathogenesis of inflam-
mation contributes to the progression of ankylosing spondy-
litis [8]. The involvement of certain cytokines has also been
proven [9, 10]. One of these cytokines is transforming growth
factor-B (TGF-B), whose signaling plays pivotal roles [8]. TGF-B
as a cytokine has dual roles in inflammatory responses by both
suppressing inflammatory cytokines and augmenting inflam-
mation [11]. It has been reported that TGF-B1 is upregulated
in ankylosing spondylitis [12], and the reduction of TGF-p1
level reflects the recovery from the disease [13]. Long non-
coding RNAs (IncRNA) NF-kB-interacting long noncoding RNA
(NKILA) is a well-established tumor-suppression IncRNA in var-
ious types of cancers [14,15]. LncRNA NKILA suppresses can-
cer cell migration and invasion by inhibiting downstream on-
cogenic pathways [14,15]. In the present study, we found that
IncRNA NKILA participates in ankylosing spondylitis, possibly
by interacting with TGF-B1, and is correlated with active dis-
ease and predicts length of treatment.

Table 1. Basic information of 3 groups of patients.

Ankylosing spondylitis patients
(active)

Mean age (years) 30.6+4.2

Ankylosing spondylitis patients

Human specimens and cell lines

Fating blood (5 ml) was extracted from 80 patients with an-
kylosing spondylitis and 56 healthy controls before treat-
ment. Those participants were admitted by the First People’s
Hospital of Yunnan Province from January 2012 to January
2014. Inclusion criteria were: 1) patients diagnosed for the
first time; 2) patients with complete medical records; and
3) patients willing to participate. Exclusion criteria were:
1) patients with other diseases, and 2) patients who failed to
cooperate with researchers. The Bath Ankylosing Spondylitis
Disease Activity Index (BASDAI) was used to measure disease
activity. The 170 patients were divided into an active disease
group (n=94, BASDAI »4) and an inactive disease group (n=76,
BASDAI <4). The active disease group include 54 males and
40 females, ages 22—-43 years, and mean age 30.6+4.2 years.
The inactive disease group include 40 males and 36 females,
ages 23-45 years, and mean age 31.4+4.7 years. The control
group include 31 males and 25 females, ages 23-45 years,
and mean age 29.9+4.5 years (Table 1). The 3 groups showed
similar age and sex distributions. This study was approved by
the Ethics Committee of the First People’s Hospital of Yunnan
Province. All participants signed an informed consent form.

Follow-up

All patients received standard treatment and were fully com-
pliant. All patients were followed up for 3 years by outpatient
visit after discharge to record re-hospitalization conditions.

Real-time quantitative PCR (RT-qPCR)

The Total RNA Purification Kit (Cat. no. 17200, Norgen Biotek)
was used to extract total RNA from plasma of the 3 groups of
participants. RNA quality was checked by urea PAGE gel electro-
phoresis. Synthesis of cDNA was performed using High-Capacity
cDNA Reverse Transcription Kit (Thermo Fisher Scientific).

Healthy

(inactive) controls

31.4+4.7 29.9+4.5
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Figure 1. Plasma [IncRNA NKILA was
overexpressed in active ankylosing
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We used the Invitrogen SuperScript® Il Platinum® SYBR®
Green One-Step gRT-PCR Kit to prepare all PCR reaction sys-
tems. Primers of IncRNA NKILA and endogenous control GAPDH
were designed and synthesized by Sangon (Shanghai, China).
Primer sequences were: 5’-TGGATTGTTGGGTATATTTTGGA-3’
(forward) and 5’-TGTATGAAGAGGATGCTGAAGGC-3’ (reverse)
for IncRNA NKILA; 5’-CCTCGTCTCATAGACAAGATGGT-3’ (for-
ward) and 5’-GGGTAGAGTCATACTGGAACATG-3’ (reverse) for
GAPDH. PCR reactions were performed under the following
conditions: 95°C for 1 min, and then of 95°C for 15 s and
56.5°C for 28 s for 40 cycles. Expression of IncRNA NKILA was
normalized to GAPDH by 224" method. The sample with the
lowest ACT value was set to “1”, and all other samples were
normalzied to this sample.

Enzyme-linked immunosorbent assay (ELISA)

We used the LEGEND MAX Free Active TGF-betal ELISA Kit
(Biolegend, San Diego, CA) to measure plasma levels of TGF-$1.
All operations were performed in strict accordance with man-
ufacturer’s instructions. Plasma levels of TGF-B1 were nor-
malized to ng/ml.

Statistical analysis

Sample sizes met the requirement of statistical power of the
experiments. All experiments were repeated 3 times and data
are expressed as mean + standard deviation. All statistical
analyses were performed using GraphPad Prism 6 software.
Pearson’s correlation coefficient analysis was performed to an-
alyze the correlations between plasma levels of IncRNA NKILA
and TGF-B1. The unpaired t test was used for comparisons be-
tween 2 groups. Comparison of re-hospitalization rate was
performed by chi-square test. One-way ANOVA followed by
Tukey test was used for comparisons among multiple groups.
Differences were statistically significant at p<0.05.

group and inactive disease group
showed very close plasma levels of
[NcRNA NKILA (* p<0.05).

Results

Plasma IncRNA NKILA was expressed at higher levels in
active ankylosing spondylitis patients than in healthy
controls

Results of RT-qgPCR showed that, compared with the control
group and inactive disease group, plasma levels of IncRNA
NKILA were significantly higher in the active disease group
(p<0.05) (Figure 1). Although slightly higher plasma levels of
IncRNA NKILA were observed in the inactive disease group
than in the healthy control group, the difference was not sig-
nificant (p<0.05) (Figure 1).

High plasma IncRNA NKILA level predict long treatment
course and high re-hospitalization rate

According to Youden’s index (an optimal cut-point determina-
tion method), active disease patients were divided into high
(n=48) and low (n=46) IncRNA NKILA level groups (cutoff value
was 4.53). Compared with the low IncRNA NKILA level group,
patients in the high IncRNA NKILA level group showed signifi-
cantly longer treatment course (Figure 2A, p<0.05). The 3-year
follow-up data showed that a total of 39 patients were re-
hospitalized during this time period. There were 29 cases in
the high IncRNA NKILA level group, accounting for 60.4%, and
10 cases in the low IncRNA NKILA level group, accounting for
21.7%. Therefore, the re-hospitalization rate was significantly
higher in the high IncRNA NKILA group than in the low IncRNA
NKILA group (Figure 2B, p<0.05).

Plasma levels of active TGF-1 were higher in the active
disease group than in the inactive disease group and
healthy controls

Results of ELISA showed that, compared with the control group
and inactive disease group, plasma levels of active TGF-B1 were
significantly higher in the active disease group (p<0.05) (Figure 3).
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Figure 2. High plasma IncRNA NKILA level predicts long treatment course and high re-hospitalization rate. Treatment course (months)
data are presented by 5 lines, from lower to upper: minimum, lower 25%, median, upper 25%, and maximum. The treatment
course of patients in the high plasma IncRNA NKILA level group was significantly longer than that of the low IncRNA NKILA
level group (A). Comparisons of hospitalization rate between 2 groups were performed by chi-square test. A higher re-
hospitalization rate was observed in the high plasma IncRNA NKILA level group than in the low plasma IncRNA NKILA level

group (B) (* p<0.05).

Figure 3. Plasma levels of active TGF-f1 were

159 higher in active ankylosing spondylitis
E * patients than in healthy controls.
£ x Plasma levels of active TGF-f1 were
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s expressed by 5 lines, from lower to
2 an® a upper: minimum, lower 25%, median,
% > ..'o':."' = v upper 25%, and maximum. Compared
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(n=94) (n=76) (n=56) the active disease group. In addition,

the control group and inactive disease

Although slightly higher plasma levels of active TGF-B1 were
observed in the inactive disease group than in the healthy con-
trol group, the difference was not significant (p<0.05) (Figure 3).

Levels of plasma IncRNA NKILA and TGF-1 were
significantly and positively correlated in active ankylosing
spondylitis patients

Pearson’s correlation coefficient analysis was performed to an-
alyze the correlations between plasma levels of IncRNA NKILA
and TGF-B1. As shown in Figure 4A, levels of plasma IncRNA
NKILA and TGF-B1 were significantly and positively correlated
in the active disease group (Fig.4A). In contrast, the correla-
tion between levels of plasma IncRNA NKILA and TGF-B1 was
not significant in the inactive disease group (Figure 4B) and
control group (Figure 4C).

Discussion

LncRNA NKILA has been characterized as a tumor-suppression
IncRNA in various types of cancers [14,15]. The key finding of

group showed very close plasma levels
of active TGF-B1 (* p<0.05).

the present study is that IncRNA NKILA is overexpressed in ac-
tive ankylosing spondylitis and is correlated with active dis-
ease, and it predicts length of treatment. Expression of IncRNA
NKILA is positively correlated with TGF-B1 in active ankylos-
ing spondylitis.

The development and progression of ankylosing spondylitis is
accompanied by changes in expression patterns of a large set
of IncRNAs [16], indicating the involvement of IncRNAs in this
disease. Our preliminary microarray data showed that IncRNA
NKILA, which was usually downregulated in cancer patients,
is upregulated in plasma specimens of patients with ankylos-
ing spondylitis (data not shown). In the present study, we found
that IncRNA NKILA was upregulated in patients with active an-
kylosing spondylitis but not in patients with inactive ankylosing
spondylitis. Therefore, the upregulation of IncRNA NKILA may
be used as an indicator of the activity of ankylosing spondylitis.

Treatment course of ankylosing spondylitis is generally
long [17,18]. Shortening the treatment procedure is critical to
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Figure 4. Levels of plasma IncRNA NKILA and TGF-B1 were significantly and positively correlated in active ankylosing spondylitis
patients. Correlation analysis was performed by Pearson’ correlation coefficient. A significant and positive correlation
between levels of plasma IncRNA NKILA and TGF-1 was observed in the active disease group (A) but not in the inactive

disease group (B) and control group (C).

reduce the economic and psychological burdens on patients and
their families. Our study showed that the high plasma levels
of IncRNA NKILA were significantly correlated with prolonged
treatment course. Therefore, IncRNA NKILA may serve as an
indicator of the length of treatment course or even as a treat-
ment target. Re-hospitalization is common in many patients
with ankylosing spondylitis [19]. In a recently study, a IncRNA
named TUG1 was proven to be significantly correlated with
re-hospitalization rate of patients with ankylosing spondylitis.
In the present study, we showed that the higher IncRNA NKILA
levels were also correlated with the increased re-hospitaliza-
tion of ankylosing spondylitis after discharge.

TGF-B is a cytokine that plays pivotal roles in the development
and progression of ankylosing spondylitis [12]. Expression lev-
els of TGF-B1 are positively correlated with the activity of dis-
ease [12]. Consistent with previous studies, plasma levels of
TGF-B1 in the present study were also found to be significantly
higher in active ankylosing spondylitis patients, but not in in-
active ankylosing spondylitis patients, than in healthy controls.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

It is known that TGF-B1 can interact with IncRNAs to achieve
its biological roles [20]. In the present study, we showed that
levels of plasma IncRNA NKILA and TGF-B1 were significantly
and positively correlated only in ankylosing spondylitis patients.
Further studies using animal models are needed to assess the
potential interactions between IncRNA NKILA and TGF-B1.

Conclusions

IncRNA NKILA overexpression is correlated with active disease
and predicts length of treatment of ankylosing spondylitis.
IncRNA NKILA can interact with TGF-B1 in ankylosing spondy-

litis patients. Our study s

uggests that IncRNA NKILA is a po-

tential biomarker for the treatment of ankylosing spondylitis.

Conflict of interests

None.

4248

Indexed in:

[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]



Gai X. et al.:
Role of IncRNA NKILA in ankylosing spondylitis
© Med Sci Monit, 2019; 25: 4244-4249

References:

—

w N

S

S}

[=2)

~

o

o

10.

. Taurog JD, Chhabra A, Colbert RA: Ankylosing spondylitis and axial spon-

dyloarthritis. N Engl ) Med, 2016; 374: 2563-74

. Braun J, Sieper J: Ankylosing spondylitis. Lancet, 2007; 369: 1379-90
. Rashid T, Ebringer A: Ankylosing spondylitis is linked to Klebsiella - the ev-

idence. Clin Rheumatol, 2007; 26: 858—64

. Ruwaard J, '’Ami M J, Marsman AF et al: Comparison of drug survival and

clinical outcome in patients with ankylosing spondylitis treated with etan-
ercept or adalimumab. Scand J Rheumatol, 2018; 47(2): 122-26

. Sieper J, Listing J, Poddubnyy D et al: Effect of continuous versus on-de-

mand treatment of ankylosing spondylitis with diclofenac over 2 years on
radiographic progression of the spine: Results from a randomised multi-
centre trial (ENRADAS). Ann Rheum Dis, 2016; 75(8): 1438-43

. Eriksson J K, Jacobsson L, Bengtsson K et al: Is ankylosing spondylitis a risk

factor for cardiovascular disease, and how do these risks compare with
those in rheumatoid arthritis? Ann Rheum Dis, 2017; 76(2): 364-70

. Essers |, Stolwijk C, Boonen A et al: Ankylosing spondylitis and risk of isch-

aemic heart disease: A population-based cohort study. Ann Rheum Dis,
2016; 75(1): 203-9

. Blobe GC, Schiemann WP, Lodish HF: Role of transforming growth factor

in human disease. N Engl ) Med, 2000; 342(18): 1350-58

. Appel H, Maier R, Bleil J et al: /n situ analysis of interleukin-23- and inter-

leukin-12-positive cells in the spine of patients with ankylosing spondyli-
tis. Arthritis Rheum, 2013; 65: 1522-29

Appel H, Maier R, Wu P et al: Analysis of IL-17(+) cells in facet joints of pa-
tients with spondyloarthritis suggests that the innate immune pathway
might be of greater relevance than the Th17-mediated adaptive immune
response. Arthritis Res Ther, 2011; 13: R95

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

LAB/IN VITRO RESEARCH

Wahl SM, McCartney-Francis N, Mergenhagen SE: Inflammatory and immu-
nomodulatory roles of TGF-B. Immunol Today, 1989; 10(8): 258-61

Vaez F, Farazmand A, Shaaheen S et al: Upregulation of transforming growth
factor-B1 gene in ankylosing spondylitis patients. Rheumatology Research,
2017; 2(3): 103-7

Shehata M, Schwarzmeier JD, Hilgarth M et al: Effect of combined spa-exer-
cise therapy on circulating TGF-B1 levels in patients with ankylosing spon-
dylitis. Wien Klin Wochenschr, 2006; 118(9-10): 266-72

Bian D, Gao C, Bao K et al: The long non-coding RNA NKILA inhibits the in-
vasion-metastasis cascade of malignant melanoma via the regulation of
NF-xB. Am J Cancer Res, 2017; 7(1): 28-40

Huang W, Cui X, Chen J et al: Long non-coding RNA NKILA inhibits migra-
tion and invasion of tongue squamous cell carcinoma cells via suppress-
ing epithelial-mesenchymal transition. Oncotarget, 2016; 7(38): 62520-32

Zhang C, Wang C, Jia Z et al: Differentially expressed mRNAs, IncRNAs, and
miRNAs with associated co-expression and ceRNA networks in ankylosing
spondylitis. Oncotarget, 2017; 8(69): 113543-57

Sieper J, Braun J, Rudwaleit M et al: Ankylosing spondylitis: An overview.
Ann Rheum Dis, 2002; 61(Suppl. 3): iii8-18
Braun J, Brandt J, Listing J et al: Treatment of active ankylosing spondylitis

with infliximab: A randomised controlled multicentre trial. Lancet, 2002;
359(9313): 1187-93

Lan X, Ma H, Zhang Z et al: Downregulation of IncRNA TUG1 is involved
in ankylosing spondylitis and is related to disease activity and course of
treatment. Biosci Trends, 2018; 12(4): 389-94

Yang W, Li X, Qi S et al: IncRNA H19 is involved in TGF-B1-induced epithe-
lial to mesenchymal transition in bovine epithelial cells through PI3K/AKT
signaling pathway. Peer J, 2017; 5: e3950

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



