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Background. A number of researches focused on the study of tumors have concluded that the expression level of lncRNA NKILA
was decreased in diﬀerent tumors. This is an indication that NKILA might inﬂuence the start and growth of a cancer. In addition,
studies have fatalities and worsening health of cancer patients is associated with a reduced level of NKILA. Results. The results are
the collective screening of nine total studies which included 937 cancer patients. The prognosis of the meta-analysis indicated that
cancer patients with a higher expression of NKILA had an overall longer survival (OS) (HR = 0:808, 95% CI: 0.736, 0.887); with
regard to the clinical prognosis, the results indicated that reduced NKILA was associated with advanced clinical stage
(OR = 0:313, 95% CI: 0.225, 0.434), poor histological grades (OR = 0:833, 95% CI: 0.508, 1.367), positive lymph node metastasis
(OR = 0:253, 95% CI: 0.144, 0.444), and additional tumor invasion depth (OR = 0:326, 95% CI: 0.234, 0.454). Materials and
Methods. Related research conducted was accessed by searching in PubMed and Web of Science with the keywords. The
accessed material was till the 25th of February, 2020. The present quantitative meta-analysis was done using Stata SE12.0. The
aim of the meta-analysis was to investigate the relationship between NKILA expression level and clinical prognosis. Conclusions.
In the result of this meta-analysis, decreased NKILA expression is typical of diﬀerent kinds of cancer. Moreover, it can perform
as a predictive element of prognosis in varied kinds of cancer. Nonetheless, till now, it is deemed essential to carry out largersize as well as better designed research works for the conﬁrmation of our ﬁndings.

1. Introduction
Long noncoding RNAs (lncRNAs) are involved in a number
of physiological and pathological processes. They belong to a
large class of RNAs with a capacity for non-protein-coding.
In other words, they are deﬁned as transcripts with lengths
that are greater than two hundred bases [1]. A majority of
lncRNAs exhibit similar characteristics when exerting biological functions. They achieve this by regulating various
aspects of gene expression [2, 3]. Even though accurate
mechanisms by which lncRNAs function has not been
explained to date, research has indicated that a majority of
the lncRNAs exhibit similar characteristics which are important such as proliferation [4], apoptosis [5], metastasis [6],
metabolism [7], senescence [8], and drug resistance [9]. With
regard to their functioning mechanism, a model which has

been widely proposed is that lncRNAs may be functioning
through discrete modules that decoy, guide, or scaﬀold other
regulatory proteins [1].
Some have the potential to result in prooncogene. Contrastingly, other studies have also introduced low expression
with regard to the performance of functions that suppress
tumors [10–13]. The present study emphasises on the
lncRNA, which is known as NKILA, a NF-κB-induced
lncRNA; in comparison to others, it is a novel form of
lncRNA that maps to chromosome 20q13 [14, 15]. Studies
have documented that it has useful functionality in suppressing the growth of cancer genes in a variety of cancers,
such as esophageal squamous cell carcinoma [16], laryngeal
cancer [17], nasopharyngeal carcinoma [18], rectal cancer
[19], tongue squamous cell carcinoma [20], and colorectal
cancer [21].
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NKILA, whose expression is induced by NF-κB, attaches
to NF-κB/IκB and obscures phosphorylation motifs of IκB;
as a result, the actions of IKK-mediated IκB phosphorylation
and NF-κB are suppressed. Eventually, it assumes the role of
suppressing tumors in various cancers, like esophageal squamous cell carcinoma [16], laryngeal cancer [17], nasopharyngeal carcinoma [18], and hepatocellular carcinoma [22].
Moreover, NKILA-mediated NF-κB activation can be regarded
as a therapeutic molecule since it inhibits EMT and suppresses
the advancement of cancer; this is evident in breast cancer [23],
hepatocellular carcinoma [24], osteosarcoma [25], and nonsmall-cell lung cancer [26]. Meanwhile, it was demonstrated
by Liu and Shi that the role of NKILA in the deterioration of
NSCLC is dependent on the IL-11/STAT3 signalling [27]. In
the meantime, it was also demonstrated that lncRNA was
related to the immune evasion of tumors. In addition, an
investigation by Huang et al. revealed that NKILA preferentially sensitizes antitumor T cells to cell death following activation by tumor antigens [28]. The study demonstrated that
reducing the activity of NKILA intensiﬁes the inﬁltration of
CTL which results in the inhabitation in the expansion and
development of the tumor. As a result, it indicates a potential
methodology for improving the eﬀectiveness of T cells in
adoptive T cell therapy in the treatment of cancers [28].
In order to validate the medical usefulness and eﬀectivity
as a biomarker or therapeutic target, it is vital to study the
relationship of NKILA expression level to any pathological
characteristics. The work done in the present study is aimed
at fulﬁlling an organized review and performing a quantitative meta-analysis to investigate the relationship between
the expression level of NKILA and various forms of cancers
occurring in humans.

2. Results
2.1. Data Selection and Characteristics. The present study
analyses the collective results of nine researches involving
937 cancer patients in total. All participants were accommodated according to the criteria for being suitable participants
for the study. All the research work originated from China.
Two studies emphasised on hepatocellular carcinoma, one
study was related to colorectal cancer, whilst one other
emphasised on rectal cancer, whilst another study was associated with osteosarcoma. Apart from these, the other studies,
respectively, concentrated on laryngeal cancer, non-smallcell lung cancer, tongue squamous cell carcinoma, esophageal
squamous cell carcinoma, and nasopharyngeal carcinoma.
Quantitative reverse transcription polymerase chain reaction
(RT-qPCR) was applied to detect NKILA. Based on these
results, the patients were grouped as having either high NKILA
expression or low NKILA expression. Table 1 lists the summarized characteristics of the studies whilst Figure 1 depicts the
ﬂow chart of the research study and selection.
2.2. Association between NKILA Expression and
Pathological Features
2.2.1. Clinical Stage. A total of 7 researches oﬀered reports in
the relationship between lncRNA NKILA expression and
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clinical stage (III/IV versus I/II). The heterogeneity of the
considered researches was found to be not statistically significant (P > 0:05, I 2 = 0:00%). As a result, the ﬁxed-eﬀects
model was utilized to perform the calculation of the pooled
OR, combined with its 95% CI, which amounted to be signiﬁcantly diﬀerent (OR = 0:313, 95% CI (0.225, 0.4234),
and P ≤ 0:001) (Figure 2, Table 2). This result implied that
a low expression level of NKILA was indeed related with
advanced clinical stage.
2.2.2. Histological Grade. A collection of ﬁve studies reported
the relationship between expression and histological grade. It
was determined that the heterogeneity in the considered studies was not statistically signiﬁcant (P > 0:05, I 2 = 17:30%). As a
result, the random-eﬀects model was utilized to perform the
calculation of the pooled OR, combined with its 95% CI,
which was signiﬁcantly diﬀerent (OR = 0:661, 95% CI
(0.478, 0.914), and P ≤ 0:05) (Figure 3, Table 2). This indicates
that expression was signiﬁcantly distinguished with the histological grade.
2.2.3. Lymph Node Metastasis. A collection of three studies
presented ﬁndings on the relationship between NKILA
expression and lymph node metastasis. The heterogeneity
in the collective results did not appear as statistically signiﬁcant (P > 0:05, I 2 = 0:00%). Consequently, ﬁxed-eﬀects
model was utilized to perform the calculation of the pooled
OR, combined with its 95% CI, which was signiﬁcantly diﬀerent (OR = 0:253, 95% CI (0.144, 0.444), and P ≤ 0:001)
(Figure 4, Table 2). The results imply that the cohort of low
NKILA expression level was susceptible to a heightened risk
of lymph node metastasis in comparison with that of high
NKILA expression level.
2.2.4. Tumor Invasion Depth (T). The collective results of six
studies reported the relationship between NKILA expression
and tumor invasion depth. The heterogeneity analysis in the
collective results did not appear to be statistically signiﬁcant
(P > 0:05, I 2 = 0:00%). As a result, the ﬁxed-eﬀects model
was utilized to perform the calculation of the pooled OR,
combined with its 95% CI; it was determined to be signiﬁcantly diﬀerent (OR = 0:326, 95% CI (0.234, 0.454), and P ≤
0:001) (Figure 5, Table 2). Based on this result, in comparison
with that of high NKILA expression level, the cohort of low
NKILA expression level possessed a heightened risk of deep
tumor attack (T3 stage or above).
2.3. Association between NKILA Expression and Survival in
Diﬀerent Types of Cancers. The collective results of seven
studies involving 767 patients were used to evaluate the eﬀect
of NKILA overexpression on OS in various cancers. Overall
survival characteristics of the included studies are shown in
Table 3.The results suggested that elevated low NKILA
expression projected a deteriorated result for OS with regard
to six forms of cancer (pooled HR = 0:808, 95% CI 0.736,
0.887) with heterogeneity (I 2 = 61:50%, P ≤ 0:05). Moreover,
according to the number of participants in the study, a subgroup analysis was also performed. Evidently, a strong relationship between NKILA low expression and poor OS was

BioMed Research International

3
Table 1: Clinical characteristics of the included studies.

Surname (year)

Country

Cancer type

Sample
size

Cutoﬀ
(high/low)

Detection
method

Clinical
features

Quality
score

References

Fei Tao (2018)
Guodong Zhang
(2019)

China

Rectal cancer

152

76

76

Median

qRT-PCR

C; T; H

7

[19]

China

Osteosarcoma

60

30

30

Median

qRT-PCR

C; L

6

[25]

High Low

65

33

32

Median

qRT-PCR

C; L; H

7

[17]

China
China
China
China

Laryngeal
cancer
NSCLC
TSCC
CRC
ESCC

110
96
173
137

55
44
71
68

55
52
102
69

Median
Mean
Mean
Median

qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR

C; H; T; L
C; H; T
C; H; T
C; H

8
7
6
8

[26]
[20]
[21]
[16]

China

HCC

90

45

45

Median

qRT-PCR

H

7

[24]

China

HCC

54

27

27

Median

qRT-PCR

NA

7

[22]

Tao Yang (2017)

China

Zhiliang Lu (2017)
Wei Huang (2016)
Peng Jiang (2019)
Shun Ke (2018)
Ronggao Chen
(2020)
Xiaolan Yu (2018)

Screening

Identification

NSCLC: non-small-cell lung cancer; TSCC: tongue squamous cell carcinoma; CRC: colorectal cancer; ESCC: esophageal squamous cell carcinoma; HCC:
hepatocellular carcinoma; C: clinical stage; H: histological grade; L: lymph node metastasis; T: tumor invasion depth; NA: not available.

Records identified through
database searching (n = 40):
PubMed (n = 83)
Web of Science (n = 77)

Records after duplicates removed
(n = 30)

Eligibility

Full-text articles assessed
for eligibility
(n = 30)

Full-text articles excluded, with
reasons (n = 21)
Without usable data
Animal or cell studies only
No survival or lymph node analysis

Included

Studies included in
qualitative synthesis
(n = 9)

Studies included in
quantitative synthesis
(meta-analysis)
(n = 9)

Figure 1: Flowchart used for selecting studies for inclusion.

observed in the studies associated with a participant number
of less than 160 (pooled HR = 0:517, 95% CI 0.404, 0.661)
(Figure 6). In comparison with the group of high NKILA

expression, the group of low NKILA expression exhibited a
substantial statistical reduction in OS whilst exhibiting a correlation with the clinically adverse outcomes.
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%
Weight

Study
ID

OR (95% CI)

Fei Tao (2018)

0.39 (0.20, 0.78)

20.33

Guodong Zhang (2019)

0.15 (0.05, 0.47)

11.87

Tao Yang (2017)

0.19 (0.07, 0.55)

12.01

Zhiliang Lu (2017)

0.43 (0.19, 0.93)

14.83

Wei Huang (2016)

0.23 (0.09, 0.55)

16.13

Peng Jiang (2019)

0.37 (0.20, 0.70)

24.83

Overall (I2 = 0.0%, P = 0.528)

0.31 (0.23, 0.43)

100.00

.0488

1

20.5

Figure 2: Forest plot for the association between NKILA expression and clinical stage in human cancers.
Table 2: Meta-analysis results for the association of overexpressed NKILA with clinicopathological parameters.
Clinicopathological parameters
Clinical stage (III/IV vs. I/II)
Histological grade
(poorly/others vs. well/moderately)
Lymph node metastasis (+ vs. -)
Tumor invasion depth (T3/T4 vs. T1/T2)

Studies (n) Numbers of patients

OR (95% CI)

P value

I2

Heterogeneity
pH
Model

6

652

0.313 (0.225, 0.434) ≤0.001

0.00% >0.05 Fixed eﬀects

5

658

0.661 (0.478, 0.914)

≤0.05

17.30% >0.05 Fixed eﬀects

3
5

231
664

0.253 (0.144, 0.444) ≤0.001
0.326 (0.234, 0.454) ≤0.001

0.00% >0.05 Fixed eﬀects
0.00% >0.05 Fixed eﬀects

2.3.1. Assessment of Publication Bias. In order to assess the
publication partiality in the current study, a performance
of Begg’s funnel plot was completed. Following its implementation, there was no notable evidence observed in the
publication partiality during the analysis of the clinical
stage (P = 0:017), histological grade (P = 0:183), lymph
node metastasis (P = 0:234), and also the tumor invasion
depth (P = 0:221).

3. Conclusion
In the result of this meta-analysis, decreased NKILA expression is typical of diﬀerent kinds of cancer. Moreover, it can
perform as a predictive element of prognosis in varied kinds
of cancer. Nonetheless, till now, it is deemed essential to carry
out larger-size as well as better designed research works for
the conﬁrmation of our ﬁndings.

4. Discussion
Over the recent years, the increased regulation of lncRNAs is
performed in various cancers occurring in humans. Apart
from its relation with the progression of the disease, lncRNAs
such as lncRNA HOTAIR [29] are eﬀective in serving as
molecular scaﬀolds, delivering particular regulatory proteins
within proximity of each other. Thus, it is able to function as
a distinctly complex structure. It will then have a vital role in
the development and progression of a tumor. By regulating
the transcription of CDKN1A epigenetically in the nucleus,
lncRNA SNHG1 [2] is likely to promote malignancy of cholangiocarcinoma. Thus, it facilitates the survival and metastasis
of the cells related to cholangiocarcinoma. Generally, these
expressed lncRNAs and are expected to occur as molecular biomarkers. They are useful in developing therapeutic methods
which would be eﬀective in the diagnosis and treatment as well
as prognosis in various cancers occurring in humans.
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Study
ID

OR (95% CI)

Fei Tao (2018)

0.75 (0.38, 1.46)

22.04

Zhiliang Lu (2017)

1.08 (0.49, 2.39)

13.14

Peng Jiang (2019)

0.38 (0.20, 0.71)

35.43

Shun Ke (2018)

0.79 (0.36, 1.77)

14.88

Ronggao Chen (2020)

0.69 (0.30, 1.61)

14.51

Overall (I2 = 17.3%, P = 0.304)

0.66 (0.48, 0.91)

100.00

.203

1

%
Weight

4.92

Figure 3: Forest plot for the association between NKILA expression and histological grade in human cancers.

Study

%

ID

OR (95% CI)

Weight

Guodong Zhang (2019)

0.25 (0.08, 0.73)

27.30

Tao Yang (2017)

0.20 (0.06, 0.64)

23.03

Zhiliang Lu (2017)

0.29 (0.13, 0.64)

49.67

Overall (I2 = 0.0%, P = 0.871)

0.25 (0.14, 0.44)

100.00

.0609

1

16.4

Figure 4: Forest plot for the association between NKILA expression and lymph node metastasis in human cancers.

The aim of the present meta-analysis was to investigate
the relationship between NKILA expression level and pathological attributes in human cancers. A total of 937 patients
studied under nine distinct researches were implicated in
the end. Based on the algorithmic meta-analysis, the results
obtained from the present study indicate that cancer patients
with a low level of NKILA expression have shorter OS. In
addition, with regard to the clinical prognosis, the results
indicated that the group associated with low NKILA expres-

sion level had a heightened risk of advanced clinical stage,
poor histological grades, positive lymph node metastasis,
and extended tumor invasion depth.
However, the present study had a few considerable limitations which are listed below:
(1) There was a geographical limitation since all patients
involved in the study were from China. This excludes
patients from diﬀerent nationalities
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OR (95% CI)

%
Weight

Fei Tao (2018)

0.33 (0.17, 0.65)

24.05

Zhiliang Lu (2017)

0.27 (0.10, 0.75)

12.15

Wei Huang (2016)

0.24 (0.10, 0.59)

16.62

Peng Jiang (2019)

0.49 (0.26, 0.90)

22.81

Shun Ke (2018)

0.26 (0.13, 0.52)

24.36

Overall (I2 = 0.0%, P = 0.629)

0.33 (0.23, 0.45)

100.00

Study
ID

.0968

1

10.3

Figure 5: Forest plot for the association between NKILA expression and tumor invasion depth in human cancers.

(2) The number of participating patients was limited
since only a small number was considered for each
research. In addition, only a few types of cancer
were investigated
(3) There was no observed consensus on the cutoﬀ
approximated which is needed to distinguish between
high and low NKILA expression levels
(4) There was a lack of cohort research which satisﬁed
the inclusion criteria. A combination of an increased
sample-size and improved quality in research will
further guarantee the results obtained in this study
In summary, a higher expression level of lncRNA NKILA
exhibited a close relationship with poorly distinguished
grade, deep tumor invasion, and lymph node metastasis. This
suggested that it had the capacity to serve as a biomarker of
poor prognosis for cancer patients.

5.2. Inclusion and Exclusion Criteria. The literature related to
the present study was required to be in accordance with the
inclusion criteria listed below:
(1) Stated expression levels of NKILA, as ﬁgured out with
the help of RT-qPCR
(2) Provided the decision
(3) Classiﬁed cancer patients according to two groups,
high and low expression groups with the use of
detailed criteria for NKILA expression levels
(4) Reported ﬁndings with regard to the clinicopathological attributes of the patients; at least one of the following pathological attributes should have been
reported: histological grade, tumor invasion depth,
lymph node metastasis, clinical stage, and distant
metastasis
(5) It should be a case-control or cohort study

5. Materials and Methods
5.1. Literature Search Strategies. Two scholars independently
identiﬁed the related literature. This was achieved using
PubMed and Web of Science. The goal was to source studies
related to investigating the relationship between NKILA
expression level and pathological characteristics in cancer
patients. A mix of keywords (“NKILA”, “cancer or carcinoma or carcinoma or tumor or neoplasm”) was used in
the literature search strategy. This was combined with the
detection of relevant research work that supplemented the
obtained literature.

If the sourced literature for the present study had at least
one of the features of the exclusion criteria, it was deemed to
be unﬁt for the purpose of this study:
(1) Researches that were recurring or ones that used
patients stated in prior studies
(2) Failure to adequately account for the data
(3) Utilized nonhuman species in the experiments
(4) Reﬂections, letters,
commentaries

unpublished

data,

and
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Table 3: Overall survival characteristics of the included studies.

Surname (year)

Country

Cancer type

Tao Yang (2018)

China

Laryngeal cancer

Wei Huang (2016)

China

TSCC

Fei Tao (2018)

China

Rectal cancer

Peng Jiang (2019)

China

CRC

Xiaolan Yu (2018)

China

HCC

Shun Ke (2018)

China

ESCC

Ronggao Chen (2019)

China

HCC

Survival analysis
Univariate
Multivariate
Univariate
Multivariate
Univariate
Multivariate
Univariate
Multivariate
NA
Univariate
Multivariate
Univariate
Multivariate

Follow-up
Outcome
months

HR statistic

Hazard ratios (95% CI)

Data in paper

0.389 (0.152, 0.993)

60

OS

Data in paper

0.476 (0.236, 0.975)

80

OS, DFS

Data in paper

0.540 (0.350, 0.830)

96

OS

Data in paper

0.870 (0.787, 0.962)

72

OS, DFS

Survival curves

0.550 (0.180, 1.670)

60

OS

Data in paper

0.590 (0.360, 0.950)

100

OS, DFS

Data in paper

0.454 (0.251, 0.822)

NA

OS

TSCC: tongue squamous cell carcinoma; CRC: colorectal cancer; HCC: hepatocellular carcinoma; ESCC: esophageal squamous cell carcinoma; NPC:
nasopharyngeal carcinoma; Univariate: univariate analysis; Multivariate: multivariate analysis; NA: not available; OS: overall survival; DFS: disease-free
survival.

Study
ID

ES (95% CI)

%
Weight

Tao Yang (2018)

0.39 (0.15, 0.99)

0.98

< 160

Wei Huang (2016)

0.48 (0.24, 0.97)

1.72

Fei Tao (2018)

0.54 (0.35, 0.83)

4.64

Xiaolan Yu (2018)

0.55 (0.18, 1.67)

0.70

Shun Ke (2018)

0.59 (0.36, 0.95)

3.67

Ronggao Chen (2019)

0.45 (0.25, 0.82)

2.46

Subtotal (I2 = 0.0%, P = 0.968)

0.52 (0.40, 0.66)

14.17

Peng Jiang (2019)

0.87 (0.79, 0.96)

85.83

Subtotal (I = .%, P =.)

0.87 (0.79, 0.96)

85.83

0.81 (0.74, 0.89)

100.00

≥160

2

Heterogeneity between groups: P = 0.000
Overall (I2 = 61.5%, P = 0.016)

.152

1

6.58

Figure 6: Meta-analysis for the pooled HRs of OS in patients with various cancers.

(5) Reports compiled in languages that were not English
The quality of the research was evaluated by two scholars;
they studied the title, abstract, and the overall content of each
report that referred to the inclusion as well as exclusion criteria.
5.3. Literature Screening and Data Extraction. The data was
independently collected by two investigators (Siyuan Tian

and Yang Yu). All instances of collected data were in accordance with both the inclusion and exclusion criteria. Any differences were resolved through consensus or discussion with
a third investigator (Honghua Huang) before the commencement of analysing the collected data. Data derivation of literature was as follows: ﬁrst author, publication year, country of
origin, kind of cancer, total number of patients, number of
patients assigned to both high and low NKILA expression
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groups, the identiﬁcation approach, and the cutoﬀ approximations for NKILA expression levels.
5.4. Quality Assessment. Quality assessment of the considered researches was performed using the Newcastle-Ottawa
Scale standard; the scores were as follows: including selection (4 points), comparability (2 points), and outcome (3
points). The score was in the range of 0 to 9. Independent
evaluation of each article was performed by 2 investigators
(Siyuan Tian and Yang Yu); the diﬀerences were resolved
through consensus or through discussion with a third investigator (Honghua Huang). Each entitled research work was
scored in Table 1; a higher score was indicative of an
enhanced methodological quality.
5.5. Statistical Analysis. Cochran’s and chi-squared-based Q
and I 2 tests were utilized in order to determine the heterogeneity amongst the considered researches. The performance of
the homogeneity test was completed for a signiﬁcance level of
α = 0:1. P values < 0.1 were considered signiﬁcant, and I 2
values > 50% represented the heterogeneity amongst the
researches. The ﬁxed-eﬀects model was utilized for analysing
the homogenous data. On the other hand, the random-eﬀects
model was utilized for analysing the heterogeneous data. Statistical analysis was carried out with the use of Stata SE 12.0
(Stata Corp LP, College Station, Texas, USA); these were also
utilized for the assessment of publication partiality.
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