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Abstract
Background and objective: Krüppel-like factor 8 (KLF8), a transcription factor, belongs to the KLF8 family. Currently, studies
have shown that KLF8 is highly expressed in some tumors. However, the prognostic value and metastasis of KLF8 in cancers remain
unclear. For the first time, we conducted meta-analysis to explore the relationship between KLF8 expression with prognosis and
metastasis in various carcinomas patients.

Methods: Web of Science, PubMed, Embase, and Cochrane Library were systematically searched for eligible articles. Pooled
hazard ratios (HRs) and their 95% confidence intervals (95% CIs) were calculated to evaluate the prognostic value and metastasis of
KLF8 expression in human cancer patients.

Results: The result revealed that highly expression level of KLF8 was significantly associated with poor overall survival (OS) (HR=
1.56, 95% CI: 1.26–1.87). Meanwhile, this significant correlation was also observed in subgroup analysis stratified by cancer types,
source of HR, sample size, follow-up (months). In addition, highly expression of KLF8 was also closely associated with metastasis
(HR=1.37, 95% CI: 0.57–2.17) and tumor node metastasis stage (HR=1.58, 95% CI: 0.90–2.25) in carcinomas.

Conclusion: In summary, our meta-analysis indicates that overexpression of KLF8 may be associated with poor prognosis and
higher incidence of metastasis in various carcinomas, and KLF8 may be used as a prognostic and metastatic indicator in human
cancers.

Abbreviations: CSS = cancer-specific survival, FAK = focal adhesion kinase, GC = gastric cancer, HCC = hepatocellular
carcinoma, HR = hazard ratio, IHC = immunohistochemistry, KLF8 = Krüppel-like factor 8, LAC = lung adenocarcinoma, NA = not
available, NOS=Newcastle-Ottawa Scale, NSCLC= non-small cell lung cancer, OS= overall survival, PC= pancreatic cancer, SC=
survival curve, TNM = tumor node metastasis, TTR = time to recurrence, WB = western blotting.
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1. Introduction

The malignancy is one of the biggest culprits affecting human
health, its high incidence and high mortality have posed a
significant threat to the health of all humanity,[1] and themorbidity
andmortality have been increasing year by year. Tumormetastasis
is oneof themost prominent biological characteristics ofmalignant
tumors, and is the main cause of death in cancer patients. In recent
decades, great progress has been made in the diagnosis of cancer
and new treatment methods. However, the prognosis of many
cancers is still not very satisfactory.[2] Therefore, the identification
of new tumor biomarkers is crucial for diagnosis, treatment, and
prognosis of cancers.
As a member of the Krüppel-like factor (KLF) transcription

factor family, KLF8 consists of 359 amino acids. It was originally
isolated from leukemia cell lines and is too lowly expressed to
detect inmost normal cells and tissues.[3] Like othermembers of the
KLF family, KLF8 contains 3 conserved C2H2 zinc finger DNA-
binding domains at its C-terminus, but has unique sequences in the
N-terminal domain that determine its functional specificity
through the recruitment of proteins.[4,5] KLF8 is originally
identified as a broad transcriptional repressor.[6] Some studies
have shown that KLF8 plays an important role in cell prolifera-
tion,[3] differentiation, tumor metastasis, and epithelial-to-mesen-
chymal transition (EMT)process.[7,8] In addition, it is also reported
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that KLF8 is highly expressed in various cancers, such as gastric
cancer,[9] lung cancer,[10] pancreatic cancer,[11] breast cancer,[12]

colorectal cancer, and liver cancer,[7,13] and high level of KLF8 is
associated with prognosis.[7,10]

So far, systematic meta-analysis has not been found to
elucidate the relationship between KLF8 and the prognosis
and metastasis of human cancers. Many studies only assess the
role of KLF8 in tumor prognosis or metastasis. Here, we first
conducted a systematic meta-analysis to assess the prognostic
value and metastasis of KLF8 in tumors to further confirm
whether KLF8 can be a reliable cancer biomarker.
2. Materials and methods

2.1. Ethics committee and institutional review board

This is a meta-analysis. Ethical approval was not necessary.
2.2. Literature search strategy

This systematic meta-analysis was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines.[14] Potentially qualified studies were com-
prehensively searched by 2 independently authors (J.L. and Y.D.)
in multiple electronic databases, Web of Science, PubMed,
Embase, and Cochrane Library. The following search terms and
their possible combinations were used: (“KLF8” or “Krüppel-
Like Factor 8”) and (“prognosis” or “outcome” or “survival” or
“mortality” or “recurrence” or “progression” or “metastasis”)
and (“cancer” or “tumor” or “carcinoma” or “neoplasm”).
References language in relevant articles was limited to English
and the search ended on July 2018. Additionally, we also
screened the references for articles to ensure that additional
relevant articles were not missed.

2.3. Inclusion and exclusion criteria

All eligible studies had to meet the following criteria: the studies
evaluated the correlation between KLF8 expression and the
prognosis of cancer patients; the levels of KLF8 expression were
detected by immunohistochemistry (IHC) or Western blotting
(WB); the studies reported clinicopathological features and
survival data, such as overall survival (OS) or cancer-specific
survival (CSS); the studies have definite cut-off value to classify
KLF8 expression as “positive” and “negative” or “high” and
“low”; the studies provided hazard ratios (HRs) with 95%
confidence intervals (CIs) directly orKaplan–Meier survival curves
at different KLF8 expression level; the studies published in English.
The exclusion criteria were as follows: duplicated studies; lack

of sufficient data; the studies only studied the structure and
functions of KLF8; review articles, case reports, animal studies,
letters, and non-English papers.
2.4. Data extraction and quality assessment

Two reviewers (J.L. and Y.D.) independently summarized and
extracted data from every eligible study in accordance with the
inclusion and exclusion criteria. Any disagreements were
discussed by the 2 investigators. The following information
was obtained from the qualified studies: first author’s name, year
of publication, country, tumor type, sample size, disease stage,
treatment method, detection method, outcome, follow-up
duration, KLF8 level (high level and low level), cut-off value
2

of KLF8, HR estimate, score of KLF8 assessment. When survival
information was provided only with the Kaplan–Meier curves in
some studies, the GetData Graph Digitizer software (http://
getdata-graphdigitizer.com/) was then utilized to acquire the
survival data, and Tierney’s method to calculate the HRs with
95% (95% CIs.[15] The quality of each selected studies was
assessed by Newcastle-Ottawa Scale (NOS).[16] The NOS
included 3 quality items: selection (4 points), comparability (2
points), and outcome assessment (3 points). According to the
NOS criteria, all of studies with an NOS score ≥6 are considered
as high-quality articles. Details about NOS score of the quality
articles were revealed in Supplemental Table 1, http://links.lww.
com/MD/C953.
2.5. Statistical strategy

With the data extracted for each eligible study, we performed
the systematic meta-analysis to evaluate the connection
between the level of KLF8 expression and cancer patients’
prognosis. The statistical analysis was performed by
STATA12.0 (Stata Corporation, College Station, TX).
The heterogeneity between studies was calculated by the Chi-
square-based Q test and I2 statistics. The Cochran Q test: P
heterogeneity<0.10 or I2≥50% was defined as significant
heterogeneity and the fixed-effects model was used to test the
pooled HRs, otherwise the random effects model was used.[17]

Pooled HRs and 95% CIs for OS were calculated through a
fixed effects model. Publication bias was assessed with Begg’s
funnel plot and Egger’s test. P values were determined by 2-
sided tests andP< .05was considered as statistically significant.
The pooled results were also examined the stability via
sensitivity analysis.

3. Results

3.1. Characteristics of eligible studies

The search and selection strategy is shown in the flowchart (flow
diagram). A total of 280 articles were initially identified through
abovementioned searching strategies. Twenty-five studies were
excluded due to duplicated studies. After the titles and abstracts
were reviewed, and 248 irrelevant studies were excluded.
Moreover, after reading the full article carefully, excluded 1
article with useless data. Finally, in according to the inclusion and
exclusion criteria, 6 studies and a total number of 883 cases were
eligible in the meta-analysis.[10,18–21,7] The 6 included articles
were analyzed relationship between the level of KLF8 expression
with tumor prognosis and metastasis. The specific characteristics
of these eligible studies were revealed in Table 1. All 6 studies
were conducted in China and foreign articles were not retrieved in
the abovementioned electronic database. These studies were
published between 2010 and 2018. Among the 6 studies, the
sample sizes varied from 68 to 314, with a median of 137
patients. As for tumor types, these studies were distributed in the
respiratory system and digestive system, which successively were
lung adenocarcinoma, non-small cell lung cancer (NSCLC),
pancreatic cancer, gastric cancer (n=2) and hepatocellular
carcinoma (HCC). All articles used IHC to assess the level of
KLF8 expression, 3 of which also used WB. All 6 studies
described the relationship between KLF8 expression and OS, 2 of
which were also mentioned CSS and time to recurrence. In all
studies, the cut-off value of KLF8 was defined by scoring the
positive and negative of KLF8 on the basis of the intensity of
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Table 1

The characteristics of all included eligible studies.

Sample Disease Detection
Follow-up
(months) No. of patients

Reference Country
Tumor
type

size
(n) stage Treatment method Outcome

median
(range) Cut-off value

KLF8
low (�)

KLF8
high (+)

HR
estimate NOS

[10] China LAC 140 Mixed Surgical
resection

WB+IHC OS 37 (0–60) Positive: (the percentage
score ≥3)

77 63 SC 8

Negative: (the
percentage score <3)

[19] China NSCLC 134 Mixed Surgical
resection

WB+IHC OS (0–60) Positive: moderate and
strong

72 62 Reported 7

Negative: weak and no
staining

[18] China PC 68 Mixed Surgical
resection

IHC OS (5–25) Positive: moderate and
strong

32 36 Reported 7

Negative: weak and no
staining

[20] China GC 154 Mixed Curative
resection

IHC OS,CSS 45 (5–77) Positive: (overall score
≥1)

70 84 Reported 8

Negative: (overall score
= 0)

[21] China GC 73 Mixed NA IHC OS 36 (0–120) Positive: (score ≥1) 22 51 Reported 8
Negative: (score <1)

[7] China HCC 314 Mixed Curative
resection

WB+IHC OS,TTR 67 (2–133) Positive: (overall score
≥6)

152 162 Reported 8

Negative: (overall score
<6)

CSS= cancer-specific survival, GC=gastric cancer, HCC=hepatocellular carcinoma, HR=hazard ratio, IHC= immunohistochemistry, KLF8=Krüppel-like factor 8, LAC= lung adenocarcinoma, NA=not
available, NOS=Newcastle-Ottawa Scale, NSCLC=non-small cell lung cancer, OS=overall survival, PC=pancreatic cancer, SC= survival curve, TTR= time to recurrence, WB=western blotting.
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immunohistochemical staining and the proportion of positively
stained cells. In data analysis, the HR values of 5 articles were
reported directly and 1 was not mentioned and was derived from
the survival curve analysis.

3.2. Association between the KLF8 expression level and OS

As shown in Table 2, 6 studies reported the OS based on a total of
883 patients’ different expression levels of KLF8. As shown in
Figure 1, the estimated pooled HR was 1.56 (95% CI=1.26–
Table 2

Results of this meta-analysis according to OS.

Categories No. of studies Cases Pooled

OS 6 883 1.56
Metastasis 5 743 1.37
TNM stage 3 361 1.58
Cancer types
Digestive system cancers 4 609 1.49
Non-digestive system cancers 2 274 1.80
Source of HR
Survival curve 1 140 1.92
Report 5 743 1.53
Sample size
≥100 4 742 1.52
<100 2 141 2.32
Follow-up (months)
≥70 3 541 1.45
<70 3 342 1.89

TNM= tumor node metastasis.

3

1.87, P= .000) and the heterogeneity of these included studies
was not significant (I2=0.0%, P heterogeneity=0.628). There-
fore, the fixed effects model was adopted to reckon the HRs with
95%CIs. Our data analysis suggested that high level of KLF8 had
a positive association with poor OS in cancer patients.

3.3. Subgroup analysis

Furthermore, we also performed a subgroup analysis utilizing the
fixed effects model in the light of article publication year, cancer
HR (95% CI) P value Model Heterogeneity

I2(%) P value

(1.26–1.87) .000 Fixed 0.0% .628
(0.57–2.17) .001 Random 59.7% .042
(0.90–2.25) .000 Random 17.2% .299

(1.14–1.83) .000 Fixed 0.0% .450
(1.17–2.43) .000 Fixed 0.0% .772

(0.90–2.94) .000 Fixed – –

(1.21–1.84) .000 Fixed 0.0% .568

(1.21–1.83) .000 Fixed 0.0% .695
(0.97–3.67) .001 Fixed 0.0% .389

(1.10–1.80) .000 Fixed 0.0% .730
(1.25–2.50) .000 Fixed 0.0% .524

http://www.md-journal.com


Figure 1. Forest plot of HRs for the association between KLF8 overexpression and the overall survival (OS) of patients with human cancers. HR=hazard ratio,
KLF=Krüppel-like factor.
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types, source of HR, sample size, and follow-up (months)
(Table 2). As shown in Figure 2, for cancer types, the pooled HRs
of increased KLF8 expression on OS in patients with non-
digestive system cancers and digestive system cancers, respective-
ly, were 1.80 (95% CI=1.17–2.43; P= .000) and 1.49 (95%
CI=1.14–1.83; P= .000) (Fig. 2A). The above results also
showed the effects of increased KLF8 expression on OS.
Similarly, we further stratified subgroup analysis about source

of HR, sample size, and follow-up (months), and revealed similar
results in concern of the effects of high level of KLF8 on OS
(Fig. 2B–D).
3.4. Association between the KLF8 expression level and
metastasis

As shown in Table 2, 5 studies and a total number of 743 patients
directly reported HRs and assess the effect of overexpression of
KLF8 on metastasis. The 5 studies included NSCLC, pancreatic
cancer, gastric cancer (n=2), and HCC. We used the random
effects model and the pooled HRs with 95% CI showed
significant association in metastasis incidence between KLF8
expression 1.37 (95% CI=0.57–2.17; P= .001, random effects
model) with heterogeneity (I2=59.7%, P heterogeneity=0.042)
(Fig. 3). Considering heterogeneity, we performed a sensitivity
analysis and excluding the Li[19] study, the observed heterogene-
4

ity disappeared and the results were the same as before. The
results suggested that highly expression of KLF8 significantly
predicted a higher incidence of metastasis in patients with human
cancer.

3.5. Association between the KLF8 expression level and
TNM stage

Among the 6 studies, 3 studies and a total number of 361 cases
directly reported HRs and evaluate the effect of highly expression
KLF8 on tumor node metastasis (TNM) stage. The 3 studies
included NSCLC and gastric cancer (n=2). Similarly, we also
used the random effects model. The pooled HRs with 95% CI
showed significant relationship between KLF8 expression and
TNM stage 1.58 (95% CI=0.90–2.25; P= .000, random effects
model) with small heterogeneity (I2=17.2%, P heterogeneity=
0.299) (Fig. 4). The results showed that overexpression of KLF8
and TNM stage were closely related in patients with carcinomas.

3.6. Publication bias and sensitivity analysis

We evaluated the publication bias of included articles through
Begg’s tests and Egger’s tests. In the Begg’s funnel plots, as shown
in Figure 5A, it showed that there was no obvious asymmetry. In
addition, comprehensive analysis the results of Begg’s test



Figure 2. Forest plot of HRs for the association between high levels of KLF8 and subgroups in cancer patients.(A) Cancer types; (B) source of HR; (C) sample size;
(D) follow-up (months). HR=hazard ratio, KLF=Krüppel-like factor.
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(P= .133) and Egger’s tests (P= .039) demonstrated the possibili-
ty of partial publication bias. Therefore, we conducted trim and
fill method and acquired the pooled HR of 1.504 (95% CI=
1.275–1.774). As shown in Figure 5B, after using the trim and fill
5

method of map, it was still statistically significant. It showed that
our results were still credible and not subjected to publication
bias. Due to the number of included studies was little (n=5),
publication bias was not analyzed in metastasis.

http://www.md-journal.com


Figure 2. (Continued )

Liu et al. Medicine (2019) 98:18 Medicine
Furthermore, the sensitivity analysis was performed by
randomly deleting each study from the pooled analysis to assess
the stability of the study. As we could see in Figure 6, indicating
that the results of our meta-analysis were reliable and stable.
6

4. Discussion
Malignant tumor is 1 of the major diseases which threat people’s
lives and social economic development with an increasing
incidence and mortality rate.[22] Its characteristic includes



Figure 3. Forest plot of HRs for the association between KLF8 overexpression and metastasis of patients with human cancers. HR=hazard ratio, KLF=Krüppel-
like factor.

Figure 4. Forest plot of HRs for the association between KLF8 overexpression and TNM stage of patients with human cancers. HR=hazard ratio, KLF=Krüppel-
like factor, TNM= tumor node metastasis.

Liu et al. Medicine (2019) 98:18 www.md-journal.com
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Figure 5. Funnel plot for publication bias assessment. (A) Begg’s funnel plot; (B) funnel plot with trim and fill. Circle mean included studies, square mean estimated
missing studies after modified publication bias.

Liu et al. Medicine (2019) 98:18 Medicine
progress rapidly, poor prognosis, metastasis and high fatality
rate, and so on. Development and progression of tumor is related
to many factors. At the molecular level, there are genetic
mutations and the regulatory factors expression disorder, such as
transcription factors and so on. Therefore, it is very important
that the level of expression of proved tumor-associated factors or
molecular markers, which could be monitored for the early
prediction and treatment of tumors. At present, transcription
factor as a molecular marker is also 1 of the hot spots.
KLF8 is a class of basic zinc finger transcription factor and

belongs to a member of the KLFs family. It can be combined with
the DNA of GC box or related CACCC element, through the
regulation of gene expression rich in GC promoter, it is widely
involved in the physiological and pathological processes such as
cell proliferation, apoptosis, differentiation and embryonic
development, cancer development, and angiogenesis. [23] KLF8
was originally identified from drosophila, a large number of
8

literature studies found that like other members of this family, it
plays a key role in cell cycle progression,[3] cell invasion and
EMT,[12] oncogenic transformation of cells[24] and oncogenesis.
Some researches have shown that KLF8 is the target of focal
adhesion kinase (FAK). FAK can induce the expression of KLF8.
Activated KLF8 acts on the cyclin D1 promoter GC box and
activates cyclin D1 to exert its role in regulating the cell cycle.[3] In
termsof invasionand transformation, other study found thatKLF8
is a strong EMT and invasion inducing protein in breast cancer.
There are also some studies found that in renal cell carcinoma,
KLF8 protein and messenger RNA levels were significantly higher
than adjacent nontumor tissue.[11] Moreover, there are many
studies on the relationship between the expression level of KLF8
and prognosis. This is also a problem thatwe are concerned about.
For example, all qualified studies in my article, these articles imply
that overexpression KLF8 is closely related to tumor development
and prognosis, and KLF8 may become a tumor biomarker.



Figure 6. Sensitivity analysis of the meta-analysis of KLF8 overexpression. KLF=Krüppel-like factor.
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Therefore, through themeta-analysis ofKLF8 research,wehope to
illuminate the relationship between KLF8 and the prognosis of
human tumors and to better guide clinical practice in the future.
Our study included 6 studies with 883 patients and analyzed

whether overexpression KLF8 is a significant prognostic and
metastatic risk factor in human cancers. We obtained the pooled
HRs (1.56; 95% CI=1.26–1.87), and the result is no
heterogeneity. It showed that high expression KLF8 significantly
predicted poor OS. In addition, highly expression of KLF8 was
also closely associated with metastasis and TNM stage in
carcinomas. Similarly, subgroup analyzes also yielded similar
results. For the detection method, KLF8 is mainly detected by
IHC and can also be detected by WB. The KLF8 antibodies used
were uniform in the 6 articles, but considering the different
manufacturers who purchased the antibodies, the evaluation
criteria of the results were not uniform and there were many
interference factors, so we did not make further analysis. In
addition, our meta-analysis is the first to analyze the relationship
between the level of KLF8 expression and tumor prognosis and
metastasis. According to the Begg’s funnel plots, the Egger’s tests
and the result of trim and fill method, we can also indicate that
our study has a high degree of credibility.
4.1. Limitations

Of course, our study also has several limitations. First, the
included studies in the meta-analysis were all from China. If
incorporated into some other region studies, the results will be
more persuasive. Second, according to Egger’s tests, the
possibility of partial publication bias was showed. Because of
qualified studies relatively little, this may be resulted in a small
publication bias. Analysis of association between the KLF8
expression with metastasis and TNM stage, there were too few
articles that meet the conditions and the results were somewhat
heterogeneous. In the future, the article volume should be
9

expanded to analyze again to increase credibility. Third, due to
the lack of uniform IHC assessment criteria and cut-off points
now, the evaluation of KLF8 expression and the ascertainment of
cut-off value usually depend on personal judgment. Finally, the
follow-up time from the included articles was incomplete, the
subgroup analysis was not deep enough, and the tumor types
currently only had from 2 systems. Therefore, we require more
other types of cancer in different systems to confirm our results.
From the above, in regard to these limitations mentioned above, a
larger sample size, more tumor types, and modulated particular
data are required to realize a more convincing conclusion.
5. Conclusion

In conclusion, our meta-analysis demonstrates that the high
expression level of KLF8 is relevant to poor OS and higher
incidence of metastasis in various malignancies, which suggests
that KLF8 may be served as a potential prognostic and metastasis
biomarker and a promising therapeutic target for human cancers.
Nevertheless, the number of eligible articles in this study is
comparatively less, and more qualified studies are remained to
confirm our results in the future.
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