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Abstract
Background: The aim of this study was to assess the prognostic value of Krüppel-like factor 7 (KLF7) for
patients with oral squamous cell carcinoma(OSCC).
Methods: The expression of KLF7 was detected by quantitative real-time polymerase chain reaction (qRTPCR) in pairs of tumor tissues and adjacent non-tumor tissues of OSCC. Chi-square (χ2) test was applied
to evaluate the association of KLF7 expression with clinicopathological characteristics of OSCC patients.
Overall survival was estimated using the Kaplan-Meier method with log rank test. The cox proportional
hazards model was used for univariate and multivariate analyses.
Results: The expression of KLF7 was remarkably increased in OSCC tissues compared with adjacent nontumor tissues (P<0.001). KLF7 expression was related to TNM stage (P=0.006), tumor size (P=0.010),
smoking (P=0.006) and drinking (P=0.000). Kaplan-Meier analysis showed that OSCC patients with high

KLF7 expression had a poorer overall survival than those with low expression (log rank test, P=0.018).
Moreover, multivariate analyses showed that KLF7 was an independent prognostic factor for OSCC
(P=0.002 HR=2.645 95%CI: 1.426-4.906).
Conclusion: Decreased expression of KLF7 may be a potential unfavorable prognostic factor for patients
with OSCC.

Background
Oral squamous cell carcinoma (OSCC) is one of the most common forms of oral cancer worldwide, and
its morbidity has been rapidly increasing in Asian countries in the past decade [1]. There are several risk
factors con rmed for patients with OSCC, such as tobacco smoking, alcohol consumption, human
papillomavirus infection, etc [2–4]. The conventional treatments for OSCC include surgical treatment,
chemotherapy, radiotherapy. In the past few years, the therapeutic strategies for OSCC have been
signi cantly improved, but the ve-year survival of the patients still remains unsatisfactory, especially
those diagnosed with advanced stages [5–7]. The aggressive tumor progression and high recurrence rate
may be responsible for the poor clinical outcomes [8]. Until now, OSCC progression evaluation is mainly
dependent on TNM staging. However, the TNM system is based on clinical parameters of the cases. The
histopathological features as well as the interaction between the tumor and host are not considered,
which may cause bias to the nal results [9]. Therefore, novel biomarkers are in urgent need to evaluate
tumor progression and guide treatments in patients with OSCC.
Krüppel-like factors (KLFs) are a group of DNA-binding transcriptional regulators which contain zinc
ngers. The family plays important roles in a variety of biological processes, such as cell stemness,
proliferation, differentiation, apoptosis, and energy metabolism [10–12]. Krüppel-like factor 7 (KLF7) is a
member of the KLF family, and three C2H2 type zinc ngers are located at its C-terminus that bind to the
promoters of target genes [13]. KLF7 could regulate the function of the nervous system and adipose
tissue [14]. Knockdown the expression of KLF7 may cause damages to neuronal and cardiomyocytic
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differentiation of embryonic stem cells [15]. Besides, the abnormal expression of KLF7 may be also
involved in regulation of blood disease, type 2 diabetes, obesity, etc [16–18]. Recently, tumor
investigations have demonstrated that abnormal expression of KLF7 might be involved in
carcinogenesis. For example, Ding et al. reported that the expression of KLF7 was up-regulated in OSCC
tissues, moreover, its elevated expression showed positive association with the migration ability of OSCC
cells. KLF7 might serve as a promoter in metastasis of OSCC [19]. However, to our knowledge the
prognostic signi cance of KLF7 in OSCC remained unclear.
In the present study, we analyzed the relative expression level of KLF7 in OSCC carcinoma tissues, as well
as its association with clinicopathological factors. In addition, a ve-year follow up investigation was
performed for the patients, and the clinical signi cance of KLF7 for prognosis prediction in OSCC patients
was also investigated in the current study.

Materials And Methods

Patients and tissue samples
The study was approved by the Ethic Committee of Chinese PLA General Hospital. All patients provided
written informed consents in advance.
In the present study, a total of 111 OSCC cases were recruited from Chinese PLA General Hospital. All
patients were pathologically diagnosed with OSCC and did not receive any treatment prior. The tumor
tissues and adjacent non-cancerous tissue specimens were collected from each patient, then the
specimens were immediately frozen in liquid nitrogen and stored at -80 ℃ until use.
All the patients were enrolled in a ve-year follow up investigations. The survival information during the
follow-up was recorded for survival analysis. The patients whose death was not related to OSCC would
be excluded from the study.

RNA extraction and quantitative real-time polymerase chain
reaction (qRT-PCR)
Total RNA was extracted from OSCC tumor specimens and matched adjacent non-tumor tissues using
TRIzol reagent (Invitrogen) according to the manufacturer’s procedure. The expression level of KLF7 was
determined by qRT-PCR, and the reaction was performed with the SYBR® Green dye (TaKaRa, Dalian,
China) on the 7500 Real-Time PCR systems (Applied Biosystems, Carlsbad, CA, USA). β-actin served as
internal control. The primer sequences were as follows: KLF7 forward (F), 5’-ACTGCTTGCTGACAATCTCG3’ and reverse (R), 5’-GGTCCCTCACACATCCTTCA-3’; β-actin F, 5’-TGACGTGGACATCCGCAAAG-3’ and R, 5’CTGGAAGGTGGACAGCGAGG-3’. The fold-change for target genes normalized by internal control was
determined by 2−ΔΔCT method. Each sample was examined in triplicate.

Statistical analysis
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Statistical analysis were performed using SPSS statistics 18.0 (SPSS, Chicago, IL, USA) and the graph
was plotted using GraphPad Prism 5.0 (GraphPad Software Inc., USA). The expression value of KLF7 in
tissue specimens were shown as mean ± standard deviation (SD), and its comparison between tumor and
non-cancerous specimens were carried out using student’s t test. The relationship between KLF7
expression levels and clinicopathologic characteristics was estimated by chi-square test. Kaplan-Meier
curve was applied to analyze the effects of KLF7 expression on overall survival of OSCC cases. The
prognostic value of KLF7 in OSCC was evaluated using Cox regression model. The P values less than
0.05 were considered statistically signi cant.

Results

The expression level of KLF7 in OSCC
A total of 111 OSCC cases including 53 females and 58 males were collected in our study. QRT-PCR were
used to investigate the expression pattern of KLF7 in the OSCC tissues and adjacent non-tumor tissues.
The results showed that the relative expression of KLF7 was signi cantly increased in OSCC tissues
compared with adjacent non-tumor tissues (P < 0.001) (Fig. 1).

The relationships between KLF7 expression and
clinicopathological features
To assess the correlation of KLF7 expression with clinicopathological parameters of patients, the patients
were divided into high KLF7 expression group (n = 56) and low KLF7 expression group (n = 55) based on
their mean expression value. The expression levels of KLF7 were not correlated with age and gender (all

P > 0.05 for both) (Table 1). However, the patients with high expression of KLF7 were more likely to exhibit
advanced TNM stage (P = 0.006), large tumor size (P = 0.010), smoking (P = 0.006) and drinking (P =
0.000) (Table 1).
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Table 1
The correlation between KLF7 expression and clinicopathological features of
OSCC patients
Features

NO. of cases

KLF7 expression

(n = 111)

Low (n = 55)

P values

High (n = 56)

Age (years)

0.218

< 60

48

27

21

≥ 60

63

28

35

Gender

0.298

Female

53

29

24

Male

58

26

32

Smoking status

0.006

None-smoker

51

18

33

Smoker

60

37

23

Tumor size (cm)

0.010

<5

52

19

33

≥5

59

36

23

Drinking status

0.000

None-drinker

58

18

40

Drinker

53

37

16

TNM stage

0.006

-

53

19

34

-

58

36

22

The prognostic value of KLF7 expression in OSCC
In order to investigate the prognostic value of KLF7 expression for OSCC, we assessed the association
between KLF7 expression levels and patient survival using Kaplan-Meier analysis with log-rank test.
Survival analysis indicated that OSCC patients with high KLF7 expression had worse overall survival than
those with low KLF7 expression (log rank test, P = 0.018) (Fig. 2). Univariate analysis revealed that KLF7
expression (P = 0.024), TNM stage (P = 0.029), smoking status (P = 0.026) and drinking status (P = 0.026)
were potential prognostic indicators for OSCC patient. As shown in Table 2, multivariate analysis
con rmed KLF7 expression (P = 0.002 HR = 2.645 95%CI: 1.426–4.906) and smoking status (P = 0.002;
HR = 2.626; 95%CI: 1.415–4.871) were independently correlated with prognosis of OSCC patients.
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Table 2
The univariate and multivariate analyses for patients with OSCC
Factors

Univariate analysis

Multivariate analysis

HR(95% CI)

P values

HR(95% CI)

P values

KLF7 expression

1.989 (1.096–3.608)

0.024

2.645 (1.426–4.906)

0.002

Age (years)

1.555 (0.856–2.828)

0.147

-

-

Gender

1.278 (0.719–2.272)

0.404

-

-

Smoking status

2.065 (1.090–3.915)

0.026

-

-

Drinking status

1.970 (1.085–3.574)

0.026

2.626 (1.415–4.871)

0.002

Tumor size (cm)

1.033 (0.575–1.853)

0.914

-

-

TNM stage

2.040 (1.076–3.868)

0.029

-

-

Discussion
Oral squamous cell carcinoma (OSCC) is an aggressive human malignancy worldwide. Despite advances
in prevention and treatment, the ve-year survival rate of OSCC patients remains low due to metastasis
and local recurrence [8, 20]. Tumor progression and prognosis evaluations are a great challenge for OSCC
patients in clinic, due to the lack of effective and reliable biomarkers. Growing evidences have
demonstrated that genetic factors play a pivotal role in progression of OSCC. Therefore, to investigate the
OSCC-related genes may explore novel and effective biomarkers for patients with OSCC. In the present
study, we investigated the prognostic value of KLF7 in OSCC patients.
KLFs are a family of zinc- nger transcription factors, which are widely expressed in multiple human
organs or tissues [21]. KLF family is involved in diverse biological processes, and their abnormal
expression may lead to human diseases, like cancer [22]. In oral cancer, several members of the KLFs
family had been proved to be implicated in the pathogenesis of the cancers. For examples, Uchida D et al.
had demonstrated that knockdown the expression of KLF2 would achieve the anti-tumor effects in oral
cancer cells [23]. KLF4 and KLF5 might regulate the dedifferentiation and differentiation of oral
carcinoma cells, thus leading to oral cancer carcinogenesis [24–26]. KLF8 was up-regulated in oral
cancer cells, and its down-regulation might suppress the proliferation and clone formation of the cells
[27]. In addition, the cellular levels of KLF13 was signi cantly correlated with proliferation ability and
therapy sensitivity of oral cancer, which might be a potential diagnostic biomarker and therapeutic target
for oral cancer [28]. However, to our knowledge, the function of KLF7 as well as its clinical signi cance
had been rarely reported in OSCC.
In the present study, we found that KLF7 expression levels were up-regulated in OSCC tissues compared
with adjacent non-tumor tissues. Additionally, the expression of KLF7 was positively correlated with
tumor size, TNM stage, smoking status and drinking status. This data indicated that KLF7 might be
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involved in the development of OSCC. High expression of KLF7 predicted malignant clinical
characteristics for the patients with OSCC. The study scheduled by Ding et al. have demonstrated that
over-expression of KLF7 via mediating the expression of snail enhanced the migratory potential of OSCC
cells, and induced epithelial-mesenchymal transition (EMT) and lymph node metastasis [19]. However,
the carcinogenic mechanisms of KLF7 in OSCC was not investigated in the current study. Further relevant
researches were still needed to address the issues.
Given its functional roles in OSCC development, we investigated the clinical performance of KLF7 in
prognosis evaluation in OSCC population. Kaplan-Meier survival analysis with log-rank test suggested
that high-expression group had obviously shorter overall survival than the low-expression group.
Multivariate analysis with a Cox proportional hazards model indicated that high KLF7 expression was
independently linked to poor survival of patients with OSCC. KLF7 might serve as an independent
prognostic factor for patients with OSCC. Although we con rmed the prognostic value of KLF7 in OSCC,
there were several limitations in our study. First, the sample size was relatively small. Second, only one
single population was enrolled in our researches. Due to the diverse genetic background, the expression
pro le of KLF7 in other races might be different. In addition, despite of the diverse biomarkers con rmed
for OSCC, few of then were applied in clinic. Thus, subsequent investigations still required to analyze the
clinical application of KLF7 for OSCC cases.

Conclusions
In conclusion, the expression of KLF7 is increased in OSCC, and shows positive association with
aggressive clinical parameters of OSCC cases. KLF7 may be an independent biomarker for prognosis
prediction in OSCC.
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Figure 1
The relative expression of KLF7 in OSCC patients was detected using qRT-PCR. Results showed that KLF7
expression was signi cantly increased in OSCC tissues compared with adjacent non-tumor tissues (***:
indicated P<0.001).
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Figure 2
Kaplan-Keier survival curves of OSCC patients based on KLF7 expression levels. Patients with high KLF7
expression had signi cantly poorer prognosis than those with low expression (log rank test, P=0.018).
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