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Abstract
Background: Yes- associated protein (YAP) overexpression is reported to be associ-
ated with risk of hepatocellular carcinoma (HCC) but current studies have not explored 
the relationship between YAP expression with HCC clinicopathological features.
Methods: To assess these associations, a meta- analysis was performed which included 
four eligible studies including 391 HCC cases and 334 controls. There were eight eli-
gible studies to investigate the association between YAP expression in HCC and clin-
icopathological features of liver cancer patients. Literature was obtained from PubMed, 
Embase, Wangfang and China National Knowledge Infrastructure.
Results: Analysis indicated that YAP expression in HCC was greater than in adjacent 
non- tumour tissue (odds ratio [OR], 15.80, 95% confidence interval [CI], 10.53- 23.70, 
P<.00001; heterogeneity=.30). YAP overexpression in HCC was significantly associated 
with vascular invasion (OR, 2.21, 95% CI, 11.64- 2.97, P<.00001, heterogeneity=.10), less 
cellular differentiation (OR, 2.38, 95% CI, 1.61- 3.51, P<.00001, heterogeneity=.333), tu-
mours larger than 5 cm (OR, 2.52, 95% CI, 1.75- 3.62, P<.00001; heterogeneity=.17) and 
TNM tumour stage I + II (OR, 0.44, 95% CI, 0.28- 0.75, P=.00003, heterogeneity=.12).
Conclusions: Overexpression of YAP contributes to HCC formation, and its overex-
pression is associated with vascular invasion, low cellular differentiation tumours 
larger than 5 cm and TNM tumour stage III + IV.
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1  | INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common hepatic primary 
malignancy and the third leading cause of cancer- related mortality 

worldwide.1 Although multiple therapeutic modalities are available to 
treat HCC, mortality is still unacceptably high. Recently, research on 
tumour signal transduction pathways have revealed important path-
way proteins that could be exploited for treatment targets, and these 
approaches have increased patient survival.2,3

The hippo signalling pathway regulates cell prolifera-
tion and apoptosis during normal development and the Yes- 
associated protein (YAP) is a major effector of this pathway—YAP 

Abbreviations: CI, confidence interval; CNKI, China National Knowledge Infrastructure; 
CTGF, connective tissue growth factor; HCC, hepatocellular carcinoma; ORs, odds ratios; 
YAP, Yes-associated protein.
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overexpression causes hepatocellular tumour cell transformation.4 
YAP is more greatly expressed in HCC compared to non- tumour 
specimens, and overexpression of YAP is associated with clin-
icopathological features of HCC,5-7 however, data have been in-
consistent and  heterogeneous. Therefore, this meta- analysis was 
performed to evaluate the relationship between YAP overexpres-
sion and HCC.

2  | METHODS

2.1 | Literature search strategy

A search was conducted with PubMed, EMBase, Wangfang and the 
Chinese National Knowledge Infrastructure (CNKI) for studies pub-
lished from 1 January 1996 until 1 September 2016. Relevant studies 
were identified using the following terms: (“hepatocellular carcinoma” 
or “liver cancer” or “HCC”) and (“YAP”). Article languages were lim-
ited to English and Chinese. All searched studies were retrieved 
and references were reviewed to locate additional eligible studies. 
Authors were emailed for studies without sufficient data. We manu-
ally searched to ensure that all available studies were included in this 
meta- analysis.

2.2 | Inclusion and exclusion criteria

Studies included measured YAP expression in HCC using immunohis-
tochemistry. HCC was diagnosed histopathologically. Controls were 
confirmed to be HCC- free. Samples used were tumours and adjacent 
non- tumour tissues. Only full- text articles were included. Cases were 
excluded if they mentioned other cancer types, were case reports, let-
ters, or reviews lacking original data or non- full- text papers. No article 
was duplicated in the analysis.

2.3 | Assessment of study quality

Study quality was assessed using a Newscastle- Ottawa Quality 
Assessment Scale.8 Two researchers appraised the methodological 
quality independently. As shown in Table 1, selection method, compa-
rability and exposure assessment method of cases and controls were 
included in the assessment system. Study “stars” (1- 10) referred to 
their fitness for being incorporated into the meta- analysis. Studies 
with <5 stars were considered to be “low- quality” studies and were 
excluded.

2.4 | Data extraction

Full- texts of candidate articles were reviewed by two independent 
investigators and data were extracted and sorted. If results were in 
disagreement, a third investigator resolved the inconsistency. Data 
extracted from selected articles included the first author’s name, 
publication year, country, numbers of cases and controls, YAP ex-
pression in HCC and adjacent normal tissue, and clinicopathological 
features.

2.5 | Statistical analysis

The meta- analysis was performed using STATA 12.0 (College Station, 
TX, USA). Association of YAP overexpression between HCC and ad-
jacent non- tumour tissues and any correlation with clinicopathologi-
cal features in HCC were estimated using odds ratios (ORs) with 95% 
confidence intervals (95% CIs) and P<.05 was considered to indicate 
statistical significance. Study heterogeneity was investigated using a 
Chi- square- based Q- test and quantified using I2. P- values <.05 and I2 
values exceeding 50% indicated significant heterogeneity. ORs were 
pooled according to a fixed effects model (Mantel- Haenszel model). 
Otherwise, a random- effects model (DerSimonian and Laird model) 
was used. Sensitivity analyses were used to assess stability of meta- 
analysis results and sensitivity analysis was performed by removing a 
specific study from the meta- analysis. Begg’s funnel plots were used 
to evaluate publication bias and two reviewers analysed data indepen-
dently and obtained the same conclusions.

3  | RESULTS

3.1 | Study characteristics

A total of 454 records, 210 from PubMed, 110 from EMbase, 108 
from the CNKI and 26 from the Wanfang Database were found using 
our search strategy. The complete literature selection process ap-
pears in Figure 1. Study characteristics of those chosen appear in 
Tables 2-4.

3.2 | Heterogeneity and sensitivity analysis

Analysis of the correlation of YAP expression between HCC and ad-
jacent non- tumour tissue revealed that two studies5,9 had substantial 
influence over the data and overall estimates remained stable. Based 
on Q- test and I2 statistics, there was no evidence of significant het-
erogeneity (χ2=3.70, P=.30, I2=19%), therefore the fixed effects model 
was used for OR calculations. Analysis of correlations of YAP overex-
pression with clinicopathological features in HCC revealed that het-
erogeneity and sensitivity analysis were performed in the same way.

Key points
• The literature that describes Yes-associated protein (YAP) 

overexpression and clinicopathological aspects of hepa-
tocellular carcinoma (HCC) offer different results.

• Yes-associated protein overexpression contributes to 
hepatobiliary carcinoma.

• We confirm consistencies between YAP overexpression 
and HCC clinicopathological features.

• Yes-associated protein overexpression is associated with 
vascular invasion, cellular differentiation, tumor size and 
TNM tumor stage.
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3.3 | Publication bias

Funnel plots were symmetrical, and Egger’s and Begg’s tests suggested no 
obvious publication bias in the analysis of correlations between YAP over-
expression in HCC and clinicopathological features (Figure 2B, Table 5).

3.4 | Meta- analysis results

Within four records7,10-12 with 391 cases and 334 controls, YAP 
overexpression was correlated with HCC but not with adjacent 

non- tumour tissue. Figure 2 shows that YAP expression in HCC was 
greater than in adjacent non- tumour tissue. The pooled OR was 15.80 
(95% CI: 10.53- 23.70, P<.00001).

Odds ratios from eight records1,5,6,9-13 for YAP overexpression and 
HCC clinicopathological features (Figure 3 and Table 5) show that YAP 
overexpression in HCC was significantly associated with more vascular 
invasion, poor cellular differentiation, tumours larger than 5 cm and 
TNM tumor stage IIII + IV. Pooled ORs appear in Figure 3 and show 

TABLE  1 Newscastle- Ottawa Quality Assessment Scale

Scales for quality assessment criteria Stars

Selection

 (1) Is the case definition adequate?

a) Yes, with independent validation ☆

b) Yes, e.g. record linkage or based on self reports

c) No description

 (2) Representativeness of the cases

a) Consecutive or obviously representative series of 
cases

☆

b) Potential for selection biases or not stated

 (3) Selection of Controls

a) Community controls ☆

b) Hospital controls

c) No description

 (4) Definition of Controls

a) No history of disease (endpoint) ☆

b) No description of source

Comparability

 (1) Comparability of cases and controls on the basis of the 
design or analysis

a) Study controls for _______________ (Select the most 
important factor.)

☆

b) Study controls for any additional factor (This criteria 
could be modified to indicate specific control for a 
second important factor.)

☆

Exposure

 (1) Ascertainment of exposure

a) Secure record (e.g. surgical records) ☆

b) Structured interview where blind to case/control 
status

☆

d) Written self report or medical record only

e) No description

 (2) Same method of ascertainment for cases and controls

a) Yes ☆

b) No

 (3) Non- Response rate

a) Same rate for both groups ☆

b) Non respondents described

c) Rate different and no designation

F IGURE  1 Flow chart for this study’s selection process (Data S1)
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that YAP overexpression increased vascular invasion, more poor differ-
entiation, larger tumours and higher staged tumours in HCC.

5  | DISCUSSION

Hepatocellular carcinoma is a common malignant, highly invasive tu-
mour with poor prognosis14 To better treat HCC, novel targets are 
being investigated such as HIPPO signalling pathways. YAP is a major 

effector in this pathway and is involved in numerous malignant tu-
mours,15-18 Tschahargane19 found that YAP activated the Notch 
signalling pathway by upregulating Jagged1 expression, thereby ac-
celerating proliferation of hepatoma cells. Urtasun’s group20 found 
that YAP expression was not only in HCC but also in primary human 
hepatocytes; they also demonstrated that YAP could upregulate the 
connective tissue growth factor (CTGF) expression, while CTGF could 
downregulate the tumour necrosis factor- related apoptosis- inducing 
ligand receptor 2 expression which affected HCC cells apoptosis, In 

Study Country Case Control

Case Control

YAP (+) YAP (−) YAP (+) YAP (−)

Han (2014)5 China 39 39 27 12 16 23

Lei (2015)10 China 52 43 42 10 4 39

Liu (2015)12 China 78 30 49 29 5 25

Wang (2016)7 China 84 84 59 25 12 72

Xu (2009)11 China 177 177 110 67 16 161

Xu (2013)9 China 227 227 129 98 103 124

TABLE  2 Characteristics of included 
studies in meta- analysis (correlation of 
Yes- associated protein [YAP] expression 
between hepatocellular carcinoma and 
adjacent non- tumour tissue)

TABLE  3 Characteristics of studies included in meta- analysis (correlation of Yes- associated protein [YAP] expression in hepatocellular 
carcinoma with clinicopathological features)

Study YAP (+)

YAP (+)

Sex (M/F)
Vascular 
invasion (Y)

Cellular 
differentiation 
(L)

Tumour 
Size 
(>5 cm) TNM (I + II)

AFP 
(>400 ng/mL)

Tumour 
Number (>1)

Hepatitis 
(Y/N)

AJCC 
(I)

Lei (2015) 42 38/4 25 N N N 40 N N 17

Li (2015)25 54 49/5 31 8 33 N 29 29 52 10

Han (2014)5 27 25/2 3 12 15 10 N 1 23 N

Xu (2009)11 110 90/20 59 21 N N 57 24 69 42

Wu (2016)23 78 67/11 28 N 61 19 N N 74 N

Wang (2016)7 59 56/3 11 30 N N N 35 55 N

Xu (2013)9 129 108/21 57 47 65 88 N 21 126 N

Liu (2015)12 49 N 33 15 N 32 43 N N N

TABLE  4 Characteristics of studies included in the meta- analysis (correlation of Yes- associated protein [YAP] expression in hepatocellular 
carcinoma with clinicopathological features)

Study YAP (−)

YAP (−)

Sex (M/W)
Vascular 
invasion (Y)

Cellular 
differentiation 
(L)

Tumour 
Size 
(>5 cm) TNM (I + II)

AFP 
(>400 ng/mL)

Tumour 
number (>1)

Hepatitis 
(Y/N)

AJCC 
(I)

Lei (2015) 10 8/2 4 N N N 5 N N 1

Li (2015)25 51 49/2 14 5 21 N 18 21 51 19

Han (2014)5 12 10/2 3 1 5 5 N 2 7 N

Xu (2009)11 67 53/14 31 9 N N 13 17 46 29

Wu (2016)23 59 50/9 12 N 24 18 N N 56 N

Wang (2016)7 25 22/3 3 6 N N N 15 23 N

Xu (2013)9 98 90/8 24 23 34 83 N 20 97 N

Liu (2015)12 29 N 7 1 N 28 14 N N N
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other words, it is further proved that the abnormal expression of YAP 
may be related to the occurrence and development of HCC. Other 
researchers21-23 indicate that YAP overexpression occurs in HCC tis-
sues and confirms a relationship between YAP overexpression and 
HCC. Our meta- analysis confirmed the view—expression of YAP in 
HCC tissues may be higher than in cirrhotic liver samples and healthy 
livers. Because of limited studies, no subgroup analysis was made for 
the presence or absence of cirrhosis in non- tumoral (NT) tissues and 
no studies included had subgroup analysis.

We used the Newscastle- Ottawa Scale to assess study quality, se-
lection method, comparability and exposure; the assessment method 
was also comprehensively evaluated. Article “stars” were at least 7, 
indicating that all included studies were of high quality. The Egger’s 
and Begg’s tests indicated no significant publication bias.

Overall, eight studies were included and six contained data re-
garding YAP expression and HCC and adjacent non- tumor tissues, 
suggesting that YAP expression between HCC and adjacent tissues 
differed. Funnel plots were symmetrical. There was evidence of 
significant heterogeneity before excluding work by Han and Xu.5,9 
Sensitivity analysis indicated that two studies5,9 affected meta- 
analysis stability, and after eliminating these two studies, heteroge-
neity significantly improved.

Work by Han and Xu5,9 described YAP expression in HCC and 
non- tumorous tissue and reported P- values <.01, which supports our 
meta- analysis that YAP expression in HCC was significantly higher 
than in adjacent tissues, and YAP overexpression contributed to the 
occurrence of HCC.

We also noted that YAP overexpression is related to poor differen-
tiation, more venous infiltration, TNM stage III- IV, and tumours larger 

F IGURE  2 Analysis of Yes- associated protein (YAP) expression 
between hepatocellular carcinoma (HCC) and adjacent non- tumour 
tissue. (A) Forest plot depicting YAP expression between HCC and 
adjacent non- tumour tissue. (B) funnel plot depicting YAP expression 
between HCC and adjacent non- tumour tissue

TABLE  5 Analysis of correlation of Yes- associated protein expression in hepatocellular carcinoma with clinicopathological features using a 
fixed effects model

Clinicopathological features 
feature OR (95% CI) P-value (Z test) I2 (%) Heterogeneity

Egger’s test 
P- value

Begg’s test 
P- value

Sexa 0.93 (0.61, 1.42) .74 18 .29 .371 .453

Tumour numberb 1.17 (0.82, 1.67) .38 55 .06 .524 .624

Cellular differentiationc 2.38 (1.61, 3.51) <.00001 13 .33 .05 .039

Serum AFPd 4.09 (2.59, 6.45) <.00001 55 .08 .230 .174

Venous infiltratione 2.21 (1.64, 2.97) <.00001 42 .11 .791 .621

Hepatitisf 0.9 (0.55, 1.47) .66 5 .38 .933 .573

AJCC tumour stageg 0.77 (0.48, 1.23) .27 66 .05 .612 .602

TNM tumour stageh 0.44 (0.28, 0.69) .0003 48 .12 .586 .497

Tumour sizei 2.52 (1.75, 3.62) <.00001 40 .17 .899 1.000

aMale/female.
bMultiple/single.
cLow differentiation/middle or high differentiation.
d>400 ng/mL/<400 μg/mL.
eY/N.
fY/N.
gI/II + III.
hI + II/III + IV.
i>5 cm/<5 cm.
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than 5 cm. Liu12 and Wang’s groups7 reported that YAP expression 
was related to HCC differentiation, and Liu12 and Xu et al.9 indicated 
that YAP expression was related to venous infiltration and tumour 
TNM stage. Few studies6,9,24 suggested that YAP expression was re-
lated to tumour size. Thus, YAP overexpression may be a risk factor for 
the formation of HCC.

As shown in Table 4, heterogeneity analysis of the relationship 
between YAP expression and AFP indicated no significant heteroge-
neity among the studies. YAP is involved in many signalling pathways 
associated with HCC,19,25-28 but its actual role is unclear and worthy 
of investigation, especially because Simile’s group29 reported that up-
regulation of YAP is related to HCC prognosis.

This meta- analysis was limited by few manuscripts with possibly 
biased results. Also, studies were from China and within each study, 
ethnicity was not identified. More studies with larger samples and dif-
ferent ethnicities are required to confirm an association between YAP 
overexpression and HCC.
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