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Original Article
Yes associated protein is a poor prognostic factor in 
well-differentiated lung adenocarcinoma
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Abstract: The Hippo pathway is a highly conserved potent regulator of cell growth and apoptosis including large tu-
mor suppressor (LATS) and Yes-associated protein (YAP). LATS has been regarded as a tumor suppressor gene and 
YAP as either of a tumor suppressor gene or an oncogene. We investigated their expression in lung adenocarcinoma. 
YAP and LATS protein expression was assessed in 167 surgically resected lung adenocarcinomas and compared 
with clinicopathologic factors. Disease free survival and overall survival were also evaluated. YAP expression was 
noted in cytoplasm (48 cases; 28.7%), nuclear (34; 20.4%) and both locations (4; 2.4%). The nuclear expression 
was typically observed in well differentiated adenocarcinoma. LATS was expressed in cytoplasm when its signal is 
weak. Perinuclear expression of LATS was observed when it is strongly expressed. While cytoplasmic and nuclear 
YAP expressions were inversely related. In well differentiated adenocarcinoma patients, YAP nuclear expression was 
related with more frequent relapse. Both of nuclear YAP and LATS expression were more frequently observed in well 
differentiated adenocarcinoma. Furthermore, YAP expression exhibited more frequent relapse in well differentiated 
adenocarcinoma group. We suggest that YAP may act as an oncogene and predict poorer prognosis in well differenti-
ated lung adenocarcinoma.
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Introduction

Lung cancer is one of the leading causes of 
cancer related death thorough out the world 
[1]. Recently, adenocarcinoma became the 
most common lung cancer [1]. The most impor-
tant reason why the prognosis is lung cancer is 
not much improved even with developments of 
new therapies is that lung adenoccarcinoma 
characteristically develop metastases or recur-
rences within months of diagnosis [2]. How we 
can predict early metastasis or recurrence is 
still to be discovered. 

Hippo signal transduction pathway was first dis-
covered in Drosophila melanogaster, regulating 
tissue growth and development [3, 4]. Evolu- 
tionally conserved, it is also discovered in 
human. Hippo pathway consists of mammalian 
STE20 like protein kinase (MST), large tumor 
suppressor (LATS), and adaptor proteins 
Salvador homologue (SAV), MOB kinase activa-
tor. These proteins exert various effects through 

final transcription coactivators Yes-associated 
protein (YAP) and transcriptional co-activator 
with PDZ-binding motif (TAZ) which are nega-
tively regulated by LATS. YAP has been suggest-
ed as tumor suppressor gene or oncogene in 
many cancers [3]. In hepatocellular carcinoma, 
it was known to take a role of tumor suppressor 
[5] while it plays as an oncogene in breast can-
cer [3]. Although there are a few studies of YAP 
protein expression in lung cancer, the data are 
still limited and those about LATS are even rarer 
[6, 7]. In the present study, we investigated the 
expression of YAP and LATS proteins in adeno-
carcinoma of lung. 

Materials and methods

Patients and specimen

All adenocarcinoma patients who underwent 
wedge resection, lobectomy or pneumonecto-
my at Pusan National University Hospital, and 
Pusan National University Yang-San Hospital 
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from 2008 to 2012 were selected for this study. 
After exclusion of cases in which there were 
insufficient pathological materials remaining 
for further study, a total of 167 cases were 
enrolled and representative formalin fixed par-
affin tissue blocks were collected. Tumors were 
staged according to the 7th edition of the 
American Joint Committee on Cancer (AJCC) 
Staging Manual after review of the clinical, 
radiological, and pathological data [8]. Other 
clinical information was extracted from medical 
records. Histological classification was accord-
ing to the IASLC/ATS/ERS classification of lung 
adenocarcinomas [9]. Histologic grades were 
divided into well and poorly differentiated 
groups. Well differentiated group was defined 
as the major portion of tumor consists of lep-
dic, acinar, or papillary growth, while poorly dif-
ferentiated group include micropapillary, or 

Slides were evaluated by two independent 
observers using light microscopy in a blinded 
fashion by two pathologists (YKK and SDH). 
Discordant cases were re-evaluated on a multi-
headed microscope to achieve a consensus. 
For both of YAP and LATS, grading was done 
according to previous studies with our modifica-
tion [6, 11]. Weak cytoplasmic reactivity or 
strong cytoplasmic reactivity in less than 50% 
of cells was scored as low. Strong cytoplasmic 
reactivity in over 50% of cells was designated 
as high. For nuclear staining, it was scored as 
low when the reactivity is observed in less than 
10% of the cells and regarded as high when the 
reactivity is observed in over 10% of cells. 

Statistical analyses

Pearson Chi-square test or Fisher’s exact test 
was used to evaluate the statistical significance 

Table 1. Summary of cases in this study
YAP expression

LATS expression
Cytoplasm Nuclear

No. Low High P Low High P Low High P
Age
    No. 167 119 48 0.59 133 34 0.81 149 18 0.38
    Mean 64.5 64.2 54.2 65.5 64.3 65.6
Sex 
    Male 79 58 21 0.61 67 12 0.13 74 5 0.88
    Female 88 61 27 66 22 75 13
Grade
    Well 110 82 28 0.21 77 33 <0.01 94 16 0.04
    Poorly 57 37 20 56 1 55 2
T stage
    1 103 72 31 0.73 78 25 0.12 87 16 0.01
    2-4 64 47 17 55 9 62 2
N stage
    0 127 89 38 0.69 100 27 0.82 112 15 0.57
    1-3 40 30 10 33 7 37 3
M stage 
    0 150 112 38 <0.01 119 31 1.00 133 17 0.70
    1 17 7 10 14 3 16 1
Stage
    I 107 75 32 0.72 83 24 0.43 93 14 0.29
    II-IV 60 44 16 50 10 56 4
EGFR 
    Positive 78 50 28 0.17 56 22 0.01 68 10 043
    Negative 75 56 19 67 8 69 6
KRAS 
    Positive 22 15 7 1.00 20 2 0.25 17 5 0.06
    Negative 130 90 40 102 28 119 11

solid growth [10]. This study 
was approved by the institution-
al review board of Pusan 
National University Yangsan 
Hospital.

Immunohistochemistry

Sections were transferred  
to poly-L-lysine-coated glass 
slides. They were dewaxed in 
xylene, rehydrated in ethanol. 
Staining was performed using 
the BondMax autostainer and 
reagents (Vision Biosystems). 
Deparaffinization was perform- 
ed automatically in the auto-
stainer with BondWash solution 
at 72°C for 30 minutes. Slides 
were then incubated with 
Epitope Retrieval Solution 1 
(Leica Microsystems, Wetzlar, 
Germany) for 20 minutes at 
100°C, peroxide block for 5 
minutes, primary monoclonal 
antibody for 15 minutes, post 
primary reagent for 8 minutes, 
and polymer for 8 minutes. YAP 
(polyclonal, Santa Cruz Biotech- 
nology, Santa Cruz, CA), and 
LATS1 (polyclonal, Abcam, Cam- 
bridge, MA) were used as pri-
mary antibodies.

Immunohistochemistry scoring
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of immunohistochemical results related to clini-
copathological parameters. Mann-Whitney test 
was used for continuous variables. Follow-up 
information was also obtained for survival anal-
ysis. Patient survival was calculated as the time 
between operation and death. Patients who 
were still alive at the time of data collection 
were censored in the statistical analyses. The 
cases lost to follow-up or deaths from any other 
cause were defined as censored data for the 
analysis of survival rates. The survival curves 
were plotted using the Kaplan-Meier method, 
and p values were calculated using the log-rank 
test. All statistical analyses were performed on 
a personal computer with the SPSS version 
15.0 statistical package (SPSS, Chicago, IL, 
USA). P value less than 0.05 was regarded as 
statistically significant. 

Results

Patient characteristics

A series of 167 adenocarcinomas has been 
retrieved for the study. They consist of 79 males 

and 88 females, ranging from 37 to 85 years 
old. Mean and median ages were 66.43 and 
66, respectively. Among them, 103 cases were 
T1 stage. T2 and T3 were 57 and 6 cases. T4 
was 1 case. One hundred seven patients had 
no lymph node metastasis while 40 patients 
had metastatic lymph nodes. Sixteen patients 
had metastatic disease in sites other than 
lymph node at the time of diagnosis and regard-
ed as stage 4. The patient characteristics are 
summarized in Table 1.

YAP and LATS expression in pulmonary adeno-
carcinoma

In normal lung, YAP was expressed in type II 
pneumocytes infrequently and the staining was 
observed in nuclei (Figure 1). Bronchial epithe-
lium didn’t express YAP. LATS was not expressed 
in pneumocytes and was expressed in some 
bronchial basal cells (Figure 1). When express- 
ed in adenocarcinoma, cytoplasmic YAP was 
negative or faintly stained in cytoplasm in 119 
cases and was strongly positive in cytoplasm in 

Figure 1. YAP and LATS expression in normal lung. A. YAP is infrequently expressed in type II pneumocytes. B. YAP 
is not expressed in bronchiole. C. LATS is not expressed alveolar pneumocytes. D. LATS is stained in basal cells of 
bronchiole.
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detected in 48 of 167 cases (Figure 2A and 
2B). Nuclear YAP was observed in 34 cases 
(Figure 2C). Four cases showed high expres-
sion of both cytoplasmic and nuclear YAP while 
44 and 30 cases exhibited high expression 
only for nuclei and cytoplasm, respectively. 
Eighty three cases showed negativity or low 
level expression for both locations (Table 2). 
The nuclear expression tended to be expressed 
in well differentiated adencarcinoma showing 
lepidic or acinar growth pattern. The cytoplas-
mic and nuclear expression didn’t exhibit cor-
relation. LATS expression was mainly cytoplas-
mic (Figure 3A). When it is expressed weakly, it 
was stained diffusely across the cytoplasm. 
When it is strongly expressed, its location was 
perinuclear (Figure 3B). Fifty seven cases 
showed cytoplasmic positivity and only 5 cases 

did perinuclear positivity (Figure 3). LATS and 
YAP expression was not related to each other 
(Table 3). 

Survival analysis

Among 167 patients, 13 patents died during 
follow up. Mean and median follow up period 
were 25.9 and 22.0 months. Forty patients 
experienced recurrence, and mean months to 
recur was 15.8. Histologic grade and stage 
were related with disease free survival and 
overall survival. YAP nuclear expression didn’t 
show statistical significance, however, when 
considered in well differentiated histology 
group, YAP nuclear expression showed more 
frequent relapse of cancer (Figure 4). LATS 
expression didn’t show any significance.

Discussion

Hippo pathway is known to be involved in regu-
lation of organ development and maturation. 
YAP which is a transcription coactivator of 
Hippo pathway has been shown to act as an 
oncogene in various human cancers [3]. On 
dephosphorylation, YAP translocates into nuclei 

Figure 2. YAP expression in lung adenocarcinoma. 
A. YAP is weakly expressed in cytoplasm of lung 
adenocarcinoma. B. Strong cytoplasmic YAP ex-
pression is seen. C. Nuclear expression of YAP is 
observed in well differentiated adenocarcinoma.

Table 2. Relationship of nuclear and cytoplas-
mic expression of YAP

Nucleus
Low High

Cytoplasm Low 89 30 0.02
High 44 4
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to activate Hippo pathway transcriptional fac-
tors [3, 4]. The role of Hippo pathway in lung is 
also being discovered. A recent study showed 
that Yap generate airway epithelium and regu-
lates proximal-distal patterning of the develop-
ing lung in mouse [12]. Several studies investi-
gated the role of Hippo pathway molecules in 
lung cancer, especially focusing on YAP [6, 7, 
11, 13]. According to one study, the expression 
of YAP was associated with expression of cell 
cycle markers, cyclin A and MAPK and with 
EGFR amplification in adenocarcinoma [13]. 
Although survival data was not shown, it shows 
that YAP may play as an oncogene in lung ade-
nocarcinoma. LATS is an upstream molecule of 
YAP which phosphoryates YAP, inhibiting it 
translocating into nucleus and generally, LATS 
is regarded as a tumor suppressor gene as its 
name implies. LATS has not been studied as 
extensively while YAP is investigated in various 
cancers including lung cancer. One study 
observed that LATS expression is down-regulat-
ed in mRNA level in lung cancer [14] but very 
hard to find an article examining the expression 
of LATS protein. Hence, we investigated the 
expression of YAP and LATS in lung adenocarci-

noma together. To our best knowledge, this is 
the first study to evaluate both markers simul-
taneously in protein level using immunohisto-
chemistry in lung adenocarcinoma.

We could observe that YAP was expressed in 
both of nucleus and cytoplasm of the tumor 
cells because cytoplasmic YAP is dephosphory-
lated to translocate to nucleus. We expected, 
cytoplasmic and nuclear YAP expressions are 
related inversely to each other so that the 
cases which express nuclear YAP didn’t show 
cytoplasmic YAP. Although not perfectly related, 
74 cases showed inverse relationship which is 
statistically significant. Nuclear expression was 
more frequently observed in well differentiated 
adenocarcinoma which exhibits lepidic, acinar 
and papillary growth pattern. In poorly differen-
tiated adenocarcinomas including solid, micro-
papillary, and cribriform pattern, nuclear 
expression of YAP was not well observed. 
Cytoplasmic expression of YAP was seen in 
both of well differentiated and poorly differenti-
ated adenocarcinomas. In well differentiated 
histology group, nuclear and cytoplasmic YAP 
showed inverse relationship better (P<0.01). 
Subsequently, nuclear YAP expression was 
more frequently observed in adenocarcinomas 
with EGFR mutation as shown in the other 
study [6]. While histologic grading was corre-
lated with better prognosis, nuclear YAP expres-
sion was associated with more frequent cancer 
relapses in well differentiated histology. This 
finding is well consistent with that YAP plays as 
an oncogene. The overall survival was not sig-
nificant, but this may be due to the fact that 
only 5 patients were dead among well differen-

Table 3. Relationship of LATS and YAP expres-
sion

YAP expression
Cytoplasm Nucleus

No. Low High P Low High P
LATS
    Low 149 106 43 1.00 120 29 0.37
    High 18 13 5 13 5

Figure 3. LATS expression in lung adenocarcinoma. A. LATS is weakly expressed in cytoplasm of lung adenocarci-
noma. B. LATS is strongly expressed in perinuclear region.
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tiated adenocarcinoma group. Lung adenocar-
cinoma is notorious for its early recurrence 
even if diagnosed at an early stage and surgi-
cally removed [15, 16]. In one study, 12 of 33 
who had stage I bronchioloalvolear carcinoma 
developed recurrences [16]. Hence, the finding 
that YAP is associated with recurrence in well 
differentiated adenocarcinoma may be applied 
to risk stratification for recurrence and guide 
patient management after surgery. 

The link between EGFR and Hippo pathway has 
been suggested in a few recent studies that 
EGFR regulate Hippo pathway molecules [13, 
17]. One study showed that inhibition of YAP 
reverses the resistance of tyrosine kinase 
inhibitor in lung adenocarcinoma [13]. The 
more frequent nuclear localization of YAP 
expression in well differentiated histology 
group may imply that YAP is downstream mole-
cule activated by EGFR signal in that EGFR is 
more frequently mutated in well differentiated 
adenocarcinoma. These data can support that 
YAP take part in adenocarcinogenesis. Future 
studies can be conducted to investigate its 
functional role in lung adenocarcinoma and 
may help to develop molecules to target YAP in 
therapeutic field.

LATS was frequently expressed in low level in 
cytoplasm of tumor cells. In 18 cases, LATS 
was strongly expressed and its subcellular 
location was perinuclear. This perinuclear 

expression of LATS was also more frequently 
observed in well differentiated histology. We 
expected that LATS expression will exhibit 
inverse relationship with nuclear YAP expres-
sion but they didn’t. LATS perinuclear expres-
sion was more frequently detected in early T 
stage adenocarcinomas but didn’t demonstrate 
any relationship with other clinicopathologic 
factors except histologic grading. The reason 
why LATS expression shows little significances 
with YAP expression or other clinicopathologic 
factors may be explained by following reasons. 
First, we used LATS1 antibody, but actually 
LATS acts by two molecules, LATS1 and LATS2. 
Although LATS1 is known as major molecule, 
LATS2 may attribute to its action [12, 14]. 
Second, actions of LATS seem to be more com-
plicated than YAP involving many downstream 
molecules such as BCL2, cyclinE, cyclinB, and 
p53 besides YAP/TAZ [18]. Because there has 
been no study of LATS expression by immuno-
histochemistry, the perinuclear expression of 
LATS is intriguing new finding. It was postulated 
that LATS can shuffle to nucleus [18]. This find-
ing may explain our observation of perinuclear 
localization of LATS but the meaning of perinu-
clear location of LATS still remains to be 
discovered.

In conclusion, Hippo pathway molecule YAP is 
overexpressed in well differentiated adenocar-
cinoma in lung and may predict relapse of well 
differentiated adenocarcinoma. Furthermore, 

Figure 4. Kaplan-Meier survival curves. A. YAP nuclear expression in well differentiated adenocarcinoma is related 
with shorter disease free survival. B. Its expression was not related with overall survival.
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association of EGFR mutation and nuclear YAP 
overexpression suggest the link of EGFR and 
Hippo pathway and the active role of Hippo 
pathway in lung adenocarcinogenesis.
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