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Expression of PHF20 protein contributes to good  
prognosis of NSCLC and is associated  
with Bax expression
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Abstract: Background: Recent studies demonstrate that plant homeodomain finger protein 20 (PHF20), which was 
initially described as an immunogenic antigen in glioblastoma, is a putative transcriptional factor, and exhibits 
tumor suppressor activity. However, little is known about its expression and clinical significance in lung cancer. 
Methods: We investigated the expression of PHF20 in 142 cases of NSCLC tissue and 30 cases of normal lung 
tissue by immunohistochemical staining and downregulated PHF20 expression in SPC cell. Results: PHF20 expres-
sion was significantly higher in normal lung tissues than that in NSCLC tissues. The expression of PHF20 in NSCLC 
was significantly correlated with histological grade, p-TNM stage and lymph node metastasis. Moreover, the loss of 
PHF20 expression was associated with short overall survival. We also found that the expression of PHF20 was as-
sociated with Bax expression. Additionally, PHF20 markedly inhibited cell proliferation and invasion. Conclusions: 
PHF20 may play an important role in NSCLC, and may serve as a potential therapeutic target of NSCLC. 
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Introduction

Lung cancer is a common malignancy and is 
the leading cause of cancer deaths worldwide. 
Non-small-cell lung cancer (NSCLC) represents 
80%-85% of lung cancer cases, and the long 
time survival is still unsatisfactory. The accu-
rate molecular mechanism of lung cancer has 
also not fully elucidated. The initiation and pro-
gression of tumor is related to the balance of 
cell proliferation and apoptosis, especially the 
inhibition of apoptosis. Therefore, some apop-
tosis associated proteins may serve as useful 
therapeutic targets of NSCLC.

Plant homeodomain finger protein 20 (PHF20), 
also known as glioma-expressed antigen 2 
(GLEA2), was initially described as an immuno-
genic antigen in glioblastoma [1, 2]. Subsequent 
studies showed that PHF20 was likely a puta-
tive transcriptional factor, and was related to 
tumorgenesis [3]. Autoantibodies against PHF- 
20 was also detected in hepatocellular carci-

noma [4] and meduloblastoma [5], indicating 
its potential association with tumor. However, it 
remains controversial about the function of 
PHF20 in tumor proliferation and invasion. Park 
et al. reported that PHF20 might exhibit puta-
tive tumor suppressor activity by binding to Akt 
and inducing p53 expression at the transcrip-
tion level [6]. Pallasch et al. found that PHF20 
was expressed in 48.4% of glioblastomas, and 
the patients with positive PHF20 expression 
showed prolonged survival [2]. In contrast, 
Zhang et al. found PHF20 could promote NF-κB 
transcriptional activity by interacting with p65 
in a methylation-dependent manner, and 
expression levels of PHF20 were significantly 
associated with pathological tumour grade of 
gliomas [7]. Taniwaki et al. reported that PHF20 
was abundantly expressed both in advanced 
small-cell lung cancers and advanced adeno-
carcinomas [8].

Thus, we think that PHF20 may play dual roles 
as oncogene and tumor suppressor gene in 
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Figure 1. Expression of Plant homeodomain finger protein 20 (PHF20) in normal lung tissue and non-small-cell lung 
cancer (NSCLC). A. High PHF20 expression was observed in the normal bronchial epithelia. B. High PHF20 expres-
sion could also be seen in the normal alveolar epithelial cells. C. The positive staining of PHF20 could be seen in 
lung squamous cell carcinoma. D. The positive staining of PHF20 could be seen in lung adenocarcinoma. E. The 
negative PHF20 expression could be observed in lung squamous cell carcinoma. F. The negative PHF20 expression 
could be observed in lung squamous cell carcinoma.

human oncogenesis, depending on the specific 
tissue involved or the context. Recent studies 

showed PHF20 was a multidomain protein, of 
which the second Tudor domain could recog-
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nize and combine P53. Association with PHF20 
promotes stabilization and activation of P53 by 
diminishing Mdm2-mediated P53 ubiquitylation 
and degradation [9, 10]. Bax is the main apop-
tosis promoter of Bcl-2 family [11]. In 
p53-dependent cell apoptosis, p53 have obvi-
ous promoting effect on the expression of Bax 
[12, 13]. In vitro, knockdown of PHF20 by RNA 
interference could reduce the level of P53 and 
Bax. Moreover, in the p53-null cells, the knock-
down of PHF20 obviously reduces the Bax level 
as in the wild-type p53 cells [9, 10]. 

To examine the clinical significance and biologi-
cal functions of PHF20 in non-small-cell lung 
cancer (NSCLC), we investigated the expression 
of PHF20 in 142 cases of NSCLC tissue and 30 
cases of normal lung tissue by immunohisto-
chemical staining. We also investigated the role 
of PHF20 in regulating the proliferation and 
invasion of lung cancer cells.

Materials and methods

Tissue samples

142 lung cancer samples and 30 normal tis-
sues were obtained from patients who had sur-
gery in the First Affiliated Hospital of China 
Medical University during 2009 to 2011. All of 
the enrolled patients underwent curative surgi-
cal resection without having chemotherapy or 
radiation therapy. Formalin-fixed paraffin-
embedded sections of tissues obtained from 
surgical samples were stained routinely with 
hematoxylin and eosin (H&E). 

Cell culture

Human NSCLC cell lines H1299, H460, H157, 
A549, SPC, LK-2 and one human bronchial epi-
thelium cell line (HBE) were cultured in RPMI-
1640 (Gibco, Invitrogen, NY, USA) supplement-
ed with 10% fetal bovine serum at 37°C in 5% 
CO2. For transfections, cells were seeded in a 
six-well plate 24 h before the experiment.

Immunohistochemical staining

All the resected specimens were fixed with 10% 
neutral-buffered formalin and embedded in 
paraffin blocks. Tissue blocks were cut into 
4-μm slides, deparaffinized in xylene, rehydrat-
ed with graded alcohols, and immunostained 
with anti-PHF20 (Rabbit monoclonal antibody, 
Cell Signaling Technology, USA) and anti-Bax 
(Rabbit monoclonal antibody, Cell Signaling 
Technology, USA).

Sections were stained with a streptavidin-per-
oxidase system (KIT-9710, Ultrasensitive TM 
S-P, MaiXin, China). The chromogen used was 
diaminobenzidine tetrahydrochloride substrate 
(DAB kit, MaiXin, China), slightly counterstained 
with hematoxylin, dehydrated and mounted. 
For the negative controls, the primary antibody 
was replaced with PBS. The sections were 
observed under five random high power fields, 
and 100 cells were counted in each field. The 
staining was scored as follows: positive cells 
≤10% (-); cells staining positive: 11-25% (+), 
26-50 %(++), 51-75% (+++) and ≥76% (++++).

Small-interfering RNA experiment

PHF20 siRNA (sc-76117) was purchased from 
Santa Cruz Biotechnology (Santa Cruz, USA). 
For the siRNA transfection experiments, cells 
were seeded in six-well plate according to man-
ufacturer’s instructions. Twenty-hours later, the 
siRNA was transfected into the cells using 
Lipofectamine RNA iMAX reagent (Invitrogen, 
Carlsbad, CA, USA). Transfected cells were incu-
bated for another 48 h and subjected to vari-
ous analyses. Following transfection, the pro-
tein level was assessed 72 h later by western 
blotting. 

Colony formation assay

Forty-eight hours after siRNA transfection, cells 
were planted into 6-cm cell culture dishes 
(1000 cells per dish) and incubated for 14 days. 
Cells were then stained with Giemsa and the 
number of colonies with more than 50 cells was 
counted.

Cell invasion assay

A 24-well Transwell chamber was used with a 
pore size of 8 μm (Corning, NY, USA) and the 
inserts were coated with Matrigel (BD 
Bioscience) in serum-free medium. Forty-eight 
hours after transfection, cells were trypsinized 

Table 1. PHF20 Expression pattern in normal 
lung tissues and NSCLC tissues

N
PHF20

P-value
Negative Positive

Normal 30 7 (23.3%) 23 (76.7%)
Tumor 142 81 (57.0%) 61 (43.0%) 0.0001
NSCLC, non-small-cell lung cancer; *P<0.05, indicate 
statistical significance.
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and transferred to the upper Matrigel hamber 
in serum-free medium containing 3×105 cells 
and incubated for 16 h. Then the non-invading 
cells on the upper membrane surface were 
removed with a cotton tip, and the cells which 
passed through the filter were fixed with 4% 
paraformaldehyde and stained with hematoxy-

relative protein levels were calculated based on 
GAPDH protein as a loading control.

Statistical analysis

Pearson’s chi-square test was used to analyze 
the relationship between PHF20 expression 

Figure 2. A and B. The protein level of PHF20 in 6 lung cancer cell lines (A549, SPC, H1299, H460, H157 and LK-2) 
and one human bronchial epithelium cell line (HBE).

Table 2. Association of PHF20 expression in NSCLC with clinical 
and pathologic factors

N
PHF20

P-value
Negative Positive

Total 142 81 (57.04%) 61 (42.96%)
Age (years)
    ≤55 56 36 (64.29%) 20 (35.71%)
    >55 86 45 (52.33%) 41 (47.67%) 0.170
Gender
    Male 76 43 (56.58%) 33 (43.42%)
    Female 66 36 (54.55%) 30 (45.45%) 0.866
Histological type
    Squamous cell carcinoma 70 36 (51.42%) 34 (48.58%)
    Adenocarcinoma 72 45 (62.50%) 27 (37.50%) 0.631
Grade
    Well 42 17 (40.48%) 25 (59.52%)
    Moderate -Poor 100 64 (64.00%) 36 (36.00%) 0.015

TNM stage
    I and II 95 48 (50.53%) 47 (49.47%)
    III and IV 47 33 (70.21%) 14 (29.79%) 0.031
Tumor size
    <3 cm 51 27 (52.94%) 24 (47.06%)
    ≥3 cm 81 54 (66.67%) 27 (33.33%) 0.484
Lymph node metastasis
    Yes 75 34 (45.33%) 41 (54.67%)
    No 67 47 (70.15%) 20 (29.85%) 0.004
NSCLC, non-small-cell lung cancer; *p<0.05, indicate statistical significance.

lin. The number of invaded cells 
was counted in 10 randomly 
selected high power fields under 
microscope. Data presented are 
representative of three individu-
al wells.

Western blotting

Total protein from cells were 
extracted in lysis buffer (Pierce, 
Rockford, IL, USA) and quanti-
fied by the Bradford method. The 
same amount of protein was 
separated by 10% SDS-PAGE 
and then electophoretically 
transferred to a PVDF mem-
brane (Millipore, Bedford, MA, 
USA). The membrane was blo- 
cked with 5% dry milk and incu-
bated overnight at 4°C with anti-
bodies against PHF20 (1:500, 
Cell Signaling Technology, USA) 
and GAPDH (1:5,000; Santa 
Cruz Biotechnology, USA). After 
washing, the membrane was 
incubated with a secondary anti-
body for 2 h. Protein bands were 
visualized with the enhanced 
chemiluminescence (Pierce) and 
detected using BioImaging Sys- 
tems (UVP, Upland, CA, USA). The 
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Results

PHF20 expression in normal 
lung and NSCLC tissues

The expression of PHF20 was 
assessed by immunohistoch- 
emistry in 142 NSCLC sam-
ples and 30 adjacent non-can-
cer samples. PHF20 expres-
sion was found in 76.7% (23/ 
30) of normal lung tissues, 
while PHF20 expression was 
found in 43.0% (61/142) of 
NSCLC tissues. In normal lung 
tissues, PHF20 was located in 
the cytoplasm and nuclei of 
the normal bronchial epitheli-
um (Figure 1A) and the alveo-
lar epithelial cells (Figure 1B), 
and the staining was strong 
and constant. In contrast, 
PHF20 immunostaining in can-
cer cells was frequently 
reduced compared with the 
adjacent normal tissue (Figure 
1C, 1F). As summarized in 
Table 1, NSCLC showed a sig-
nificantly lower PHF20 expres-

Figure 3. Survival curves of patients with positive and negative PHF20 
expression. The patients with PHF20 expression have a better prognosis 
(P<0.05).

and the clinicopathological factors. McNemar’s 
test was used to compare PHF20 expression in 
normal lung and lung cancer tissues. Spear- 
man’s correlation coefficient (r) was used to 
find out the correlation between the expres-
sions of PHF20 and Bax. The t test was used to 
analyze the results of western blot. SPSS sta-
tistical software package version 13.0 (SPSS 
Inc., Chicago, IL, USA) was used for all analy-
ses. P values of <0.05 were considered statisti-
cally significant.

sion in NSCLC tissues than normal tissues 
(P<0.05).

Western blot study demonstrated that expres-
sion of PHF20 protein in lung cancer cell lines 
(SPC, A549, H1299, H157, H460, LK2) was sig-
nificantly lower than that in human bronchial 
epithelium cell line (HBE, P<0.05, Figure 2). 

Relationship between the expression of PHF20 
and the clinicopathological factors in NSCLC

We analyzed the relationship between PHF20 
expression and the clinicopathologic factors. 
As described in Table 2, PHF20 expression was 
significantly correlated with differentiation 
(P=0.015), pTNM stage (P=0.031) and nodal 
status (P=0.004). No significant difference was 
observed in age, gender, and tumor size. 

Furthermore, we also analyzed the relationship 
of PHF20 expression to the overall survival 
rate. The result showed that the overall survival 
was significantly higher in patients with PHF20 
positive expression than in patients with PHF20 
negative expression (P=0.035, Figure 3). That 

Table 3. Multivariate analysis for predictive 
factors in patients with NSCLC (Cox regres-
sion model)
Factor P-values RR 95% CI
Gender 0.316 0.624 0.248-1.569
Age 0.345 0.678 0.302-1.520
Histology 0.617 1.241 0.532-2.896
Tumor status 0.299 0.567 0.194-1.653
Nodal status 0.024 2.825 1.144-6.973
PHF20 0.202 0.595 0.268-1.321
CI, confidence interval; NSCLC, non-small-cell lung can-
cer; RR, risk ratio.
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Figure 4. Effects of PHF20 on the proliferation of NSCLC cell lines. A. 
Colony formation assay indicated that PHF20 down-regulation mark-
edly promoted proliferation in SPC cells. B. Columns, mean for three 
experiments; bars, SD (P<0.05).

Figure 5. Effects of PHF20 on the invasion of NSCLC cell lines. A. Tran-
swell assay indicated that knockdown of PHF20 in SPC cells greatly 
promoted tumor cell invasion. B. Graphs show the number of cells in-
vaded through the transwell after 16 h of incubation. The number of 
invaded cells was counted in 10 randomly selected high power fields 
under microscope. Columns, mean for three experiments; bars, SD 
(P<0.05).

is, the patients with PHF20 expres-
sion have a better prognosis. Mul- 
tivariate survival analysis revealed 
that the nodal status of the tumor 
was the significant and indepen-
dent prognosticator (P=0.024; Cox 
regression model, Table 3).

PHF20 inhibited the proliferation 
of lung cancer cells

We down-expressed PHF20 in SPC 
cell, the protein levels of PHF20 
were significantly down regulated 
compared with control empty vec-
tor. By colony formation assay, 
silence of PHF20 in SPC cells by 
siRNA knockdown led to a signifi-
cant increase (control versus 
PHF20 siRNA, 95±6 versus 165±7, 
P=0.004) in colony numbers as 
well as sizes (Figure 4).

PHF20 inhibited the invasion of 
lung cancer cells

To address the impact of PHF20 on 
NSCLC cell invasion, we performed 
matrigel invasion assay. As shown 
in Figure 5, PHF20-depleted SPC 
cells showed significantly stronger 
invasion ability (control versus PH- 
F20 siRNA, 64±6 versus 105±6, 
P=0.0038) compared with control 
siRNA transfected cells.

Relationship between the expres-
sions of PHF20 and Bax in NSCLC

The relationship between the ex- 
pressions of PHF20 and Bax in 
NSCLC is shown in Table 4. A posi-
tive correlation was found between 
PHF20 and Bax (P=0.001, Figure 
6). 

Discussion

It still remains unclear that PHF20 
plays a role as oncogene or tumor 
suppressor gene in tumorgenesis. 
Some studies reported that PHF20 
could inhibit the tumorigenicity by 
inducing apoptosis. PHF20 could 
promote stabilization and activa-

Table 4. Relationship between the expressions of PHF20 and 
Bax in NSCLC

Bax
PHF20

N
Correlation

P-value
Positive Negative Coefficient(rs)

Positive 61 22 83 0.56 0.001
Negative 20 39 59
NSCLC, non-small-cell lung cancer; *P<0.05, indicate statistical significance.
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Figure 6. Expression of PHF20 and Bax in serial sections of NSCLC. PHF20 expression in squamous cell carcinoma 
(A) and adenocarcinoma (C) was positively related to Bax expression in squamous cell carcinoma (B) and adeno-
carcinoma (D).

tion of p53 by diminishing Mdm2-mediated 
P53 ubiquitylation and degradation [9, 10]. 
PHF20 gene was located in chromosome 
20q11, in which high-level loss of heterozygos-
ity was often detected [14], indicating PHF20 
might be a potential tumor suppressor gene. 
Bankovic et al. examined genomic instability in 
30 patients with non-small-cell lung cancer 
(NSCLC) by comparing DNA fingerprints of 
paired tumor and normal tissues using arbi-
trarily primed polymerase chain reaction. The 
results indicated that PHF20 gene alteration 
was present in 8 out of 30 (26.7%) NSCLC sam-
ples. Moreover, PHF20 DNA alteration was 
more observed in tumors of grade 1, stage 1 
and without lymph node invasion, and was also 
associated with poor prognosis [3]. In contrast, 
other studies indicated that PHF20 might func-
tion as an oncogene. Zhang et al. reported 
PHF20 could promote NF-κB transcriptional 
activity, and expression levels of PHF20 were 
significantly associated with pathological 
tumour grade of gliomas [7]. 

So, PHF20 may play different roles in human 
oncogenesis depending on the specific tissue 
or the context. In addition, little is known about 
the expression, clinical significance, potential 
function and mechanism of PHF20 in NSCLC. In 
the current study, we found PHF20 was posi-
tively expressed in 76.7% of the normal lung tis-
sues (n=30) but only expressed in 43.0% of the 
lung cancer samples (n=142). The expression 
level of PHF20 in normal bronchial epithelium 
and alveolar epithelial cells was significantly 
higher than the expression level in cancer cells. 
Our result demonstrated that down-regulation 
of PHF20 might involve tumorgenesis of NSCLS. 
Our study also showed PHF20 expression was 
significantly correlated with differentiation 
(P=0.015), pTNM stage (P=0.031) and nodal 
status (P=0.004). That is PHF20 was more 
often expressed in well differentiated tumors 
with I and II TNM stage and without lymph node 
metastasis. Importantly, although multivariate 
survival analysis revealed that PHF20 expres-
sion was not independent prognosticator, we 
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found that the loss of PHF20 expression was 
associated with short overall survival in NSCLC 
patients. In contract, Taniwaki et al. reported 
that PHF20 was abundantly expressed both in 
advanced small-cell lung cancers and advanced 
adenocarcinomas [8].

We think that the different statistic analysis 
and the limited sum of specimens might lead to 
the different result. Next, we further investigate 
the role of PHF20 in regulating the proliferation 
and invasion of lung cancer cells. Colony forma-
tion assay showed that the depletion of PHF20 
in SPC cells led to a significant increase in colo-
ny numbers. Moreover, matrigel invasion assay 
showed that depletion of PHF20 also signifi-
cantly induced invasion compared with control 
empty vector in lung cancer cells. These results 
demonstrated that loss of PHF20 expression 
can promote the colony formation and invasion 
in lung cancer. Taken together, these results 
indicated PHF20 might be a candidate tumor 
suppressor and loss of PHF20 expression was 
useful for predicting the poor prognosis of 
NSCLC patients.

Recently, PHF20 reportedly could inhibit cell 
proliferation through inducing cell apoptosis 
mediated by p53 [9, 10]. Bax is the main apop-
tosis promoter of Bcl-2 family, and could be 
affected by p53 in cell apoptosis [11]. Cui et al. 
reported that knockdown of PHF20 could 
reduce the level of p53 and Bax in HCT 116 
cells [9]. Moreover, in the p53-null cells, the 
knockdown of PHF20 could obviously reduce 
the Bax level as in the wild-type p53 cells. 
Therefore, it could be observed that PHF20 
inhibits cell proliferation, DNA synthesis, and 
cell survival. So far reduced PHF20 expression 
was found in many cancers including NSCLC 
[16-20]. In our study, expression of PHF20 was 
significantly related to the Bax expression. 
These results indicated that loss of PHF20 
might induce down-regulation of Bax, and then 
induce cell proliferation of NSCLC. 

Collectively, the present study identified PHF20 
as a candidate tumor suppressor which was 
down-expressed in NSCLC. The expression of 
PHF20 in NSCLC was significantly correlated 
with p-TNM stage, lymph node metastasis, dif-
ferentiation and overall survival. Moreover, the 
expression of PHF20 in NSCLC was positively 
associated with Bax expression. These results 
strongly indicate that PHF20 may play an impor-

tant role in NSCLC and PHF20 might serve as a 
candidate target protein for future therapeutics 
of NSCLC. In addition, PHF20 may function in 
NSCLC through associating with Bax.
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