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Correlation of decreased expression of PHLDA1 protein 
with malignant phenotype of gastric adenocarcinoma
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Abstract: Background: Gastric carcinoma is one of the most aggressive malignancies with an extremely poor prog-
nosis. Recent findings suggest decreasing PHLDA1 (pleckstrin-homologylike domain family A, member1) expression 
plays a significant role in inhibiting cell migration and tumor invasion. The clinicopathological significance of the ex-
pression of PHLDA1 in gastric carcinoma remains to be determined. Methods: PHLDA1 protein was investigated by 
immunohistochemistry for the expression status in 336 cases of gastric adenocarcinomas and 60 normal mucosa, 
and then the results were analyzed with the patient’s age, sex, tumor site, size and the histological grade, clinical 
stage as well as overall median survival time. Results: The expression of PHLDA1 protein was obviously decreased 
in 57.1% of gastric carcinomas. Carcinomas with loss of expression of PHLDA1 were significantly corresponding to 
with tumor size (P=0.037), grade (P=0.028), depth of invasion (P=0.001), lymph node metastasis (P=0.008) and 
stage (P=0.001) but not with age (P=0.194), sex (P=0.312), tumor site (P=0.287) and distal metastasis (P=0.331) 
respectively. Follow-up data showed that there was a significant difference in overall median survival time between 
the carcinomas with PHLDA1 negative expression (31.0 months) and those with positive expression (54.0 months) 
(P=0.001). Conclusions: Our findings suggest that the decreased expression of PHLDA1 may play an important role 
in tumor progression, and may become a new adjunct biomarker in the prognosis in gastric carcinoma. A potential 
role for PHLDA1 in the early detection/or therapy of gastric cancer warrants further investigation.
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Introduction

Pleckstrin homology-like domain family A mem-
ber 1 (PHLDA1) gene encodes a 401-amino 
acid protein that comprises a central pleckstrin 
homology domain common to proteins involved 
in intracellular signaling or as constituents of 
the cytoskeleton [1-3], a central polyglutamine 
tract, and 2C-terminal regions rich in proline-
glutamine and proline-histidine repeats. The 
gene is expressed in a wide range of normal 
and cancer tissues [4, 5]. PHLDA1 function var-
ies with cell type and context, with several stud-
ies reporting a proapoptotic [6-9] or antiprolif-
erative role [10]. PHLDA1 expression is induced 
by external stresses such as heat shock [8, 9], 
and may be modulated by insulin-like growth 
factor I (IGF-I) [7] and extracellular-regulated 
kinase (ERK) pathways [9]. The expression of 
PHLDA1 protein was characterized and com-
pared with other proposed markers of intesti-

nal stem cells in the human small and large 
intestine. Sakthianandeswaren et al. [11] found 
the gene has been shown to be coexpressed 
with leucine-rich repeat containing G-protein 
coupled receptor 5 (Lgr5), the previously report-
ed intestinal epithelial stem cells (ISC) in murine 
crypt base cells and further determined that 
the PHLDA1 expression mark the putative epi-
thelial stem cells and contributes to intestinal 
tumorigenesis. PHLDA1 is overexpressed in 
human intestinal tumors of all stages and may 
play a role in cell migration, initially suggested 
by the increased staining and nuclear relocal-
ization of the protein at the invasive front of 
intestinal carcinomas. Accordingly, colon can-
cer cells showed significantly reduced migrato-
ry behavior in response to PHLDA1 suppres-
sion. And in skin tumors, PHLDA1 is recognized 
as the follicular stem cell marker indicating that 
most are basal cell carcinomas and not tricho-
blastomas [12]. The constitutive expression of 
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PHLDA1 protein by nevi in vivo [13] raises the 
possibility that it contributes to the benign 
nature of these tumors, maintaining growth 
regulation and apoptosis sensitivity to loss of 
survival signals provided by keratinocyte neigh-
bors. Therefore, the progressive loss of PHLDA1 

expression with malignant transformation may 
contribute to the loss of these characteristics 
in melanoma. Down-regulation of PHLDA1 pro-
tein has also been reported as a strong predic-
tor of poor prognosis for breast cancer patients 
[4]. Since gastric cancer is the second lead- 
ing cause of cancer-related death worldwide 
[14], and usually its precancerous process 
includes intestinal metaplasia, it is important 
to assess its possible significance according to 
the expression of some intestinal epithelial 
stem cell markers including PHLDA1. There is 
no report evaluating the expression of PHLDA1 
in gastric carcinoma so far. We wonder if 
PHLDA1 is a putative tumor suppressor in gas-
tric cancer and thus the significance of expres-
sion of PHLDA1 protein in gastric adenocarci-
noma needs further explored.

Materials and methods

Biopsy specimens

Paraffin embedded sections of 336 gastric car-
cinomas and 60 distal normal gastric tissues 
were obtained from the Department of 
Pathology, Chinese People’s Liberation Army 
(PLA) General Hospital (Beijing, China) from 
1998 to 2006. Of these patients, 17 were 
grade I, 65 grade II and 254 grade III, according 
to histological grading; 66 were stage I, 77 
stage II, 147 stage III and 46 stage IV, accord-
ing to clinical TNM stage revised by UIAC in 
2003; and 75 were tubular adenocarcinoma 
(well-moderately differentiated adenocarcino-
ma), 32 were mucinous adenocarcinoma, 183 
were poorly differentiated adenocarcinoma, 35 
were signet-ring cell carcinoma, 11 were other 
gastric carcinoma according to histological 
type, respectively. By March, 2008 (the time of 
data analysis), 251 patients were dead, and 85 
patients were alive. The median survival time 
was 36 months (range, 0.17-120 months). 
Ethical approval for this study was not required 
by our institution as the experiments carried 
out did not relate to patient’s privacy, impair-
ment or treatment.

Immunohistochemistry

All samples were fixed in 10% buffered formalin 
and embedded in paraffin. Sections were cut 4 
μm thick from wax blocks, mounted on to APES-
coated glass slides. Slides were deparaffinized 
in xylene twice for 10 min, rehydrated through 
graded ethanols to distilled water before incu-
bation for 10 min with 3% hydrogen peroxidase-
methanol to inhibit endogenous peroxidase 

Figure 1. PHLDA1 expression in normal gastric mu-
cosa tissue. PHLDA1 protein was expressed positive 
diffusely in the cytoplasm and nucleus of in crypt 
base cells that may suggest the putative epithelial 
stem cells (PHLDA1 × 400).

Figure 2. PHLDA1 expression in gastric adenocarci-
noma. PHLDA1 was expressed diffusely in the cyto-
plasm and nucleus of cancer cells (PHLDA1 × 400).

Figure 3. PHLDA1 expression in gastric adenocarci-
noma. Most poorly-differentiated cancer cells were 
negative for PHLDA1 protein (PHLDA1 × 400).
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activity, and heated in Tris/EDTA buffer (pH 8.0) 
in a microwave oven for 5 min at 100°C after 
reaching boiling point for antigen retrieval. Then 
the slides were taken out of microwave oven to 
be cooled at room temperature for 15 min. 
After incubating for 20 min in a blocking solu-
tion containing 10% normal goat serum in PBS, 
sections were incubated at 4°C overnight in a 
humidified chamber with monoclonal mouse 
antibody against human PHLDA1 (Santa Cruz, 
CA, USA) diluted 1:50 in blocking solution. After 
exposure to primary antibody, the sections 
were allowed to react with the poly peroxidase-

anti-mouse/rabbit IgG for 20 minutes by the 
standard non-biotin PV-6000 Polymer De- 
tection System (Zymed Laboratories Inc., South 
San Francisco, CA). The sections were then 
washed in water, counter-stained with Mayer’s 
haematoxylin for one minute at room tempera-
ture, dehydrated, cleaned and finally mounted. 
Paraffin blocks of human breast invasive ductal 
carcinoma tissues were used as the positive 
controls. Negative controls were sections treat-
ed the same as above but with omission of the 
primary anti-body and replaced by 0.01M  
PBS. For immunohistochemical evaluation of 
PHLDA1, cytoplasmic and nucleic labeling of 
tumor cells was classified as positive. In scor-
ing expression of PHLDA1, both the extent and 
intensity of immunopositivity were considered, 
according to Hao et al. [15]. The intensity of 
positivity was scored as follows: 0, negative; 1, 
weak; 2, moderate; 3, strong. The extent of pos-
itivity was scored as follows: 0, <5%; 1, >5-25%; 
2, >25-50%; 3, >50-75%; 4, >75% of the cells in 
the respective lesions. The final score was 
determined by multiplying the intensity of posi-
tivity and the extent of positivity scores, yield-
ing a range from 0 to 12. Scores ≥4 were 
defined as positive expression pattern. Scores 
<4 were recorded as negative expression 
pattern.

Statistical analysis 

Fisher’s exact test, Pearson Chi square’s test, 
Spearman’s correlation coefficient test for 
trends in proportions and Kaplan-Meier meth-
od with Log rank test or Cox Regression meth-
od for univariate or multivariate overall survival 
analysis were used to assess the associations 
between PHLDA1 expression and pathological 
indices. A P<0.05 was considered statistically 
significant.

Results

PHLDA1 expression in normal gastric mucosa 
tissue and gastric carcinoma

PHLDA1 protein was expressed positive dif-
fusely in the cytoplasm and nucleus of in crypt 
base cells that may suggest the putative epi-
thelial stem cells in all sixty normal gastric 
mucosa (Figure 1). In carcinoma, PHLDA1 was 
expressed diffusely in the cytoplasm and nucle-
us of cancer cells in one hundred and forty-four 
out of three hundred and thirty-six cases 

Table 1. The relationship between expression 
of PHLDA1 and clinicopathological features in 
gastric adenocarcinoma

Clinicopathological features
PHLDA1

P
- +

Age
    ≤40 24 10 0.120
    41-65 113 85
    >65 55 49
Sex
    Man 153 121 0.312
    Woman 39 23
Tumor size (cm)
    <4 36 41 0.037
    4-7 119 82
    ≥8 37 21
Tumour stage
    T1 8 15 0.001
    T2 53 50
    T3 110 77
    T4 21 2
Lymph node metastasis
    0 50 61 0.008
    1-6 76 52
    7-15 50 22
    >15 16 9
Distant metastasis
    Negative 181 139 0.333
    Positive 11 5
Grade
    1 5 12 0.028
    2 34 31
    3 153 101
TNM stage
    I-II 67 76 0.0001
    III-IV 125 68
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(42.9%, Figure 2). The expression of PHLDA1 
was negative in 192 (57.1%) cases of carcino-
ma. Most poorly-differentiated cancer cells 
were negative for PHLDA1 protein (Figure 3). 
There was a statistical difference in PHLDA1 
staining between gastric carcinoma and nor-
mal mucosa (P<0.0001). Strong PHLDA1 nucle-
ar staining at the invasive margin could be 
observed.

Relationships between PHLDA1 expression 
and histological grade, clinical stage and 
prognosis

In this group of 336 gastric carcinomas, 
PHLDA1 expression was negatively correlative 
with tumor size (P=0.037), grade (P=0.028), 
depth of invasion (P=0.001), lymph node 
metastasis (P=0.008) and stage (P=0.001), 
but not with age (P=0.194), sex (P=0.312), 
tumor site (P=0.287) and distal metastasis 
(P=0.331) (Table 1). Follow-up data showed 
that there was a significant difference in overall 
median survival time between the carcinomas 
with PHLDA1 negative expression (31.0 
months) and those with positive expressi- 

of PHLDA1 expression remain unknown, the 
loss of PHLDA1 expression may possibly con-
tribute to the development of apoptosis resis-
tance in gastric carcinomas. In this study we 
retrospectively analyzed the relationships 
between the expression of PHLDA1 and clinico-
pathological indicators in 336 Chinese patients 
with gastric cancer. Our results indicated that 
the loss of PHLDA1 expression was correlative 
with the histological degree (P= 0.0001) and 
the clinical stage (P=0.0001). Compared with 
the previous results in colorectal cancer by Sakthian- 
andeswaren et al. [11], in which there was no 
correlation between PHLDA1 staining and ade-
nocarcinoma grade or clinical stage, our differ-
ent results suggest PHLDA1 may play an impor-
tant role in the evolution and development of 
gastric carcinoma. We also found the phenom-
enon of the increased staining and nuclear relo-
calization of the PHLDA1 protein at the invasive 
front of cancer cells, the similar result present 
in colorectal cancer by Sakthianandeswaren et 
al. [11], also suggesting the evidence for a 
novel role for PHLDA1 in cell migration. However, 
the mechanism for the different functions 

Figure 4. Kaplan-Meier survival analysis by PHLDA1 status (n=336). The 
y-axis represnts the percentage of patients; the x-axis, their survival in 
months. The green line represents PHLDA1-positive patients with a trend 
of better survival than the blue line representing PHLDA1-negative patients 
(Log rank=11.232; P=0.001. Overall median survival (OS) time was 54.0 
months for the PHLDA1-positive group and 31.0 months for the PHLDA1-
negative group.

on (54.0months) (Log rank= 
11.232; P=0.001) (Figure 4). 
In the result of multivariate 
analysis by Cox Regression, 
PHLDA1 expression was not an 
independent prognostic factor 
(P=0.220).

Discussion

In mechanism, PHLDA1 is an 
Aurora A substrate [16], Auro- 
ra A directly phosphorylates 
PHLDA1 leading to its degrada-
tion. PHLDA1 also negatively 
regulates Aurora A, by pro-
motes Aurora A degradation, 
thereby triggering a feedback 
loop. The underlying mecha-
nisms by which PHLDA1 upreg-
ulation strongly antagonizes 
Aurora-A-mediated oncogenic 
pathways, therefore revealing 
PHLDA1 degradation as an 
important mechanism by whi- 
ch Aurora A promotes gastric 
malignancy [17-20]. Thus, al- 
though the mechanisms in- 
volved in the down-regulation 
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between nuclear and cytoplasmic pools of 
PHLDA1 still remains to be elucidated. Of inter-
est, the polyglutamine tract in PHLDA1 is a fea-
ture common to several transcription factors, 
suggesting a possible role as a transcription 
factor or coactivator [21]. Follow-up data 
showed that there was a significant difference 
in overall median survival time between the 
gastric carcinoma patients with PHLDA1 nega-
tive expression (31 months) and those with 
positive expression (54 months) (Log rank 
=11.232; P=0.001). Our results are also corre-
sponding to previously published results in 
breast cancer and malignant melanoma [4, 5]. 
It is suggested that PHLDA1 expression might 
be a potential prognostic factor in gastric 
adenocarcinoma.

In conclusion, PHLDA1 protein may play an 
important role in the carcinogenesis, progress 
and prognosis of Chinese gastric carcinoma 
and, PHLDA1 expression detected by immuno-
histochemistry may be a simple and useful 
molecular biomarker to predict the prognosis in 
gastric carcinoma patients. The association 
between PHLDA1 and other important bio- 
markers in gastric cancer development needs 
to be further investigated, from which PHLDA1 
targeting therapy may be applied in gastric can-
cer patients.
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