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Expression of APPL1 is correlated with  
clinicopathologic characteristics and poor 
prognosis in patients with gastric cancer
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ABSTRACT

Background  Although appl1 is overexpressed in many cancers, its status in gastric cancer (gc) is not known. In 
the present study, we used relevant pathologic and clinical data to investigate appl1 expression in patients with gc.

Methods  In 47 gc and 27 non-gc surgical specimens, immunohistochemistry was used to detect the expression 
of appl1, and reverse-transcriptase polymerase chain reaction (rt-pcr) was used to detect messenger rna (mrna). A 
scatterplot visualized the relationship between survival time and mrna expression in gc patients. The log-rank test 
and other survival statistics were used to determine the association of appl1 expression with the pathologic features 
of the cancer and clinical outcomes.

Results  In gc, appl1 was expressed in 28 of 47 specimens (59.6%), and in non-gc, it was expressed in 7 of 23 specimens 
(30.4%, p < 0.05). The expression of mrna in gc was 0.82 [95% confidence interval (ci): 0.78 to 0.86], and in non-gc, 
it was 0.73 (95% ci: 0.69 to 0.77; p < 0.05). Immunohistochemistry demonstrated that, in gc, appl1 expression was 
correlated with depth of infiltration (p = 0.005), lymph node metastasis (p = 0.017), and TNM stage (p = 0.022), but not 
with pathologic type (p = 0.41). Testing by rt-pcr demonstrated that, in gc, appl1 mrna expression was correlated 
with depth of infiltration (p = 0.042), lymph node metastasis (p = 0.031), and TNM stage (p = 0.04), but again, not with 
pathologic type (p = 0.98). The correlation coefficient between survival time and mrna expression was –0.83 (p < 0.01). 
Overexpression of appl1 protein (hazard ratio: 3.88; 95% ci: 1.07 to 14.09) and mrna (hazard ratio: 4.23; 95% ci: 3.09 
to 15.11) was a risk factor for death in patients with gc.

Conclusions  Expression of appl1 is increased in gc. Overexpression is prognostic for a lethal outcome.
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INTRODUCTION

Gastric cancer (gc) is the second most common cancer 
worldwide1. In many countries in Asia, particularly Chi-
na, gc is still a significant health issue even though its 
incidence has been decreasing annually since the mid-
1990s2. At 30.1 per 100,000, the mortality rate in China is 
the highest in Asia3. Early diagnosis is more likely to result 
in a successful surgical intervention than is a diagnosis 
made when metastasis is present4,5. Unfortunately, early 
diagnosis presents difficulties6 because the “key” molecule 
or molecules for gc have not been identified.

The protein appl1 (adaptor protein containing ph 
domain, ptb domain, and leucine zipper motif 1) partici-

pates in the cell-signal pathway and interacts with follicle-​
stimulating hormone receptor7, dcc (“deleted in colorectal 
cancer”)8, Rab5a9, and Akt210. It has been shown that appl1 
is overexpressed in some carcinomas such as lung cancer11, 
breast cancer12, and ovarian cancer9. However, the expres-
sion of appl1 in gc is unknown.

METHODS

Patients
The trial group consisted of patients with gc (27 men, 20 
women; mean age: 57.7 ± 6.4 years) who underwent surgi-
cal gastric resection between January 2005 and December 
2007 at the Chinese People’s Liberation Army (pla) 309 
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Hospital, Beijing, China. The patients had not received 
chemotherapy, radiotherapy, antibiotics, or nonsteroidal 
anti-inflammatory drugs before surgery. A control group 
(14 men, 9 women; mean age: 38.3 ± 5.8 years) also under-
went gastric resection, but for noncancerous diseases, at 
the Chinese pla 309 Hospital.

All patients were reviewed annually after their oper-
ations. Duration of follow-up for both groups was 5 years. 
Should a patient’s survival duration exceed 5 years, that 
survival was treated as 5 years.

Ethics
All experimental procedures were approved by the ethics 
committee of Chinese pla 309 hospital in accordance with 
the Declaration of Helsinki. Written informed consent was 
obtained from all patients. Consent included the use of 
resected gastric samples for the study.

Immunohistochemistry

Dehydration
Specimens were cut to 4 μm thickness, placed in an incu-
bator at 60°C for an hour, and then dewaxed in xylene for 20 
minutes. The specimens were then dehydrated by inserting 
them into containers containing declining concentrations 
of ethanol (100%, then 95%, 85%, and 75%) for 5 minutes 
at each concentration. The specimens were then washed 
for 20 minutes in running water.

Washes
At the end of the dehydration process, the sections were 
boiled in edta (pH  9.0) for 3 minutes, then rinsed with 
distilled water, and subsequently washed in phosphate-​
buffered saline (pbs, pH 7.2) for 3 minutes. This procedure 
was repeated twice.

Antibody Staining Procedures
Every section was blocked with 5 μL endogenous peroxidase 
for 10 minutes at room temperature. After blocking, the 
slides were washed in pbs 3 times for 3 minutes each time. 
The slides were then further blocked with 5 μL nonimmune 
goat serum for 10 minutes at room temperature, followed 
again by a wash in pbs 3 times for 3 minutes each time.

The sections were then incubated with 50 μL appl1 anti-
body (SRP06369: Hufeng Bio-technology, Shanghai, P.R.C.) 
at room temperature for 60 minutes. After incubation, the 
slides were washed in pbs 3 times for 3 minutes each time. A 
second incubation with 50 μL polyperoxidase–anti-mouse/
rabbit immunoglobulin G (Invitrogen Bio-technology, Beijing, 
P.R.C.) at room temperature for 10 minutes was followed by a 
pbs wash that was repeated 3 times for 3 minutes each time. 
The final incubation consisted of 50 μL streptavidin–biotin–
peroxidase (Invitrogen Bio-technology) at room temperature 
for 10 minutes. At the end of the procedure, the slides were 
again washed in pbs 3 times for 3 minutes each time.

Section Staining
Every section was then visualized with 100 μL diaminoben-
zidine stain (Shanghai Kaibo Bio-technology, Shanghai, 
P.R.C.) for 5 minutes. Afterwards, the slides were washed 
in running water. The sections were then counterstained 

with hematoxylin and progressively dehydrated with 
sequentially increasing ethanol solution (75%, followed 
by 85%, 95%, and 100%). At the end of the procedure, the 
slides were covered with resinene.

Reverse-Transcriptase Polymerase Chain Reaction
The appl1 and beta-actin primer sequences were designed 
using Software5.0 (Shenggong Bio-technology, Shanghai, 
P.R.C.):

■■ appl1: 
5′-CATCCAGAAAGAAACAACACCA-3′ (forward) 
5′-CATTAAGGTATCCAGCCTTTCG-3′ (reverse)

■■ Beta-actin: 
5′-TGACGTGGACATCCGCAAAG-3′ (forward) 
5′-CTGGAAGGTGGACAGCGAGG-3′ (reverse)

Gastric tissue was pulverized on ice and rna was 
extracted by the Trizol method (Boston Biomedical, 
Cambridge, MA, U.S.A.) according to the manufacturer’s 
instructions. The OneDrop OD-1000+ spectrophotometer 
(OneDrop, Nanjing, P.R.C.) was used to measure rna con-
centration and purity. The rna was then pretreated with 
rnase-free dnase and used for complementary dna synthe-
sis primed with random hexamers by using PrimeScript RT 
Master Mix kits (Takara Bio-technology, Dalian, P.R.C.). The 
total mixture volume for reverse-transcriptase polymerase 
chain reaction (rt-pcr) was 25 μL. These steps were used: 
95°C for 3 minutes for pre-​denaturation, followed by 30 
cycles that included denaturation at 94°C for 30 seconds, 
annealing at 56°C for 30 seconds, and extension at 72°C for 
30 seconds. A final extension at 72°C for 10 minutes was 
followed by storage at 4°C.

Immunohistochemistry Scoring
Scoring for appl1 protein expression was performed us-
ing previously reported protocols13,14. The density scores 
ranged from 0 to 3: 0, no staining; 1, weak staining; 2, 
moderate staining; and 3, strong staining. The percentage 
of stained cells ranged from 0 to 4: 0, fewer than 5%; 1, 
5%–25%; 2, 26%–50%; 3, 51%–75%; and 4, more than 75%. 
The final score for a section was the density score multiplied 
by the percentage score. A result less than 8 was considered 
negative; a result of 8 or greater was considered positive. 
Each section was evaluated by 2 investigators blinded to 
the clinical status of the patient. The scores were accepted 
if both investigators agreed on the values. In the event of 
disagreement, a 3rd investigator acted as a tiebreaker to 
decide the result.

PCR Product Analysis
The appl1 and beta-actin pcr products (2 μL per sample) 
were electrophoresed in 1.5% agarose gel at 100 V for 60 
minutes. After electrophoresis, a photo of the gel was taken, 
and the relative expressions of appl1 and beta-actin were 
analyzed using gel software (Gel-Pro analysis software, 
version 5.0: Media Cybernetics, Rockville, MD, U.S.A.).

Statistical Analysis
All statistics were analyzed using the IBM SPSS Statistics 
software application (version  19.0: IBM, Armonk, NY, 
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U.S.A.). Chi-square tests, Fisher exact tests, and t-tests 
were used. The correlation between messenger rna (mrna) 
expression and survival time was also determined, and 
scatterplots were produced. Survival curves were con-
structed using the Kaplan–Meier method. Hazard ratios 
were calculated by log-rank test, with the prognostic out-
come determined using Cox models. A p value less than 
0.05 was considered statistically significant.

RESULTS

Immunohistochemistry
Staining for appl1 was found mostly in cytoplasm and the 
cell membrane. The colour was yellowish-brown. Of the 
23 non-gc specimens, 7 were positive (30.4%); of the 47 
gc specimens, 28 were positive (59.6%, p < 0.05; Table  i, 
Figure 1).

Reverse-Transcriptase Polymerase Chain Reaction
After appl1 mrna for gc and non-gc specimens was exam-
ined by rt-pcr, expression in gc specimens was 0.82 [95% 
confidence interval (ci): 0.78 to 0.86], and expression in 
non-gc specimens was 0.73 (95% ci: 0.69 to 0.77; p < 0.01; 
Table ii, Figure 2).

Association of APPL1 Protein and mRNA Expression 
with Clinicopathologic Outcomes in GC
The expression of appl1 protein in gc specimens was cor-
related with depth of infiltration (p = 0.005), lymph node 
metastasis (p = 0.017), and TNM stage (p = 0.022), but not 
with pathologic type (p = 0.41). Expression of appl1 mrna in 
gc specimens was similarly correlated with depth of infil-
tration (p = 0.042), lymph node metastasis (p = 0.031), and 
TNM stage (p = 0.04), but not with pathologic type (p = 0.98). 
Age and sex were nonsignificant factors (p > 0.05, Table iii).

Association of APPL1 Protein and mRNA Expression 
with Overall Survival in GC
Using appl1 protein expression, patients with gc were 
divided into two groups: positive and negative. Survival 
duration in the positive group was 23.2 ±  11.2 months; 
in the negative group, it was 32.1 ± 18.2 months (p < 0.05, 
Figure 3, Table iv).

The correlation coefficient for scatterplot of survival 
time versus appl1 mrna for the 47 patients with gc was 
–0.83 (p < 0.01, Figure 4).

Analysis of GC Prognosis
A Cox model showed that expression of appl1 (protein hr: 
3.88; 95% ci: 1.07 to 14.09; mrna hr: 4.23; 95% ci: 3.09 to 
15.11), TNM stage (hr: 1.82; 95% ci: 1.03 to 3.24), depth of 

infiltration (hr: 2.75; 95% ci: 1.20 to 6.21), and lymph node 
metastasis (hr: 3.07; 95% ci: 1.24 to 7.61) were risk factors. 
Age, sex, and pathologic type were not independent risk 
factors in gc patients (Table v).

DISCUSSION

The mechanism of gc involves the interaction of many 
genes. It has been found that the MMP915, COX216, c-Myc17 
genes are upregulated, and the CDKN2A (formerly p16)18 
and TP5319 genes are downregulated. Here, we focused on 
changes in appl1 expression in gc and the relationships of 
appl1 and associated clinicopathologic characteristics with 
clinical prognosis.

In our study, appl1 protein and mrna were expressed in 
both gc and non-gc specimens. However, the expression of 
appl1 protein in gc specimens was, at 59.6%, significantly 
higher than it was in non-gc specimens (30.4%, p = 0.042). 
Expression of appl1 mrna was also higher in gc than in 

TABLE I  Expression of APPL1 by immunohistochemistry in the study 
groups

Gastric
cancer

APPL1 expression (n) p
Value

Positive Negative

Yes 28 19 0.042

No 7 16

FIGURE 1  Immunohistochemical staining in resected specimens 
from patients with and without gastric cancer (GC). Yellowish-brown 
APPL1 staining was found mostly in cytoplasm and the cell mem-
brane. (A) Strong, (B) moderate, (C) weak, and (D) lack of staining in 
specimens from patients with GC. (E) Strong, (F) moderate, (G) weak, 
and (H) lack of staining in specimens from patients without GC. 200× 
original magnification.
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non-gc specimens (p = 0.009). Those results were similar 
to findings previously reported in prostate cancer20 and 
breast cancer12.

The Akt pathway is important to the occurrence 
of gc21. Experiments have shown that appl1 enhances 
Akt phosphorylation by competitive-inhibition against 
TAS2R13 (formerly TRB3)22,23. Concurrently, appl1 ac-
tives the Akt pathway by acting as a scaffold protein that 
interacts with GIPC1, one of GIPC family members24. 
After phosphorylation, Akt phosphorylates the activated 
Cdc42-associated kinase 1, induces reactions in cells, and 
promotes tumour growth25. The activation of glycogen 
synthase kinase 3β, which depends on the Akt pathway, 
impedes cell apoptosis in gc26. Activated nuclear factor κB 
plays a critical role in angiogenesis, which is involved in 
carcinogenesis27, and appl1 regulates the basal activity of 
nuclear factor κB by modulating the stability of nuclear 
factor κB–inducing kinase28.

The greater the expression of appl1, the deeper the 
infiltration by tumour. In specimens from patients with 

lymph node metastasis, appl1 expression was 76.9%; it 
was 38.1% in patients with no lymph node metastasis (p = 
0.017). That observation suggests that expression of appl1 
has a role in tumour infiltration and metastasis. By chang-
ing the phosphorylation site of RAF1, appl1 activates the 
mapk/erk cell-signal pathway29. The mapk/erk pathway 
promotes tumour cell proliferation and suppresses tumour 
cell apoptosis30. The mapk/erk pathway activates many 
oncogenes—for example, COX231. The activated oncogenes 
can induce angiogenesis with consequent infiltration and 
metastasis32 and can inhibit apoptosis by inhibiting TP5333. 
Kim et al. found that RAB5A (formerly RAB5) acting through 
appl1 mediation induced dysfunction of endosomes34. 
Recent studies showed that activation of RAB5A was a 
significant event in maintaining the dynamics of focal 
cellular adhesions, influencing not only cell migration, but 
also tumour cell invasion35.

In the present study, we found that survival du-
ration was shorter in the group of patients positive for 
the appl1 protein than in those who were negative (23.2 
± 11.2 months vs. 32.1 ± 18.2 months, p < 0.05). We also 
found that higher levels of appl1 mrna expression were 
associated with shorter survival duration. A Cox model 
showed that appl1 expression was a risk factor for death. 
A systematic review and meta-analysis showed that high-
er levels of epidermal growth factor receptor predict for 
a poor prognosis in gc patients36. Lee et al.37 found that 
overexpression of appl1 enhances the stability of epider-
mal growth factor receptor in HeLa cells; appl1 depletion 
by small interfering rna reduces the epidermal growth 
factor receptor concentration.

In vitro studies have revealed that, in pancreatic can-
cer, intracellular expression of appl1 is upregulated after 
irradiation. Depletion of appl1 protein by small interfering 
rna enhances the sensitivity of cancer cells to X-rays, lead-
ing to an increased number of residual dna double-strand 
breaks38. Whether targeting appl1 protein would have the 
same effect in gc cells remains an area of investigation.

SUMMARY

In the present study, expression of appl1 protein and mrna 
were upregulated in gc. The expression of appl1 in gc was 
found to be statistically associated with depth of infiltra-
tion, lymph node metastasis, and TNM stage, but not with 
pathologic type. Overexpression of appl1 predicts poor 
prognosis for gc patients, making appl1 a novel molecular 
marker for gc.
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TABLE II  Relative expression by RT-PCR of APPL1 messenger RNA in 
tissue from study patients

Gastric
cancer

Relative expression of APPL1 p
value

Mean 95% CI

Yes 0.82 0.78 to 0.86 0.009

No 0.73 0.69 to 0.77

RT-PCR  = reverse-transcriptase polymerase chain reaction; CI  = 
confidence interval.

FIGURE 2  Relative expression of APPL1 messenger RNA in specimens 
from patients with and without gastric cancer (GC) [with: 0.82; 95% 
confidence interval (CI): 0.78 to 0.86; without: 0.73; 95% CI: 0.69 to 
0.77]. (A) Reverse-transcriptase polymerase chain reaction: (1,3) non-
GC specimens; (2,4) GC specimens. (B) Relative expression was higher 
in GC specimens than in non-GC specimens (p < 0.01).
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TABLE III  Association of APPL1 protein and messenger RNA (mRNA) expression with clinicopathologic characteristics of gastric cancer

Parameter APPL1 protein p
Value

APPL1 mRNA p
ValuePositive Negative Mean

Sex

Men 18 9 0.395 0.81 0.489

Women 10 10 0.84

Age

<50 Years 5 4 0.917 0.80 0.567

≥50 Years 23 15 0.83

Depth of infiltration

Mucosa and submucosa 1 4 0.005 0.73 0.042

Muscle and subserosa 8 11 0.79

Extraserosal 19 4 0.87

TNM stage

I 1 3 0.022 0.73 0.040

II 4 8 0.78

III 8 5 0.84

IV 15 3 0.86

Lymph node metastasis

No 8 13 0.017 0.76 0.031

Yes 20 6 0.85

Pathologic type

Adenocarcinoma 16 6 0.410 0.81 0.981

Unidentified carcinoma 1 1 0.79

Adenosquamous carcinoma 9 9 0.83

Carcinoid 0 1 0.80

Undifferentiated carcinoma 2 2 0.79

FIGURE 3  Kaplan–Meier survival curves in for 47 patients with gastric 
cancer. Survival duration was shorter in the group positive for APPL1 
than in the negative group (p < 0.05).

TABLE IV  Association of APPL1 protein expression with overall survival 
gastric cancer (log-rank test)

APPL1
expression

Unadjusted
cases

Censored Adjusted
cases

Log-rank
p value

No 19 4a 15 0.04

Yes 28 3b 25

a	� Treatment team lost contact with 1 patient at postoperative 
month 28; 3 patients survived for more than 5 years.

b	� Treatment team lost contact with 2 patients at postoperative 
month 22 and month 31; 1 patient survived for more than 5 years.
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