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Objective: To investigate the expression of tumor suppressor protein ASKI-interacting
protein-1 (AIP1) in cancer tissues of patients with early-stage non-small cell lung cancer
(NSCLC) and its correlation with tumor progression, tumor angiogenesis and prognosis.
Methods: A total of 136 patients with stage I NSCLC who underwent radical resection of
lung cancer in Qianfoshan Hospital of Shandong Province from January 2011 to
December 2011 were enrolled. Immunohistochemistry was used to detect AIP1 protein in
tumor tissues. Vascular endothelial CD34 immunohistochemical staining was used to count
intratumoral microvessel density (MVD). SPSS 19.0 software was used to analyze the
relationship between AIP1 protein expression and clinicopathological features, tumor angio-
genesis and prognosis.

Results: Low expression of AIP1 was more common in tumor tissues with high MVD, and
patients with low expression of AIP1 were more likely to have tumor recurrence.
Multivariate analysis showed that low expression of AIP1 had predictive value for overall
survival, disease-free survival, and disease-specific survival.

Conclusion: Downregulation of AIP1 protein expression is associated with lung cancer
progression, tumor angiogenesis and poor prognosis. Consequently, AIP1 may prove to be an
important predictor of recovery from lung cancer and could become a new therapeutic target
for lung cancer treatment.
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Introduction

Lung cancer currently has the highest incidence and mortality of any cancer in
China." In recent years, with the application of high-resolution computed tomo-
graphy (CT), the detection of early lung cancer has gradually increased.””
However, in clinical work it has been found that different patients have very
different prognoses after surgery or/and corresponding treatment, even if the patho-
logical type and staging are the same,”’ so the current clinical application of the
staging criteria does not fully or accurately reflect the prognosis of lung cancer
patients, and is also not conducive to individualized treatment of the disease.® As
a result, it has been found that high-risk factors of lung cancer recurrence can guide
the subsequent individualized treatment of lung cancer and thus become a useful
supplement to the current stage of lung cancer and improve patient prognosis.
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In recent years, with developments in molecular biol-
ogy, some newly discovered molecular indicators have
been applied to detect tumors, predict prognosis, and
judge tumor progression and response to treatment.” '
AIP1, also known as disabled homolog 2 interacting pro-
tein (DAB2IP), is a new member of the Ras GTPase
activating protein (Ras-GAP) family, which acts to inhibit
Ras-dependent mitosis.'? In addition, as a signal adapter,
AIP1 inhibits tumor production through the TNFo/NF-kB,
WNT/B-catenin, PI3K/AKT,

pathways.'® Recent studies have shown that AIPI is sig-

and androgen receptor
nificantly associated with tumor angiogenesis.'*"'” Many
types of tumors have low expression of AIP1,'* 2! includ-
ing lung cancer.”®> AIP1 protein deficiency in mice with
knockout of the AIP1 gene greatly enhances epithelial cell
migration and angiogenesis.”> Tumor angiogenesis is an
early event in lung cancer. Tumor angiogenesis occurs
early in the onset of cancer and is a necessary condition
for deterioration and metastasis of malignant tumors; con-
sequently, it is an important factor in tumor treatment
resistance.”**> As an angiogenesis inhibitor, the AIPI
protein has attracted more and more attention in inhibiting
tumor angiogenesis.”'**?° However, to the best of our
knowledge, the relationship between AIP1 protein and
angiogenesis has not been elucidated in non-small cell
lung cancer (NSCLC). The potential significance of AIP1
protein as an independent prognostic factor in NSCLC has
not been systematically studied. Therefore, we designed
this experiment to evaluate the expression level of AIP1
protein in tumor tissues of patients with early NSCLC, to
explore its relationship with clinicopathological features,
tumor angiogenesis and prognosis, and to determine its
independent predictive effect on the long-term prognosis
of cancer patients.

Patients and Methods

A total of 136 patients treated between January and
December 2011 in Qianfoshan Hospital of Shandong
Province were enrolled in this study, consisting of 93
males and 43 females, aged 40—75 years. Inclusion criteria
were: preoperative PET-CT assessment of regional lymph
nodes and distant organ metastasis, complete tumor resec-
tion (lobectomy), and regional lymph node dissection;
postoperative pathology without regional lymph node
metastasis, T stage T1-T2a (International Union Against
Cancer (UICC) 8th Edition TNM staging of lung cancer);
pathological type was non-small cell lung cancer; no pre-
operative or postoperative adjuvant therapy was performed

before tumor recurrence. Exclusion criteria were: loss to
follow-up after discharge; death due to perioperative com-
plications. Tissue samples from patients with NSCLC and
adjacent histologically normal tissue samples were
acquired from these patients. This study was approved by
the Ethics Committee of Qianfoshan Hospital of Shandong
Province and has been performed in accordance with the
ethical standards as laid down in the 1964 Declaration of
Helsinki and its later amendments. The written informed
consent of each patient was obtained. The clinicopatholo-

gical features of all 136 patients are listed in Table 1.

Immunohistochemical Staining of AIPI
and CD34

NSCLC tissues were fixed overnight in 10% neutral-
buffered formalin and embedded in paraffin; then tissues
were cut into 3 pm slices and stained with hematoxylin and
eosin (HE). Paraffin sections were immunostained using
microwave-based antigen retrieval techniques. AIP1 anti-
body (ab87811; Santa Cruz Biotechnology, Santa Cruz, CA,
USA) and CD34 (sc-19621; Santa Cruz Biotechnology)
used in this study were processed in slices using the
Envision+ DAB kit (Dako, Glostrup, Denmark) according
to the manufacturer’s instructions. A human kidney cancer
sample known to express the AIP1 protein was used as

Table | Correlation of Clinicopathologic Variables with AlPI
Protein and MVD

Variable No. of AIPI Protein MVD
Patients
Low | High | P* Low | High | P*
Age (years) 0.846 0.437
<60 47 24 23 21 26
>60 89 47 4?2 46 43
Sex 0.203 0.299
Male 93 52 41 43 50
Female 43 19 24 24 19
Histology 0.585 0.225
Neo 64 35 29 28 36
Adeno 72 36 36 39 33
Differentiation 0.552 0.367
Well 30 15 19 17 17
Moderate 6l 40 33 39 34
Poor 45 16 13 11 18
Tumor status 0.446 0.475
TI 77 38 39 40 37
T2 59 33 26 27 32

Note: *Chi-square test.
Abbreviations: SCC, squamous cell cancer; Adeno, adenocarcinoma.
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a positive control, and the sections were incubated with
phosphate-buffered saline (PBS) instead of the primary
antibody as a negative control.

Analysis of AIP| Protein Expression and
MDV

The staining intensity of AIP1 and the proportion of
stained cells were measured using a semi-quantitative
method. Ten fields of view were observed at 400x magni-
fication, with 100 tumors or alveolar epithelial cells
counted per field of view. The proportions of positive
cells were scored as follows: <5% positive cells was
awarded 0 points; 5-25% was 1 point; 25-50% was 2
points; 50-75% was 3 points; >75% was 4 points. The
staining intensity scores were as follows: unstained was 0
points; light yellow was 1 point; yellowish-brown was 2
points; and dark brown was 3points. The final score was
the sum of the positive cell score and the stain intensity
score, and was further graded as follows: (-), 0-1; (+),
2-3; (++), 4-6; and (+++), 8-12. A final score of >4 points
defines the high expression of AIP1.

The number of microvessels in the tumor was measured
by counting CD34 positive cells.?”*® Positive CD34 staining
was defined as clear brown or dark brown particles in the
cytoplasm and/or cell membrane that may include stained
microvessels, individual endothelial cells or cell clumps.
Separation or multiple closely arranged endothelial cell clus-
ters, if they had a distinct boundary with adjacent tumor cells
and surrounding connective tissue, regardless of the lumen of
the vessel, were counted as microvessels.”” Referring to the
Chalkley counting method,”® the two pathologists first
observed the entire section at low magnification without
knowing the patient information, and found three ‘“hot
spots,” that is, areas where positively stained blood vessels
were highly concentrated. The number of microvessels was
then counted under the high power field of view (HPF).
Blood vessels with a lumen diameter larger than that of red
blood cells were excluded or blood vessels of smooth muscle
observed in the blood vessel wall. The average number of
microvessels in the five fields of view was taken as the MVD
of the sample. If the difference between the two pathologists
exceeded 10%, then a recalculation was required.

Patient Follow-Up

Patients were seen for follow-up visits every 3 months within
2 years after discharge, and every 6 months from 2 years until
death, tumor recurrence or metastasis or the end of the study,

whichever was soonest. The follow-up program included
physical examination, blood analysis, computed tomography
(CT) scans, and ultrasound examinations. Recurrence or
metastasis was determined based on clinical, radiological,
or histological examinations. The location and timing of
tumor recurrence and metastasis were recorded. The follow-
up was completed in December 2016 with a median follow-
up of 42 months (range, 5—72 months).

Statistical Analysis

SPSS, version 19.0 software (IBM SPSS Statistics for
Windows, Armonk, NY, USA) was used for all statistical
analyses. The chi-square test was used to analyze the correla-
tion between AIPI protein, MVD and various clinical fea-
tures and prognostic factors. The Spearman rank correlation
method was used to assess the correlation between AIP1 and
MVD. Survival curves were estimated by the Kaplan—-Meier
(KM) method. Multivariate Cox regression analysis was
used to identify significant independent prognostic factors.
A P value <0.05 was considered to be significantly different.

Results

Relationship Between AIP| Protein
Expression and Clinicopathological
Factors in Patients with NSCLC

Immunohistochemical staining showed that AIP1 protein
was expressed in normal cells and in tumor cell membranes
and cytoplasm (Figure 1), and the expression of AIP1 protein
in NSCLC tissues was significantly lower than that in normal
tissues (Figure 1A—C). An independent sample z-test showed
the expression of AIP1 in normal tissue and NSCLC tissue
had a significant difference (Figure 4, P<0.0001). The stain-
ing intensity of AIP1 was different in NSCLC tissues from
different patients. Based on the criteria defined above, we
detected 71 cases of low expression of AIP1 among all 136
patients. To understand the role of AIP1 in NSCLC, we
investigated the association between AIP1 expression and
clinicopathological features, including age, gender, patholo-
gical type, degree of differentiation, and T stage. The results
showed no obvious correlation between AIP1 expression and
these pathological features (P > 0.05).

MVD in NSCLC and Its Correlation with
Clinicopathological Factors of NSCLC

In this study, CD34 immunohistochemical staining was
used to assess MVD in tumor tissues. In positively stained
endothelial cells, diffuse staining for CD34 was observed
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Figure | Immunohistochemical staining of normal and NSCLC specimens in which antibodies to AIP| (A-C), CD34 (D-F) were used.

Notes: Representative immunostaining images of (A, D) normal tissues and (B, C, E, F) NSCLC tumor tissues. (B, C) Distribution of AIPI in NSCLC tumor tissues
revealed diffuse staining of membranes and cytoplasm of NCSLC tumor tissues. (B) High density and (C) low density of AIPI located in NSCLC tissues. (D-F)
Immunohistochemical staining of CD34, which was used to mark endothelial cells and to evaluate MVD in different tissues. (E) Low density of MVD in NSCLC tissues.

(F) High density of MVD in NSCLC tissues. Scale bar=100 pm.

in the cytoplasm and membrane (Figure 1D-F). All
NSCLC specimens had an average MVD of 28/HPF with
a range from 12 to 57/HPF. We divided the patients into
a high-MVD group (>28) and a low-MVD group (<28)
with the average MVD28/HPF as the cutoff value. The
data showed no significant correlation between MVD and
clinicopathological factors (P > 0.05).

AIPI and MVD Relationship

We next studied the relationship between AIP1 expression
and MVD and found that they were significantly correlated
(P <0.0001, Spearman), with AIP1 low expression being
more common in high-MVD tumor tissues (Figure 3).

Correlation Between AIPI, MVD and

Tumor Recurrence

Of the 136 patients, 36 had tumor recurrence (26.5%); of
these, 14 patients had local recurrence, 15 patients had distant
metastases, and seven patients had local recurrence with
distant metastases. Specifically, in 71 cases with low expres-
sion of AIP1, 27 cases (38.0%) had tumor recurrence, while
9 (13.8%) of 65 cases with normal expression of AIP1 had
tumor recurrence. Twenty-five (36.2%) of the 69 high-MVD
cases relapsed, while only 11 (16.4%) of the 67 patients with

low MVD relapsed. Further, KM analysis showed that AIP1
low expression, high MVD and lower 5-year disease-free
survival (DFS) were associated (P = 0.001, P = 0.004,
Table 2). In addition, the multivariate analysis confirmed
that low expression of AIP1 protein continued to maintain
its predictive value for DFS (P = 0.025, Table 2).

Univariate and Multivariate Survival
Analysis
Of the 136 patients, 45 died within 5 years after surgery; 36
patients died of causes associated with NSCLC tumors, and 7
patients died for other reasons. According to survival analysis,
the overall and DFS rates for 5 years were 66.9% and 73.5%,
respectively. The predictive effect of AIP1 protein and MVD
on OS and DFS was found by univariate survival analysis (log-
rank test, Table 2, Figure 2). Patients with low AIP1 expression
(52.3% vs. 79.7%, P = 0.000) and high MVD (57.2% vs.
75.8%, P = 0.007) had lower 5-year OS (Figure 2).
Moreover, the analysis also showed that patients with low
expression of AIP1 protein (59.2% vs. 85.7%, P = 0.000)
and high MVD (61.2% vs. 83.0%, P = 0.003) had lower
S-year disease-specific survival (DSS).

To investigate the interference between AIP1 protein and
MVD, we further investigated the difference in survival
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Table 2 Univariate and Multivariate Analyses of Prognostic Variables
Variable Univariate Analysis Multivariate Analysis
P P® P* 95.0% CI* P 95.0% CI” P® 95.0% CI° Pe
Age 0.275 0.422 0.466 0.373-1.289 0.247 0.378-1.527 0.620 0.382-1.535 0.452
Sex 0.313 0.509 0.490 0.760-2.591 0.280 0.392-1.748 0.440 0.385-1.720 0.590
Histology 0.534 0.532 0.507 0.750-2.565 0.297 0.741-2.988 0.263 0.744-2.976 0.261
Differentiation 0.809 0.493 0.487 0.519-1.384 0.464 0.437-1.241 0.250 0.438-1.245 0.255
T status 0.008 0.017 0.020 0.927-3.083 0.087 0.866-3.307 0.124 0.838-3.264 0.131
MVD 0.007 0.003 0.004 0.518-3.575 0.531 0.340-2.923 0.996 0.350-2.995 0.965
AIPI 0.000 0.000 0.001 0.083-0.638 0.005 0.083-0.810 0.020 0.088-0.852 0.025

Notes: *Overall survival. *Disease-specific survival. “Disease-free survival.
Abbreviation: Cl confidence interval.

between low MVD and high MVD in the same AIP1 protein
expression state. The results showed that there was no sig-
nificant difference in survival rate between the different MVD
groups in patients with the same AIP1 protein expression
(Table 3, P> 0.05).

Multivariate COX regression analysis showed that the
prognostic predictive effect of MVD in univariate analysis
disappeared, while low expression of AIP1 protein as an
independent predictor remained for OS, DSS and DFS
(P =0.005, 0.020, and 0.025, Table 2).

Discussion

Our results showed that low expression of AIP1 protein
was common in early NSCLC tissues and was significantly
associated with intratumoral microangiogenic activity.
Low expression of AIP1 is positively correlated with
high MVD, suggesting that AIPl protein may slow
tumor progression and metastasis by inhibiting tumor
angiogenesis, and low expression of AIP may lead to
increased tumor microangiogenesis. Some scholars have
found that methylation of the AIP1 encoding gene in lung,
breast, gastrointestinal, renal, and prostate tumors, which
leads to inactivation of the gene, results in decreased AIP1
protein levels and is associated with tumor progression and
therapeutic resistance.’>>' %3¢ Many researchers believe
that angiogenesis is a prerequisite for solid tumor growth
and metastasis; tumor growth rate and patient prognosis
are related to the rate of microangiogenesis in the
tumor.>**” Tumor blood vessels provide a material basis
for the rapid division and growth of tumor cells. At the
same time, due to the structural and functional defects of
the neonatal tumor blood vessel, tumor cells are more
likely to migrate through blood vessels, thereby aggravat-
ing local invasion and distant metastasis.?’ Consequently,
the AIP1 protein and its coding gene may be potential

therapeutic targets for anti-angiogenic therapy in NSCLC
patients. However, tumor angiogenesis is an extremely
complex process involving multiple steps and multiple
diffusion factors produced by tumor cells. To date, the
exact molecular mechanism by which AIP1 protein inhi-
bits the angiogenic potential of tumor cells and the forma-
tion of new tumor microvessels is far from clear, and
further clarification of molecular levels is needed.

So far, there have been only two clinical studies on the
expression of AIP1 in lung cancer. Yano et al found that
methylation of the AIP1 protein-encoding gene is fre-
quently found in lung cancer patients and leads to inacti-
vation of the coding gene and is associated with later
disease stages.”> Yang et al found that mutations in the
AIP1 protein-encoding gene lead to an increased risk of
lung cancer and early age of onset, especially in men.** To
the best of our knowledge, our study is the first to evaluate
AIP1 protein expression in surgically resected early
NSCLC patients and is the first to investigate the prognos-
tic relationship between AIP1 protein and angiogenesis in
patients with NSCLC.

In our study, high MVD subgroup showed longer OS,
DFS, and DSS than low MVD in the AIP1 low expression
group, although the difference was not statistically signifi-
cant. The possible reason was that tumor progression and
metastasis involved many other factors besides microves-
sel density, such as tumor microvascular function, vascular
endothelial cell activation, tumor infiltration of lymphatic
vessels, etc., and further research is needed.

In our study, low expression of AIP1 and high MVD were
significantly associated withthe higher risk of tumor recur-
rence and low DSS. KM analysis showed that low expression
of AIP1 protein and high MVD were significantly associated
with lower 5-year OS and DSS, suggesting that AIP1 protein
and MVD may be potential prognostic predictors in early
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Figure 2 Kaplan—Meier curves of overall, disease-specific and disease-free survival stratified according to AIP| protein expression and MVD. Patients with low expression of
AIPI had a poor survival of OS, DSS, DFS (A, C, E). Patients with high MVD had a poor survival of OS, DSS, DFS (B, D, F).
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Figure 3 Cross-correlation analyses revealed strong relationships between the low
expressions of AIPIl and high MVD in NSCLC.
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Figure 4 Independent sample t-test showed the expression of AIPIl in normal
tissue and NSCLC tissue had a significant difference.

Normal tissue

NSCLC patients. Multivariate analysis showed that relative
to MVD, low expression of AIP1 protein maintained its
prognostic value and was an independent prognostic predic-
tor for OS, DFS, and DSS. Therefore, the evaluation of the
AIP1 protein expression level can effectively improve the
risk stratification of the conventional staging system in early

Table 3 Survival Differences Stratified by Low MVD and High
Subgroups

NSCLC patients, and prophylactic treatment for high-risk
patients can improve patient outcomes.

All patients in this study underwent complete tumor
resection and regional lymph node dissection, and did not
receive radiochemotherapy before or after surgery unless
tumor recurrence was found. In addition, in order to
reduce statistical bias, relatively rare large cell carcinomas,
mixed cancers, etc., were not included in the study, thereby
improving comparative efficiency, reducing statistical bias,
and making our results more objective.

In conclusion, our results suggested that low expres-
sion of AIP1 protein is common in early NSCLC and was
significantly associated with tumor angiogenesis and
recurrence. In addition, low expression of AIP1 protein
had a significant impact on survival and is an independent
predictor of OS, DFS, DSS. These findings suggested that
AIP1 protein may have clinical potential, not only as
a promising predictor of prognosis but also as a new target
for anti-angiogenic therapy in NSCLC patients.

In future, further research is needed to determine the
mechanism by which AIP1 promotes tumor microangio-
genesis at the molecular level. Molecular targeting agents
targeting AIP1 may become new anti-angiogenic drugs for
the treatment of NSCLC in the future. In addition, the
possible link between AIP1 protein and intensive therapy
needs further prospective studies. Because the low expres-
sion of AIP1 protein may be associated with high risk of
recurrence and poor prognosis, it could be given to high-
risk patients together with intensive post-operative adju-
vant therapy or combined anti-angioproliferative therapy,
thereby improving the prognosis of such patients. These
studies may provide important information to optimize
personalized treatment for early NSCLC patients.

As a new prognostic predictor and a potential thera-
peutic target, AIP1 can be used as an adjunct to the lung
cancer staging system and help to provide better treatment

for patients with lung cancer.

MVD in the AIPl Low Expression and AIPI Normal Expression

AIP| Low Expression AIP1 Normal Expression
Low MVD (%) High MVD (%) P? Low MVD (%) High MVD (%) P?
Disease-free survival 50.0 61.8 0.539 87.8 66.7 0.104
Overall survival 375 54.4 0.400 81.0 66.7 0.317
Disease-specific survival 50.0 60.5 0.543 87.6 66.7 0.111
Note: *Log-rank test.
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