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Apolipoprotein C1 (APOC1) as a novel diagnostic and prognostic
biomarker for gastric cancer
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Background: Gastric cancer (GC) is a common malignant cancer in the worldwide, especially in China.
Patients with GC have poor prognosis, which is mainly due to lack of early diagnosis. Up to now, there is no
good biomarker to detect GC at early stage. Apolipoprotein C1 (APOCI), a component of both triglyceride-
rich lipoproteins and high-density lipoproteins, is reported to be involved in numerous biological processes.
Methods: Expression of APOCI mRNA was analyzed by in silicon assay. Concentration of APOCI in
serum was measured by ELISA assay. Expression of APOCI protein in GC tissue array was checked by
immunohistochemistry.

Results: It was firstly found that concentration of APOCI in serum was significantly higher in GC than
that in control. Expression of APOCI protein was also higher in GC than that in adjacent issues of GC
and normal tissues using tissues array by immunohistochemistry. In addition, the expression of APOCI is
significantly associated with clinical stage (P=0.011), tumor classification (P=0.010), as well as with the lymph
node metastasis (P=0.048). Area under the curve (AUC) of receiver operating characteristic (ROC) curve
of APOCI was 0.803. Furthermore, elevated APOCI expression in GC was found to be correlated with
decreased overall survival (P=0.00214).

Conclusions: All these results suggested that APOC1 might be a potential serum biomarker to diagnose
GC and a potential prognostic marker for GC.
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Introduction sensitive tests will facilitate early screening and monitoring

. . . . of cancerous states (3). Hence, the identification of the ideal
Gastric cancer (GC) is a common malignant cancer which

ranks fifth in incidence and third in mortality of cancers
in the world (1). GC is the second most common cause
of cancer deaths in China (2). Surgery is the primary
treatment for GC now. Since the early stages of GC are
easily neglected, the majorities of cases are diagnosed at
the later stages when it is very hard to treat. Specific and
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biomarker is imperative and necessary to diagnose GC at
early stage and predict prognosis of GC patients.

APOCI, the smallest apolipoprotein (only 6.6 KDa)
and a component of both triglyceride-rich lipoproteins and
high-density lipoproteins. APOCI plays an important role
in the metabolism of plasma lipoproteins (4,5). APOCI
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was reported to play many important roles in numerous
biological processes including membrane remodeling,
cholesterol catabolism, and dendritic reorganization (6,7).
Additionally, a few studies have shown that APOCI is
related to the progression of multiple diseases, such as type
1 or type 2 diabetes, diabetic nephropathy, Alzheimer's
disease and glomerulosclerosis (8-11). Moreover, recent
studies have shown that APOCI may be associated with
the development of cancers. APOCI1 was overexpressed in
pancreatic cancer and high level of APOCI in preoperative
serum was significantly correlated with poor prognosis of
patients. Knockdown of APOCI expression inhibited cell
proliferation and induced apoptosis of pancreatic cancer
cells (12). Overexpression of APOCI had diagnostic ability
in distinguishing between triple negative breast cancer
(TNBC) and non-TNBC (NTNBC). APOCI presented
as a potential prognostic factor for TNBC (13). APOCI1
expression was increased and played an oncogenic role in
AML (14).

The expressions of APOC1 mRNA and protein were
upregulated in prostate tissue and the levels of APOCI
were increased in the serum of prostate adenocarcinoma
patients (15). The mRNA and protein levels of APOCI1
were also highly expressed in late stage lung cancer tissues,
whereas no prognostic value of APOC1 could be identified
in serum samples of lung cancer (16).

Some researchers found that APOC1 was down-
regulated in serum of NSCLC and could be a potential
biomarker of NSCLC (17). The serum levels of
APOCI1 were significantly decreased in colorectal
cancer (18), papillary thyroid carcinoma (19) and child
nephroblastoma (20). However, the role of APOCI in GC
has never been reported.

In the study, we detected APOCI concentration in serum
of GC, expression of APOCI protein in tissues of GC and
found that APOCI concentration was higher in serum of
GC than that in control. We also found that expression of
APOCI protein was higher in tissues than that in adjacent
issues of GC and normal tissues. APOCI expression was
found to be associated with many clinical characters and
prognosis of patients with GC. APOCI may be a potential
biomarker to diagnose GC and predict prognosis of GC.

Methods
Patients and bealthy control characteristics

Serum of 65 GC patients and 40 healthy individuals
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were collected from clinical laboratory of Peking Union
Medical College Hospital (PUMCH) from October
2018 to January 2019. GCs were selected according to
histological examination in this study and all serum samples
were collected from GC patients before surgery and any
therapy. Healthy individuals, who received health checks in
PUMCH, had no history of malignancy previously or at the
time of the health check. The study had been approved by
PUMCH Ethics Committee (S-424).

In silicon analysis

GC Database used in silicon assay was from Oncomine (www.
oncomine.org) which is very useful for investigating genes
expression in many cancers and normal control.

The Cancer Genome Atlas (TCGA) was done by the
National Cancer Institute (NCI) and the National Human
Genome Research Institute (NHGRI), which provides many
kinds of cancer data sets, such as RINA-Seq data, microarray
data, sequencing data et 2/. APOCI expression in GC was
also assayed by using data from website (http://ualcan.path.
uab.edw/).

APOCI1 concentration in serum was checked by ELISA

analysis

Serum samples collected from patients with GC and
healthy individuals were stored at -80°C. Concentrations of
APOCI in serum samples were measured by commercially
available colorimetric sandwich ELISA kits (Elabscience
Biotechnology Co., Ltd) according to the manufacturer’s
protocols. The sensitivity of the assays was 5.63 ng/mL
and intraassay or interassay coefficient of variation
(CV) were always less than 10%. Concentrations of
carcinoembryonic antigen (CEA), CA19-9, CA242 and
CA72-4 in serum samples were measured by commercially
available chemiluminescent immunoanalysis kits (Architect,

Abbott, USA).

Expression of APOCI in GC tissue microarray by
immunobhistochemistry (IHC) analysis

The GC tissue array (§T2091a) was purchased from
company Alenabio (Shaanxi, China). The corresponding
clinical details were available online and were also provided
by the company. IHC was performed as previously
described (21). In brief, paraffin section of GC tissue
microarray was deparaffinized, subjected to antigen
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retrieval, and incubated with primary APOCI1 antibody,
then followed by development with the LSAB+ kit (DAKO).
Finally, the slide was counterstained with hematoxylin. As
a negative control, normal rabbit was used instead of the
primary antibodies.

The antibody of APOC1 (ab198288) was purchased
from AbCam. Images of the sections were independently
examined and differentially quantified by two pathologists.
The staining intensity of APOCI expression in GC tissue
array by IHC was scored as 0 (negative), 1 (weak brown),
2 (moderate brown), or 3 (strong brown). The extent of
staining was scored as 0 (<10%), 1 (11-25%), 2 (26-50%),
3 (51-75%), or 4 (>75%). Immunoreactive score of
Remmele and Stegner (IRS) was determined by the
formula: intensity score x extent score. A final score >1 was
defined as high expression; otherwise, it was defined as low
expression (22,23).

Statistical analysis

Student’s t-test was used for comparison of two groups.
Correlation between the APOCI expression and the clinical
characteristics in GC patients were assessed by Spearman’s
correlation coefficient test. Correlation between serum
CEA, CA125, CA19-9, CA72-4 and the expression of
APOCI was analyzed with Pearson’s correlation coefficient
test. The survival analyses were conducted according to
the Kaplan-Meier method. P<0.05 (*), P<0.001 (**) and
P<0.0001 (***) were considered statistically significant. All
statistical analyses were performed using GraphPad Prism
7.0 and SPSS17.0.

Results

APOCI expression in GC was significantly bigher than
that in adjacent tissues and normal control

To investigate expression level of APOCI mRNA in GC,
adjacent tissues of GC and normal control, we firstly carried
out i silicon assay using data from the Oncomine (www.
oncomine.org). It was shown in Figure I that there was
significantly higher APOCI expression in GC than that in
adjacent tissues of GC and normal control.

We also did in silicon assay to check APOCI1 expression
in GC and normal control by using TCGA (The Cancer
Genome Atlas) data which was provided by National
Cancer Institute and National Human Genome Research
Institute. The similar results were obtained (Figure ST).
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Furthermore, it was found that APOCI expression was
increased as development of GC (Figure S2).

Serum level of APOCI and bistological types of GC

To evaluate if APOCI could be used as a biomarker
for GC, we checked concentration of APOCI1 in
serum of 65 GC patients and 40 healthy individuals
by ELISA assay. Standard curve and concentration
of APOCI in serum were shown in Figure 2A4,B,
respectively. APOC1 concentration in serum of GC
patients were significantly higher than that in healthy
individuals (Figure 2B). To determine the measure
accuracy of APOCI in serum, receiving operating
characteristics (ROC) analysis was performed. Area
under curve (AUC) for APOCI was 0.803 (Figure 2C).
Based on these results, the cut-off value of APOC1 was
0.19 ug/mL. With this cut-off, the sensitivity and the
specificity of APOCI were 63.0% and 93.0%, respectively.

Expression of APOCI protein was bigher in GC than that
in normal and is associated with clinical features of GC

To check expression of APOCI protein in GC and normal
control, tissue microarray of GC with the clinical profiles
was purchased and IHC was performed on it. Representative
pictures were shown in Figure 34. IRS statistics for APOC1
are presented in Figure 3B. IRS was shown to increase
with clinical stage (P<0.0001). Expression of APOCI
protein is higher in GC than that in normal (Figure 3B).
Associations between APOCI expression and the clinical
characteristics of 156 patients in GC tissue arrays including
24 (15.4%) stage I cases, 109 (69.9%) stage II cases and 23
(14.7%) stage III patients. As shown in Table 1, there were
significant associations between expression of APOCI and
clinical stage (P=0.011), tumor (T) classification (P=0.010)
and lymph node metastasis (P=0.048). However, it was not
shown to be associated with patient age (P=0.132), gender
(P=0.352). Taken together, these results indicated that
expression of APOCI1 was associated with many key clinical
features of GC.

Spearman association coefficients between APOCI1
expression and clinical stage, tumor classification, and
lymph node metastasis were 0.479 (P<0.001), 0.236
(P=0.003), 0.187 (P=0.019), respectively (Tuble 2). These
results indicated that expression of APOCI was associated
with many key clinical features of GC.
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Figure 1 There is significantly higher expression APOCI mRINA in GC than that in normal control. Expression APOCI mRNA is higher

in GC than control. Both data and statistical value were obtained from www.oncomine.org. APOCI, apolipoprotein C1; GC, gastric cancer.
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Figure 2 Concentration of APOCI in serum of GCs is higher than that in healthy controls. (A) Standard curve of ELISA assay for APOC1
concentration. (B) Concentrations of APOCI in serum are higher GC than healthy controls. (C) AUC for APOC1. APOCI, apolipoprotein

C1; GC, gastric cancer. ***, P<0.0001.

Correlation between APOC1 and CEA, CA19-9, CA242
and CA72-4

The correlation of serum CEA, CA19-9, CA242 CA72-4
and the expression of APOCI were analyzed using Pearson’s
correlation coefficient. None of the serum CEA/CA19-9/
CA242/CA72-4 level was correlated with the level of
APOCI1 expression (Table 3).

Univariate analysis of 5-year survival rate of patients
with GC

To further explore the relationship between APOCI and
clinical prognosis in patients with GC, we evaluated the
prognostic value of APOCI using TCGA database (http://
www.oncolnc.org/). It was shown in Figure 4 that expression
of APOCI was associated with prognosis of GC patients
(P=0.00214). The higher APOCI expression is, the lower
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survival rate of GC patients is. On the contrary, the lower
APOCI expression is, the higher survival rate is.

Discussion

GC is a highly aggressive cancer associated with high
mortality in China (24,25). Most GC patients are diagnosed
with advanced-stage disease for failure of early diagnosis
for treatment options of GC at advanced stage are limited,
resulting in an overall 5-year survival rate of 10-28% (26).
Serum-based biomarkers are of considerable importance
in the early diagnosis of various diseases including cancers
(27,28). In recent years, the public availability of cancer
gene expression data, such as Oncomine databases and
TCGA databases, has provided a unique opportunity
to explore initial hypotheses and concepts that can
subsequently be validated by additional experiments

(29-31). There was much higher APOCI expression in
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Figure 3 Expression of APOCI protein is much higher in GC than normal tissues. (A) Representative pictures of GC in tissue microarray

by IHC, a (negative), b (weak brown), ¢ (moderate brown), d (strong brown). (B) Expression of APOCI protein was higher in GC than

normal tissues. Expression APOCI protein was increased as GC developed. APOCI, apolipoprotein Cl; GC, gastric cancer; IHC,

immunohistochemistry. **, P<0.001; ***, P<0.0001.

serum of GC than that in adjacent tissues of GC and normal
control. Expression of APOCI protein was increased as
development of GC. Expression of APOCI was associated
with clinical characters and prognosis of patients with GC.
APOCI may be a promising biomarker for diagnosis and
prognosis of GC.

In recent years, the relationship between apolipoprotein C
and cancers has been highlighted. Borgquist ez 4/. reported that
overall cancer risk is associated with the circulatory content
of apolipoproteins in males (32). APOCI is a 57 amino acid
residue polypeptide primarily synthesized in the liver (33)
and was secreted into serum in an autocrine manner (12).
Several studies have found that APOCI are involved in the
development of various cancers (12,13,16), but not serum
APOCI. In this study, we firstly reported that the level of
APOCI1 was increased in serum of patients with GC than
healthy controls (P<0.0001), which was in accord with our
primary hypothesis. The diagnostic ability of the APOCI
determined based on ROC analysis revealed that APOCI1
had distinctly superior ability to distinguish patients with GC
with healthy controls (AUC =0.803). Consistent with this
result, Kaplan-Meier survival analyses confirmed that the
APOCI could be a novel prognostic biomarker for GC.

© Annals of Translational Medicine. All rights reserved.

In this study, we demonstrated that expression of APOCI
was significantly higher in GC tissues compared with that
in adjacent non-cancerous tissues. We also found that the
high expression level of APOCI1 was associated with clinical
stage (P=0.011), tumor classification (P=0.010), as well as
with the lymph node metastasis (P=0.048). These findings
suggest that the high expression of APOCI was correlated
with unfavorable prognosis of GC patients.

There are numerous cancer markers, such as CEA, cancer
antigen125 (CA125), cancer antigen 72-4 (CA72-4) and cancer
antigen 19-9 (CA19-9), have been widely used for the diagnosis
of GC (34-36). However, these proteins are neither sensitive
nor specific tumor biomarker for GC. The sensitivities of
CA72-4, CEA, CA125 and CA19-9 at the optimal cut-off
level were 67.9%, 73.6%, 63.2% and 60.4%, respectively,
and the sensitivity of all four markers used in combination
increased to 75.5%. The specificity of CA72-4, CEA,
CA125 and CA19-9 at the optimal cut-off level were 83.9%,
75.8%, 77.9% and 83.2%, respectively, and the specificity
of all four markers used in combination was75.7% (37).
Youden Index is a frequently used summary measure
of the ROC curve. It both, measures the effectiveness
of a diagnostic marker and enables the selection of an
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Table 1 Basic characteristics of patients and association between the expression of APOCI and clinicopathologic characteristics in GC tissues

APOC1
Characteristics P value
Low (score <1), N=26 High (>1), N=130
Age (year, mean + SD) 0.132
<60 20 74
>60 6 56
Gender 0.352
Male 16 91
Female 10 39
Stage 0.011
| 6 18
Il 18 91
11l 2 21
\% - -
T-stage 0.010
T 1 3
T2 6 19
T3 18 98
T4 1 10
Lymph node metastasis 0.048
With 5 46
Without 21 84
APOCH1, apolipoprotein C1; GC, gastric cancer.
Table 2 Spearman association analysis between APOCI and clinical pathologic factors
APOC1 expression level
Variables
Spearman association P value
Clinical stage <0.001
Tumor classification 0.003
Lymph node metastasis 0.019

APOCH1, apolipoprotein C1.

optimal threshold value (cutoff point) for the marker. The
corresponding value of the truncation point corresponding
to the most approximate index (Youden's index) is regarded
as the cut off value (38). With the cut-off value of APOCI1
for GC, the sensitivity of APOC1 was 63.0%, though a
little low to the combination of four markers (63% wvs.
75.5%), the specificity was higher than the combination of

© Annals of Translational Medicine. All rights reserved.

four markers (93.0% vs. 75.7%). In addition, APOCI is an
independent marker without correlation with CEA, CA125,
CA19-9 and CA72-4.

Conclusions

All in all, our study firstly demonstrated that there was
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Table 3 Association between serum levels of APOCI and CEA, CA19/9, CA242 and CA72-4 expression

Marker Pearson’s coefficient P value
CEA 0.106 0.591
CA19/9 0.829
CA242 -0.041 0.844
CA72-4 -0.080 0.722

APOCH1, apolipoprotein C1; CEA, carcinoembryonic antigen.
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Figure 4 Expression of APOCI was associated with poor prognosis
of GC. APOC, apolipoprotein C1; GC, gastric cancer.

much higher APOCI concentration in serum of GC than
that in health control. We also found that there was much
higher expression of APOCI protein in tissues of GC
patients than that in normal. Besides, APOCI expression
was associated with clinical characters of GC patients,
such as clinical stage, tumor classification and the lymph
node metastasis. Furthermore, APOCI1 was found to be
associated with prognosis of GC patients. In conclusion,
APOCI may be a potential serum biomarker to diagnose
GC and a potential prognostic marker for GC.
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