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Overexpression of cancer cell-derived immunoglobulin G
correlates with poor prognosis in gastric cancer patients
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Background: Various human epithelial origin cancers produce cytoplasmic immunoglobulin (Ig) G.
Recent studies have elucidated that it was related with the tumorigenesis. This study was aimed to identify
relationship between the cancer cell-derived IgG expression level and clinical parameters in gastric
cancer (GC).

Methods: Cancer cell-derived IgG expression was assessed using immunohistochemistry analysis in 231
primary GC tissues. The role of cancer cell-derived IgG on cell proliferation, migration and invasion were
assessed.

Results: Our results indicated that IgG was overexpressed in GC tissues (42.2%, 46/109) than in adjacent
tissues (11.0%, 12/109, P<0.0001). Positive IgG expression was more frequently detected in patients
with TNM III + IV stages when compared with those with TNM I + II stages in GC (48.6% vs. 37.2%,
respectively). Upon univariate analysis, IgG positive group had significantly lower 5-year overall survival
than the negative group (P=0.0361). Multivariate analysis showed IgG expression was an independent
prognostic indicator for 5-year overall survival of patients with GC (P=0.018). Furthermore, knockdown of
IgG by short interfering RINA (siRINA) resulted in reducing proliferation, migration and invasion of GC cell.
Conclusions: Our results showed that cancer cell-derived IgG overexpression might be correlated with GC

progression, and would be a novel biomarker to predict the prognosis of patients with GC.
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Introduction

Gastric cancer (GC) is the fourth most prevalent malignant
tumor worldwide and the leading cause of cancer-related
death in China (1,2). Although the overall prognosis of GC
has gradually improved over the past decades, the survival
of GC patients is still dismal with the advanced stage or
inoperable tumor at the time of diagnosis (3-5). In this
context, it is necessary to develop new biomarkers with the
potential to estimate the efficacy of therapeutic strategies
and prognosis.

Immunoglobulins G (IgG) was first discovered from
mature B lymphocytes a century ago and once thought to
be unique products of immune cells. Numerous studies
introducing structure and biologic function of Ig have been
restricted to lymphoid cells (6). However, this traditional
view has recently been challenged by Yasuhiko who detected
the genes of IgG in non-hematopoietic cancer cell lines
using the highly sensitive RT-nested PCR method (7). Then,
Qiu et al. demonstrated IgG protein was produced by cancer
cells in both cytoplasmic and secreted forms, and played a
potential growth factor role in epithelial origin cancers (8).
Cancer cell-expressed immunoglobulin G (CA215) could be
used as a monitoring marker for ovarian/cervical cancers (9).
In short, recently new evidence displayed Ig could be
expressed in proliferating normal cells, epithelial-origin
tumor cells and normal mouse central neurons (8,10). The
cancer-derived IgG is worlds apart from traditional B-cell
derived-IgG in its structure, physicochemical property
and biological function. RP215 is a monoclonal antibody
specifically recognizing the unidentified glycosylated
epitope (CA215C) of heavy chain of cancer-derived IgG (9).
Moreover, it has been showed that cancer cell-derived IgG is
involved in tumor development and related with lung cancer
patient survival (11).

This new concept of cancer cell-derived IgG has been
widely accepted. However, the relationship between cancer
cell-derived IgG and GC has not been elucidated. In the
present study, we analyzed IgG expression (using PR215
antibody) in 231 GC cases by immunohistochemistry and
evaluated its correlation with clinicopathological features
and prognosis. Our results showed that IgG expression was
more frequently detected in patients with TNM III+IV
stages and correlated with poor prognosis in patients with
GC. Besides, knockdown of IgG by siRNA has impact on
the malignant biological behaviors such as proliferation and
invasion. These findings suggested that cancer-derived IgG
can serve as a prognostic biomarker and therapeutic target
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in GC.

Methods
Cell culture

GC cell line AGS were purchased from ATCC (Manassas,
VA, USA) and BGC-823, MGC-803, MKN28 and SGC-
7901 were obtained from the Cell Research Institute
(Shanghai, China). All cells were routinely maintained in
DMEM medium (GIBCO BRL, Carlsbad, CA, USA),
which was supplementing with 10% fetal calf serum (FCS,
GIBCO) and penicillin/streptomycin in a humidified
atmosphere of 5% CO, at 37 °C.

Two siRNA against IgG (siRNA-1,
5'-GGUGGACAAGACAGUUGAG-3" and siRNA-2,
5'-AGUGCAAGGUCUCCAACAA-3") (12)
and non-targeting scrambled siRNA (siControl,
5'-UUCUCCGAACGUGUCAUGUTT-3") were
synthesized by GenePharma Corporation (Shanghai,
China). Cells (1x105) cultured in 6-well plates for 24 h were
transfected with siRNA (100 nmol/L) and Lipofectamine
2,000 reagent (Life Technologies, Carlsbad, CA, USA) in
Opti-MEM without serum, according to the manufacturer’s
instruction.

Patient samples

A total of 231 GC tissues were collected from GC patients
who underwent radical gastrectomy at Peking University
Beijing Cancer Hospital between January 2002 and
December 2007. Among them, 109 patients had gastric
cancer and matched adjacent noncancerous tissues. None of
the patients received chemotherapy or radiotherapy prior to
surgery, and neither had synchronous cancers. All patients
signed informed consent forms, and the Ethics Committee
of Beijing Cancer Hospital approved tissue collection.
Clinicopathological characteristics of patients were obtained
from hospital follow-up center. Gastric cancer stage was
classified according to the 2010 tumor-node metastasis
(TNM) classification recommended by the American Joint
Committee on Cancer (AJCC 7™ edition). The Overall
Survival was calculated by starting from the date of primary
tumor operation to the time of death or the last date of
follow-up review. In total, 101/231 (43.7%) patients died in
the follow-up period.

"This study was performed with the approval of the Ethics
Committee of Peking of Beijing Cancer Hospital.
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Immunobistochemistry (IHC)

All resected tissue specimens were formalin-fixed and
paraffin-embedded immediately. Four-micrometer
sections were mounted on poly-lysine-coated slides,
deparaftinized in xylene, and rehydrated through descending
concentrations of ethanol series to ultimately distilled
water. Immunohistochemistry analysis was carried out as
previously described methods (13). The slides were incubated
with RP215 monoclonal antibody (gifted by Prof. XY Qiu,
Peking University), which specifically recognized cancer cell-
derived IgG (5 pg/mL) overnight at 4 °C. Immunostaining
was detected using two-step diaminobenzidine visualization
(Dako, Glostrup, Denmark). Negative controls were carried
out with the same procedure in the absence of primary
antibody. Histopathological sections were microscopically
examined and scored by two independent practiced
pathologists who were blind to the patient clinical data. The
evaluation was analyzed by no carcinoma cell stained or
the percentage of positive cells <1% were defined as IgG-
negative staining, while the positive stained cells >1% as IgG-
positive staining.

Western-blot analysis

Cells were lysed using RIPA buffer (Pierce Biotechnology
Rockford, IL, USA) with a protease inhibitor cocktail
(Roche, Basel, Switzerland). The Western blotting was
performed using standard procedures. The gel-separated
proteins were transferred to 0.45 pm polyvinylidene
difluoride (PVDF) membrane (Millipore, Billerica, MA,
USA) after electrophoresis, then incubated in RP215
(5 pg/mL, gifted by Prof. QX Yan) at 4 °C overnight. Goat
anti-human Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) antibody (Abcam, Cambridge, MA, USA) was
applied as an internal control. Immunoreactive bands were
visualized using a chemiluminescence detection system

(Pierce, Rockford, USA).

Quantitative RT-PCR

Total RNA was isolated from cancer cells using TRIzol
reagent (Life Technologies, Carlsbad, CA, USA), and
was reverse transcribed using SuperScript III reverse
transcription kit (Life Technologies, Carlsbad, CA,
USA). Analysis of mRNA expression was carried out by
quantitative PCR using the SYBR green PCR master mix
kit (KAPA, Biosystems, USA) with an ABI7500 fast real-
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time PCR system (Life Technologies, Carlsbad, California,
USA) according to the manufacturer’s protocol. The
primer sequences were designed as follows: IgG (sense)
5'-CAGGACTGGCTGAATGGC-3"' and (antisense)
5'-GGCGTGGTCTTGTAGTTGTT-3', and B-actin
(sense) 5'-CCTGTGGCATCCACGAAACT-3" and
(antisense) 5'-GAAGCATTTGCGGTGGACGAT-3".

Cell proliferation assays

For cell proliferation assay, cells (4x10*/well) were plated
into 96-well plates in triplicate. Cell viability was assessed
using Cell Counting Kit-8 (CCK-8) assay according to the
manufacturer’s protocol (Dojindo Molecular Technologies,
Beijing, China) and quantified at 0, 24, 48, 72 and 96 hours
respectively.

Cell migration and invasion assay

Cell migration and invasion assays were performed
using Transwell Inserts (Corning Incorporated, USA),
which allowed cells to pass through an 8 pm pore size
polycarbonate filter with or without Matrigel (Becton
Dickinson, San Jose, CA, USA). Equal amounts of cells
resuspended in serum-free medium were plated in the upper
chamber of each Transwell. The bottom chamber was added
with 500 pL. complete medium containing 10% FCS. Cells
were allowed to migrate for 24 h (migration assay) or 60 h
(invasion assay) before cells remained on the upper surface
were removed and those penetrated to the undersurface
were stained in Cell Stain Solution for 15 minutes. Cell
number was counted in four randomly selected microscopic

fields (200x) per well.

Statistical analysis

Statistical analyses were carried out using the SPSS software
version 19.0 statistical package (SPSS Inc., Chicago, IL,
USA). The differences of IgG expression between gastric
cancer and adjacent tissues were analyzed by chi-square
test. The relationship between IgG expression and patient
clinicopathological characteristics were tested with chi-
squared test. Survival curves were calculated with the
Kaplan-Meier method and the differences in survival
assessed by the log-rank test. The effect of different factors
on patient survival was performed firstly by univariate Cox
proportional hazards model, then by multivariate Cox
model for estimating the relative risk of IgG expression.

tcr.amegroups.com Transl Cancer Res 2016;5(3):285-293
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Figure 1 Immunohistochemical staining of cancer cell-derived IgG expression in GC. (A) IgG negative staining in adjacent noncancerous

tissues; (B) IgG negative staining in GC; (C) IgG positive staining in intestinal type GC; (D) IgG positive staining in diffuse type GC. Scale

bars: A-D =100 pm.

Table 1 Relationship between IgG expression and clinicopathological

features of GC patients

IgG expression

Variables Case No. P? value
Negative Positive
Gender 0.129
Male 169 89 80
Female 61 39 22
Age, year 0.100
<60 55 36 19
>60 176 93 83
Differentiation 0.641
Well-moderate 34 19 15
Poor 113 58 55
Undetermined 83 51 32
Lymphovascular invasion 0.556
Absent 116 67 49
Present 115 62 53
Depth of invasion 0.153
T1+T2 46 30 16
T3+T4 185 99 86
Lymph node metastasis 0.399
No 56 34 22
Yes 175 95 80
Distant metastasis 0.262
Mo 202 110 92
M1 29 19 10
TNM stage 0.095
I+11 86 54 32
N+1v 140 72 68

“, Chi-square test or Fisher’s exact test.
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The statistical analysis among experimental groups of GC
cells was assessed by two-sided Student’s #-test. P<0.05 were
considered as statistical significance.

Results
IgG protein expression in gastric cancer cases

We examined IgG expression in 231 primary GCs (109
samples have cancer and paired adjacent noncancerous
tissues) using immunohistochemical analysis. IgG did
not express in most of normal gastric mucosa and some
of gastric cancer (Figure 14,B), but overexpressed in the
intestinal and diffuse type in gastric cancer (Figure 1C,D).
The positive staining of IgG predominantly localized in the
cytoplasm and cell membrane. IgG was frequently expressed
in GC tissues compared with paired adjacent noncancerous
mucosa (42.2%, 46/109 vs. 11.0%, 12/109, P<0.0001)
(Figure 24). Among 231 GC cases, IgG positive cases were
43.7% (101/231).

Association between IgG expression and clinicopathological
features in GC

The relationship between IgG expression and
clinicopathological features was shown in Tuble 1. The
results demonstrated that IgG positive expression more
frequently detected in patients with TNM III+IV stages
when compared with those in TNM I+II stages in GC
(48.6%, 68/140 vs. 37.2%, 32/86), although this difference
failed to get statistical significance (P=0.095). There was
no significant difference between IgG expression and
gender, age, lymphovascular invasion, depth of invasion,
differentiation, distant metastasis and TNM stage (P>0.05).

tcr.amegroups.com Transl Cancer Res 2016;5(3):285-293
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Figure 2 IgG expression in the paired gastric cancer and Kaplan-
Meier survival analysis for IgG positive and negative expression.
(A) Expression of IgG in Gastric cancer (42.2%, 46/109) and their
adjacent noncancerous tissues (11.0%, 12/109); (B) Kaplan-Meier
survival curves for 5-year overall survival in GC with IgG positive

and negative expression.

IgG expression and survival in patients with GC

Kaplan-Meier survival analysis showed that patients with
IgG positive expression had a poorer prognosis than those
with negative expression (5-year overall survival rate, 31.6%
vs. 44.6%, P=0.0361) (Figure 2B).

The results of univariate survival analysis for
S-year overall survival of GC patients indicated that
lymphovascular invasion, depth of invasion, lymph node
metastasis, distant metastasis, TNM stage and IgG
expression were significantly affected the survival of GC,
respectively (P<0.05). Furthermore, the Cox multivariate
model demonstrated that IgG expression level was an
independent prognostic factor (P=0.018, HR =1.508,
95% CI: 1.073-2.120). As expected the depth of invasion
(P=0.005, HR =2.765, 95% CI: 1.365-5.601), lymph node
metastasis (P=0.000, HR =3.564, 95% CI: 1.872-6.787),
distant metastasis (P=0.000, HR =5.631, 95% CI: 3.485-
9.097) also independently predicted 5-year overall survival
(Tible 2).
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IgG promotes proliferative and metastatic ability

We firstly examined the expression of IgG by Western-
blot assay in 5 GC cell lines (MKN28, AGS, MGC803,
BGC823, and SGC7901) (Figure 34). To investigate the
possible role of IgG in GC, the specific siRNAs against
IgG were synthesized and transfected to the BGC823 and
AGS cells. The efficiency of knockdown was confirmed
by RT-PCR (Figure 3B,C). As depicted in Figure 3D,E,
IgG knockdown inhibited cell growth in both BGC823
and AGS cells. The prometastatic capability of IgG was
analyzed by migration and invasion assay using transwell
chamber. Results showed that cell migration and invasion
were significantly reduced in the IgG knockdown cells
(P<0.001) (Figure 4) compared to siControl. Taking BGC-
823 cells as example, cells transfected with siRNA-1 and
siRNA-2 showed a 3.3- and 4.8-flod reduction of migration
compared to those with siControl, respectively. Likewise,
the same tendencies were observed in invasion assay.

Discussion

Gastric cancer is still one of the leading causes of death
worldwide. Although it has improved over the past decades
for enhancement of cancer awareness, improvement of
surveillance systems and multidiscipline treatment, the
overall survival rate is still unsatisfactory (1). In this regard,
developing sensitive and specific molecular biomarkers is a
major challenge in clinical oncology.

Conventional view regards elevated level of Ig in cancer
patients as humoral responses of host to cancer cells.
However, immunoglobulin genes and proteins have been
recently found in different types of cancer cell lines and
tissues (10,14-20). This kind of IgG was produced by cancer
cells and played vital roles in tumorigenesis. Blockade of
tumor-derived IgG increased programmed cell death and
inhibited growth of cancer cells in vitro (21). Additionally,
administration of anti-IgG antibody also suppressed the
growth of xenografts in immunodeficient nude mice
(8,22). Although the function of traditional IgG in many
different cancers has been studied, the expression and
effects of cancer cell-derived IgG in GC remains unclear.
In the present study, we firstly found cancer cell-derived
IgG expression in GC cell lines and primary GC tissues
using western-blotting and immunohistochemical analysis,
in which RP215 antibody specifically against cancer cell-
derived IgG was used (9,23,24).

Previous study indicated that cancer-derived IgG

tcr.amegroups.com Transl Cancer Res 2016;5(3):285-293
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Table 2 Results of univariate and multivariate Cox’s models for OS of GC patients

Univariate analysis

Multivariate analysis

Variables b
HR 95% ClI P? value HR 95% CI P® value
IgG expression
Negative vs. positive 1.410 1.015-1.961 0.041 1.508 1.073-2.120 0.018
Lymphovascular invasion
Absent vs. present 2.091 1.495-2.925 0.000
Depth of invasion
T1+T2 vs. T3+T4 5.638 2.866-11.091 0.000 2.765 1.365-5.601 0.005
Lymph node metastasis
NO vs. N1+2+3 5.856 3.159-10.856 0.000 3.564 1.872-6.787 0.000
Distant metastasis
MO vs. M1 6.801 4.353-10.627 0.000 5.631 3.485-9.097 0.000
Differentiation
Well-moderate vs. poor 1.097 0.678-1.772 0.707
Gender
Male vs. female 0.819 0.555-1.210 0.317 0.879 0.590-1.309 0.525
Age
<60 vs. >60 1.248 0.837-1.859 0.277 1.061 0.700-1.607 0.781
? Log-rank test; °, cox regression test. GC, gastric cancer; HR, hazard ratio.
A . . B BGC-823 C AGS
> S q?:b /\QQ
S <4 I o 0.00. 0.004
R AR R < 58 58
. 5 9 0.00 5 & 0003
' z 0 z 0
d } ] } § %0.002 E’ % 0.002
oG . - - &S oo B o001
s ez
€ 0.000 . € 0.000 :
GAPTDH >
—_— - o = e (&o A R ‘ RS ({\,\o\ 2 &
& & & &P & &
D BGC-823 E AGS
3.0- e 3.0 o
wer -e- Control -o- Control
£ 259 - si-121 T 25 - si-121
a8 2o —+-5i-122 & 20- " - si-122
e )
£ 1.54 1.54
E E
% 1.0+ % 1.04
S o5 8 051
0.0 0.0
0 0 1 2 3 4 0 0 1 2 3 4
Days Days

Figure 3 Effects of cancer-derived IgG on cell proliferation. (A) IgG expression level in GC cell lines detected by Western-blot assay; (B,C)
efficient IgG silencing was confirmed by RT-PCR; (D,E) growth curves determined by CCK-8 assay in BGC-823 and AGS. All data are

shown as mean = SE of three independent experiments. ** P<0.01; *** P<0.001.
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Figure 4 Effects of cancer cell-derived IgG on cell migration and invasion. Migration assay (A and B: left upper panels) and invasion assay (A
and B: left lower panels) in BGC-823 and AGS cells transfected with siControl, siRINA-1 and siRNA-2. Quantitative analysis of the number
of cells migrated to the lower side of the membrane is shown (A and B: right panel). All data are shown as mean + SD of three independent

experiments. ** P<0.01; *** P<0.001. Scale bars: A, B =100 pm.

overexpression in colorectal cancer was correlated with
the expression of Cyclin D1, NF-kB and PCNA, which
have been found to be related with more aggressive tumor
growth (25). Our present research suggested that IgG was
frequently expressed in GC tissues when compared with
paired adjacent noncancerous mucosa. High level of IgG
expression was more frequently detected in patients with
TNM III + IV stages in GC. Multivariate Cox regression
analysis showed that IgG expression was an independent
prognostic factor in GC patients. The increased expression
of IgG in GC tissues and its prognostic indicator showed
that cancer cell-derived IgG might present malignant
characteristics.

For the function of IgG in GC, we found IgG was
involved in biological behaviors by affecting GC cell
proliferation, migration and metastasis. Knockdown of
IgG using two siRNAs decreased cell proliferation, and
suppressed the cell migration and invasion capacity. Thus,
it’s rational to speculate that, when the tumor ectopically
expressed IgG, it might be a promotive signal in tumor

© Translational Cancer Research. All rights reserved.

progression. These findings were also confirmed by
previous studies (12,21,25). Downregulation of IgG in
colorectal cancer or lung adenocarcinoma resulted in a
reduction of cell migration, invasion and increased cell
apoptosis (12,25). Recent study indicated cancer cell-
derived IgG exert its cancer progression through MTA1
signaling pathway in lung cancer (26). Wang ez 4l. recently
reported that cancer cell-derived IgG could affect LPS-
induced proinflammatory cytokine production through
binding to Toll-like receptors in cervical cancer cells (27).
Meanwhile, Wang et 4/. indicated cancer cell-derived IgG
can increase cell growth and proliferation via activating
MAPK/ERK signaling pathway (28). These investigations
suggested that cancer cell-derived IgG might be associated
with the malignant potential of tumor cells and would offer
a target to cancer therapy and diagnosis.

We have firstly analyzed the expression of cancer
cell-derived IgG in GC and its relationship with
clinicopathological features. IgG was overexpressed in
GC and served as a promising prognostic marker in

ter.amegroups.com Transl Cancer Res 2016;5(3):285-293
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management of patients. In addition, IgG played an
important role in tumorigenesis and progression by
promoting cell proliferation and enhancing cell migration
and invasion ability. Our findings suggested IgG could be
a candidate target for future gastric cancer diagnosis and
therapy.
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