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Abstract

Objective: Currently, no satisfactory targets for colorectal cancer or markers for immunotherapy and diagnosis

and prognosis are available. Immunoglobulin G (IgG) is widely expressed in many cancers, and it promotes cancer

progression. This study explored the role of cancer-derived IgG (CIgG) in colorectal cancer.

Methods: First, using a monoclonal antibody to CIgG, we examined the expression levels of CIgG in colorectal

cancer  cell  lines  by  western  blot  and  immunofluorescence  analyses  and  in  tissue  specimens  by  immuno-

histochemistry. Second, the variable region gene was amplified by nested polymerase chain reaction (PCR), and

PCR products were sequenced and analyzed. Third, we investigated the effect of CIgG on colorectal cancer cells by

cell proliferation, wound healing, migration and invasion assays, and colony formation assay. Fourth, we performed

in vivo tumorigenicity experiments to explore the effect of CIgG on tumorigenicity. Finally, we used RNA-seq

analysis and co-immunoprecipitation experiments to further clarify possible mechanisms of CIgG.

Results: We found that CIgG is widely expressed in colorectal cancer cells, and the overexpression of CIgG

indicates significantly poor colorectal cancer prognosis. Furthermore, CIgG knockdown significantly inhibits the

proliferation, migration and invasion ability of cells, and tumor growth in vivo. RNA-seq analysis indicated that

CIgG knockdown results  primarily  in  changes  in  expression of  apical  junction and epithelial-mesenchymal

transition-related genes. CIgG may be involved in colorectal cancer invasion and metastasis through interacting

with E-cadherin.

Conclusions: CIgG is a potential human oncogene in colorectal cancer and that it has potential for application

as a novel target in targeted therapy and a marker for prognostic evaluation.
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Introduction

Colorectal  cancer,  one  of  the  most  common  types  of

cancer, has the third highest incidence rate and the fourth

highest mortality rate worldwide (1). In recent years, the

incidence of colorectal cancer in China has been steadily
rising, and its incidence is increasing in younger age groups
(2,3).  Although  new surgical  techniques  and  treatment
strategies such as total mesenteric resection and “no-touch”
isolation are continually being developed, the prognosis of
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patients  with  colorectal  cancer  remains  unsatisfactory.
Metastasis  is  a  major  cause  of  colorectal  cancer-related
death. Therefore,  new clinical  treatments for colorectal
cancer are urgently needed. Tumor immunotherapy has
shown  great  promise,  but  immunotherapy,  especially
immunocytotherapy, depends on the availability of specific
targets  on  tumors.  However,  at  present,  there  is  no
effective specific target for immunocytotherapy or targeted
therapy  in  colorectal  cancer.  In  addition,  although
molecular  markers  such  as  carcinoembryonic  antigen
(CEA), carbohydrate antigen (CA)125 and CA19-9 have
been  widely  used  in  clinical  diagnosis  and  prognostic
evaluation,  no  markers  are  available  to  provide  critical
information for  the early  diagnosis  and management of
colorectal cancer patients (4,5). Therefore, new molecular
markers must be identified as a supplement to the current
markers.

Accumulating  evidence  shows  that  immunoglobulins
(Igs), especially IgG, are highly expressed in a variety of
non-B cells from a variety of tumor tissues, including breast
carcinoma (6), esophagus carcinoma (7), lung cancer (8,9),
prostate cancer (10), bladder cancer (11), papillary thyroid
cancer (12) and colorectal cancer (13). Since the discovery
of Ig expression in non-B cell tissues (14,15), this topic has
received increasing attention. There is strong evidence that
IgG  in  cancerous  tissues  is  derived  from  cancer  cells
themselves (8,11). Therefore, this non-B cell-derived IgG
has been termed cancer-derived IgG (CIgG). Studies have
suggested that CIgG is more likely to lead to malignant
biological  behavior  than  to  exert  antibody  functions
(8,9,11,14-18), in contrast to the traditional understanding
that IgG is produced by B-lineage lymphocytes and is an
important  part  of  the  immune  response.  Recently,  the
heavy  chain  of  CIgG has  been  found  to  have  a  special
epitope containing non-classical N-glycosylation sites on
the CH1 domain, and the N-glycan structure is essential
for the progression of lung squamous cancer via activation
of  the  FAK  pathway  (8).  Importantly,  the  N-glycan
structure  can  be  recognized  by  a  monoclonal  antibody
(RP215)  chain  (8,19,20).  RP215 was  first  discovered in
1997 by Gregory Lee et al. (21) in one of 3,000 hybridomas
from mice immunized with cell extract from OC-3-VGH
ovarian cancer cells. RP215 has been found to recognize
only some cancer cells but not normal cells. However, for a
long time, the nature of the antigen recognized by RP215
was  unclear.  In  recent  years,  substantial  evidence  has
indicated that RP215 specifically recognizes CIgG but not
B cell-derived IgG or mesenchymal tumor-derived IgG

(8,20).  However,  the  expression  pattern  of  CIgG
recognized  by  RP215  in  colorectal  cancer  remains
unidentified to date.

In this study, we first investigated the expression patterns
of  CIgG  in  colorectal  cancer  through  immunohisto-
chemistry analysis using RP215, and we found that RP215
recognizes primarily cancer cells but not normal colorectal
epithelial cells. The high expression of CIgG indicates poor
colorectal cancer prognosis. Next, we further confirmed
the  IgG  expression  in  colorectal  cancer  cell  lines,  and
explored the role of CIgG in colorectal cancer progression
by knocking down CIgG. We found that CIgG may play
an important role in the progression of colorectal cancer by
interacting with E-cadherin.

Materials and methods

Cell culture and reagents

SW480, SW620, HT-29, HCT-8 and HCT-116 cell lines
were obtained from the Cell Bank of the Chinese Academy
of Sciences (Beijing, China). SW480 and HCT-116 cells
were  both  maintained  in  IMDM  (Gibco,  USA)
supplemented with 10% fetal bovine serum (FBS). HT-29,
SW620 and HCT-8 cells were maintained in 1640 medium
(Gibco, USA) supplemented with 10% FBS.

Protein extraction and western blot analysis

Total protein was extracted with RIPA lysis buffer. The
protein concentration was determined through the BCA
method  (Kangwei  Century  Co.,  Ltd.,  Beijing,  China).
Protein  samples  (25  µg)  were  separated  by  8% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE)  and  transferred  to  a  polyvinylidene  fluoride
membrane (Millipore, USA). The membrane was blocked
in 5% non-fat milk for 1 h at room temperature, incubated
overnight at 4 °C with primary antibodies and subsequently
incubated with conjugated secondary antibody for 1 h at
room temperature. Immunoreactive bands were detected
with SuperSignal West Pico Chemiluminescent Substrate
(Thermo Fisher Scientific, Inc., USA).

Immunofluorescence

Colorectal cancer cells were seeded in chamber slides. The
cells were washed twice and fixed with 4% formaldehyde.
After  incubation in  blocking buffer  (5% BSA),  primary
antibodies  were  applied  to  the  cells  and  incubated
overnight. After being washed three times with PBS, the
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cells were incubated with the secondary antibodies for 1 h
in the dark at room temperature. After being washed three
more  times  with  PBS,  the  cells  were  coverslipped with
a n t i f a d e  m o u n t i n g  m e d i u m  c o n t a i n i n g  2 - ( 4 -
amidinophenyl)-6-indolecarbamidine  dihydrochloride
(DAPI).

Nested  and  touchdown  PCR  and  analysis  of  gene
rearrangement

Nested PCR was used to amplify the variable region gene
in  SW480 cells.  In  the  first  round of  PCR,  touchdown
PCR was used to increase the specificity and sensitivity of
the PCR amplification. The upstream primers were VH1-
FR1 (5’-GAGGTGCAGCTCGAGGAGTCTGGG-3’),
VH2-FR1 (5’-CAGGTGCAGCTCGAGCAGTCTGGG-
3’),  VH3-FR1  (5’-CAGGTACAGCTCGAGCAGT
CAGG-3’) and VH4-FR1 (5’-CAGGTGCAGCTGCTCGA
GTCGGG-3’),  and the downstream primer was a CH1
region  primer  (5’-ACACCGTCACCGGTTCGG-3’).
PCR was performed with a 2× Taq PCR Master Mix kit
(Biomed,  China).  The  reaction  conditions  of  the
touchdown PCR were as follows: denaturation at 94 °C for
5 min, denaturation at 94 °C for 30 s, annealing at 59 °C
for 30 s, polymerization at 72 °C for 30 s for the first cycle,
17  cycles  with  decreases  of  2  °C  increments  at  each
annealing, 20 cycles with the same annealing conditions at
47 °C for 30 s and a final elongation step for 7 min at 72 °C.
In the second round of PCR, the upstream primer was VH-
FR2 (5’-TGGRTCCGVCAGSCYCCNGG-3’), which was
coupled  wi th  the  downstream  pr imer  JH  (5 ’ -
AACTGCAGAGGAGACGGTGACC-3’). The reaction
conditions for the second round of PCR were as follows:
pre-incubation  at  95  °C  for  15  min,  38  cycles  of
denaturation at 94 °C for 1.5 min, annealing at 57 °C for
1.5  min,  polymerization at  72  °C for  3  min and a  final
extension step at 72 °C for 7 min.

The PCR products were cloned into a pGEM-T Easy
Vector (Promega Co., Madison, WI, USA) and sequenced
with  an  ABI3100  DNA  sequencer  (Thermo  Fisher
Scientific, Applied Biosystems, Waltham, MA, USA). The
VHDJH  sequences  were  analyzed  with  the  Basic  Local
Alignment Search Tool (BLAST).

Tissue microarray and immunohistochemistry analysis

Tissue microarrays were obtained from the tissue specimen
bank of Shanghai Xinchao Biological Technology Co., Ltd.
Clinicopathological features such as the TNM stage, tumor

size, histological stage, lymph node metastasis and survival
were recorded. The follow-up time was 60 months. Overall
survival (OS) was determined from the first surgery to the
date of death or last follow-up.

Tissues  were  deparaffinized  and  rehydrated,  and  the
antigen was retrieved by boiling in 1 mmol/L Tris/EDTA
buffer (pH 9.0) in a microwave oven. After being washed
with  PBS,  tissues  were  blocked  with  10% normal  goat
serum for 30 min and incubated with primary antibodies
overnight at 4 °C. Immunostaining was performed with an
EnvisionTM  ABC  kit  (GeneTech  Co.,  Ltd.,  Shanghai,
China). A pathologist independently evaluated the extent
and intensity  of  RP215 staining and was blinded to the
clinical  data.  Immunoreactivity  in  the  cytoplasm  was
quantified  as  described  previously  (8).  The  percentage
staining intensity was recorded, including negative staining
(0), weak staining (1+), moderate staining (2+) and strong
staining  (3+).  The  staining  intensity  scores  were  then
multiplied by the corresponding percentage of  staining.
Scores were defined as low (<100), moderate (100−200) and
high (200−300).

siRNA synthesis and cell transfection

Two human siRNA sequences were designed against the
constant  region  of  the  non-B Ig  γ-chain:  siRNA-1  (5’-
GGUGGACAAGACAGUUGAG-3’)  and siRNA-2 (5’-
AGUGCAAGGUCUCCAACAA-3’). A negative control
siRNA (siNC) was synthesized by Shanghai GenePharma
Co., Ltd. (Shanghai, China). The siRNAs were transfected
into  the  SW480  cell  line  with  Lipofectamine  3000
(Thermo Fisher Scientific) for 48 h, and then incubated in
IMDM with 10% FBS for 48 h. The knockdown efficiency
of IgG was verified by western blot analysis.

Cell proliferation assays

SW480 cells were plated in 96-well plates at a density of
2,000 cells/well. The cell viability was assessed on d 1, 2, 3,
4  and  5.  Cell  counting  Kit-8  (CCK8)  (10  µL,  Dojindo
Laboratories, Japan) was added into each well. After 4 h of
incubation, the optical density of each well was measured at
450  nm  with  an  enzyme  linked  immunosorbent  assay
(ELISA) reader (Bio-Rad).

Wound healing assay

Cells were cultured in six-well plates until about 90% of
cell  confluence  was  reached.  Then,  the  confluent
monolayer of  SW480 cells  was wounded with a 200-µL
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sterile pipette. Images were captured at 0, 24 and 48 h to
assess wound closure.

Invasion assays

SW480 cell invasion were assayed in a Transwell chamber
with 8 μm pores (Corning). The lower compartment of the
chamber was filled with 10% FBS. A total of 1×105 cells
were seeded into the upper compartment.  After 48 h of
incubation,  respectively,  the membranes were fixed and
stained with 0.1% crystal violet for microscopic analysis.

Colony formation assays

SW480 cells were plated in six-well plates (500 cells/well)
and cultured for 14 d to allow colony formation. Then the
cells  were fixed and stained with 0.1% crystal  violet for
counting.

Transfection of SW480 cells with shRNAs and RNA-seq
of transfected cells

The  lentiviral  vector  pGLV3/H1/GFP+puro  vector
–siRNA-1 was produced by Shanghai GenePharma Co.,
Ltd. (Shanghai, China) and transfected into SW480 cells at
a  multiplicity  of  infection  of  40.  As  a  negative  control
(shNC), empty shRNA transfer vector was used. After six
rounds  of  puromycin  selection,  RNA-Seq  analysis  was
performed on the transfected SW480 cells.

Total RNA was extracted from the transfected SW480
cells with TRIzol reagent (Invitrogen, Carlsbad, CA, USA).
cDNA library construction and Illumina sequencing of the
samples  were  performed  at  Novogene  Bioinformatics
Technology Co., Ltd. (Beijing, China). Briefly, sequencing
libraries were generated with a NEBNext® UltraTM RNA
Library Prep Kit for Illumina® (NEB, USA) according to
the manufacturer’s recommendations, and index codes were
added to attribute sequences to each sample. The clustering
of  the  index-coded  samples  was  performed  on  a  cBot
Cluster Generation System with a TruSeq PE Cluster Kit
v3-cBot-HS (Illumina)  according to the manufacturer’s
instructions.  After  cluster  generation,  the  library
preparations  were  sequenced  on  the  Illumina  HiSeq
platform,  and  125  bp/150  bp  paired-end  reads  were
generated. After quality control and quantification of gene
expression,  Gene Ontology and Kyoto Encyclopedia  of
Genes  and  Genomes  (KEGG)  enrichment  analyses  of
differentially  expressed  genes  were  performed with  the
clusterProfiler R package (Version 3.12.0; Bioconductor).

In vivo tumorigenicity experiments

Animal  studies  were  performed in  compliance  with  the
Institutional Animal Care and Use Committee of Peking
University  People’s  Hospital.  To  explore  the  effect  of
CIgG  on  tumorigenicity,  we  performed  subcutaneous
injection of CIgG-shRNA1 and shNC stably transfected
SW480  cells  into  BALB/c  nude  mice.  The  mice  were
randomized  into  two  groups  (n=6  per  group),  and
approximately 1.0×106 cells in 100 μL of PBS were injected
into 6- to 8-week-old female mice. Tumor growth after
inoculation was monitored for up to 40 d, and then all mice
were sacrificed. Tumor diameters were measured with a
caliper,  and  tumor  volume  was  calculated  as  (width2  ×
length)/2.

Statistical analysis

Data  are  presented  as  .  Statistical  analyses  were
performed with t-test for two groups or one-way analysis of
variance (ANOVA) followed by t-test for three or more
groups. Multivariate survival analysis was carried out by
using Cox’s regression model. Kaplan-Meier analyses were
performed for analysis of survival times according to the
RP215-CIgG expression levels. All tests were two-sided,
and P<0.05 was considered statistically significant. Data
analysis was performed using IBM SPSS Statistics (Version
20.0; IBM Corp., New York, USA) and GraphPad Prism
7.0 software (GraphPad, San Diego, USA).

Results

CIgG  significantly  indicated  poor  colorectal  cancer
prognosis

Tissue microarrays comprised samples from 100 patients
with colorectal cancer, including 80 matched tumor and
normal tissue samples, and 20 tumor tissue samples. Using
immunohistochemistry, we first investigated the differences
in  immunostaining  patterns  between  the  RP215  and
commercial  anti-IgG antibody in  colorectal  cancer  and
normal tissues. The results revealed that CIgG was mainly
distributed within the cancer nest of cancer tissues, whereas
commercial  anti-IgG recognized  both  cancer  cells  and
stromal cells of colorectal tissues (Figure 1A). Subsequently,
we used a tissue microarray of cancer tissues and RP215
immunohistochemistry to analyze the correlation between
CIgG  express ion  and  cl inical  and  pathological
characteristics. We found that CH1-related glycosylated
CIgG was mainly distributed in the cancer nest of cancer
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tissues (55/100, 55%) compared with that in normal tissues
adjacent  to  cancer  tissues  (6/80,  7.5%).  Moreover,  all
positive  CIgG  staining  in  normal  tissues  showed  low
intensity. Additionally, the proportions of moderate/high
expression of  CIgG in  cancer  tissues  were  significantly
higher (30/100, 30%) than those with low expression of
CIgG  (25/100,  25%).  Kaplan-Meier  survival  analysis
showed that moderate/high CIgG expression in colorectal
cancer tissue predicted worse OS compared with low or no
CIgG expression (P=0.001) (Figure 1B). Then, multivariate
Cox regression analysis demonstrated that CIgG staining
intensity, lymph node metastasis, TNM stage, and tumor
location were independent prognostic factors with regard
to 5-year OS (Table 1).

CIgG is frequently expressed in colorectal cancer cell lines

To  address  whether  the  expression  of  CH1-related
glycosylated CIgG might be observed in colorectal  cell
lines,  we detected the CIgG in five colorectal  cell  lines,
HT-29,  HCT-116,  HCT-8,  SW620  and  SW480,  by
western blot.  The results  showed expression of  RP215-

·

Ig·

recognized CIgG in HT-29, HCT-8 and SW480, but not
in HCT-116 and SW620. However, the IgG heavy chain
was found in HCT-116, and the Ig light chain (  chain)
was  found  in  all  colorectal  cancer  cell  lines  by  using
commercial anti-IgG heavy chain or anti-human  chain
antibodies, respectively. The SW480 cell line showed the
highest  CIgG expression among all  examined cell  lines
(Figure 2A).  Immunofluorescence analysis also indicated
higher CIgG expression in SW480 than in HCT-116 cells;
and  the  CIgG  was  mainly  localized  in  the  cytosol,
cytomembrane and extracellular matrix of the cancer cells
(Figure 2B).

To further verify that CIgG is produced by colorectal
cancer cells, rearranged transcripts of the IgG heavy chain
in SW480 cells were amplified and analyzed. As expected,
the functional VDJ rearrangement of CIgG heavy chain
was  found in  the  colorectal  cancer  cell  line.  Moreover,
similarly  to  previous  findings  (11,22-24),  the  VDJ
recombination of IgH variable region (VHDJH) of SW480-
derived  IgG showed  restrictive  diversity,  and  IGHV3-
23/IGHD3-22/IGHJ4  appeared  at  a  high  frequency
(Figure 2C).

 

Figure 1 Cancer-derived IgG (CIgG) expression in colorectal cancer and normal tissues. (A) Immunohistochemistry (IHC) analysis of
CIgG expression in colorectal cancer and normal tissues. Scale bars, 100 μm; (B) Kaplan-Meier survival analysis showed that moderate/high
CIgG expression (staining score >100) in colorectal cancer tissue predicted worse overall survival (OS) compared with low or no CIgG
expression (staining score ≤100) (P=0.001).
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Knockdown of CIgG inhibited SW480 cell proliferation,
migration and invasion in vitro, and tumor growth in vivo

To  determine  the  role  of  CIgG  in  colorectal  cancer
progression,  we  knocked  down  CIgG  in  SW480  to
elucidate the role of CIgG in tumor progression. Using
siRNA or siNC in SW480 cells,  we down-regulated the
CIgG expression  (Figure  3A).  Because  of  the  sequence
complexity of the immunoglobulin variable region, we used
two  siRNAs  targeting  the  constant  region.  CIgG
knockdown significantly inhibited cell growth in CCK8 cell
proliferation  assays  (Figure  3B)  and  decreased  colony
formation ability (siRNA-1 vs. siNC, P=0.014; siRNA-2 vs.
siNC, P=0.001) (Figure 3D). Subsequently, we assessed cell
migration by using wound healing assays. The knockdown
of CIgG suppressed the wound healing ability of SW480
cells  (24 h wound healing:  siRNA-1 vs.  siNC, P=0.014;
siRNA-2 vs. siNC, P=0.002; 48 h wound healing: siRNA-1
vs.  siNC, P=0.002; siRNA-2 vs.  siNC, P=0.002) (Figure
3C).  Similarly,  the  siRNAs  significantly  decreased  the
invasion  of  SW480  cells  (siRNA-1  vs.  siNC,  P=0.007;
siRNA-2 vs. siNC, P=0.006) (Figure 3E).

In addition, we determined whether knockdown of CIgG
might inhibit tumor growth in vivo. SW480 cells with or
without CIgG knockdown were injected subcutaneously
into  nude mice  to  establish  a  colorectal  cancer-bearing

model, and tumor growth rates observed. We found that
the tumor growth rate was significantly inhibited in the
shRNA group (n=6) compared with the control group (n=6)
(Figure  3F).  The  average  tumor  size  and  weight  in  the
shRNA group were significantly lower than those in the
control group (P=0.028, P=0.029, respectively; Figure 3F).

shRNA against  CIgG primarily  results  in  changes  in
expression of apical junction and epithelial-mesenchymal
transition-related genes

To further investigate the mechanism underlying CIgG’s
role in cancer cells, we performed CIgG RNA interference
with  shRNAs  in  SW480  cells.  RNA-seq  was  then
performed to profile the transcriptomic changes.  In the
shRNA-1  transfected  group  compared  with  the  shNC
group, a total of 268 differentially expressed genes (DEGs)
were identified, including 71 down-regulated and 197 up-
regulated genes (Figure 4A). Among the cellular component
(CC) gene ontologies, DEGs showed enrichment in terms
related  to  the  plasma  membrane,  the  transmembrane
complex and extracellular matrix, whereas the top-enriched
biological process ontologies were related to developmental
processes  and cell  differentiation.  In  addition,  the  top-
enriched molecular function terms were receptor-ligand
binding and transporter activity (Figure 4C). Specifically,
DEGs in the top-enriched CC terms, which were related to

Table 1 Cox’s proportional hazards model analysis of prognostic factors in patients with colorectal cancer

Variables HR 95% CI P

CIgG staning (None-low vs. Mid-high) 0.467 0.248−0.879 0.018

Gender (Male vs. Female) 1.242 0.682−2.261 0.478

Age (<60 vs. ≥60 years) 1.819 0.881−3.754 0.106

Tumor size (≥5 vs. <5 cm) 0.531 0.278−1.015 0.056

Tumor location

　Ascending − − 0.299

　Hepatic flexure 1.391 0.632−3.059 0.412

　Transverse 1.846 0.781−4.363 0.162

　Splenic flexure 4.373  1.055−18.123 0.042

　Descending 0.431 0.052−3.571 0.436

　Sigmoid 1.182 0.417−3.345 0.753

Histological grade (I−II vs. III−IV) 1.513 0.806−2.843 0.198

Infiltration depth (T1−T2 vs. T3−T4) 1.080 0.122−9.583 0.945

Lymph node metastasis (N0 vs. N1−N2) 0.391 0.204−0.748 0.005

Metastasis (M0 vs. M1) 0.445 0.170−1.165 0.099

TNM stage (I−II vs. III−IV) 0.498 0.277−0.895 0.020

CIgG, cancer-derived IgG; HR, hazard ratio; 95% CI, 95% confidence interval.

504 Jiang et al. Cancer IgG in colorectal cancer

© Chinese Journal of Cancer Research. All rights reserved. www.cjcrcn.org Chin J Cancer Res 2019;31(3):499-510



components of the plasma membrane, showed substantial
up-regulation in the shRNA-1 group (Figure 4C). We next
performed enrichment analysis on the hallmark gene sets
from MSigDB and the reference pathways in the KEGG
database.  Apical  junction  and  epithelial-mesenchymal
transition terms were  among the  significantly  enriched
MSigDB gene sets, and the top-enriched KEGG pathways
included  cell  adhesion,  extracellular  matrix  receptor
interaction and focal adhesion (Figure 4B).

To better  understand the  mechanism underlying  the
preference  of  colorectal  cancer  cells  to  interact  with
components of the plasma membrane, as indicated by the
RNA-Seq  results,  we  analyzed  the  protein  complexes
generated by co-immunoprecipitation (Co-IP) with RP215.
We focused on the plasma membrane proteins E-cadherin
and  β-catenin,  among  the  proteins  identified  by  liquid
chromatography-tandem-mass  spectrometry  analysis.
Western blot analysis  revealed that RP215 pulled down
both E-cadherin and β-catenin (Figure 4D).  After CIgG
knockdown, the expression of E-cadherin increased, and
the expression of c-Myc decreased (Figure 4E). Immuno-
fluorescence analysis demonstrated that the knockdown of

CIgG attenuated the fluorescence intensity  at  adherens
junctions between cells (Figure 4F).

Discussion

The roles of  non-B cell  IgG are rapidly being revealed,
largely through use of the CIgG-specific antibody RP215.
Although RP215 and non-B cell IgG were discovered by
different research teams 20 years ago, the researchers did
not  initially  link  the  two  (21,25).  Lee  et  al.  (19,20,26)
thought that RP215 mainly recognizes a cancer-associated
antigen, CA215, which has been detected as a pan cancer
marker in many types of human cancerous tissues. It was
not until recently that the antigen recognized by RP215
was discovered to be CIgG, which is expressed by many
cancer cells  (26,27).  Before that point,  studies on CIgG
mainly depended on commercial IgG antibodies; therefore,
previous  research  on  immunohistochemistry  reactions
using commercial IgG antibodies may not be sufficient to
demonstrate that all positive reactions are caused by CIgG
(5,10,12,13,28). In this report, we showed that when the
expression of CIgG is inhibited by shRNA in SW480 cells,
growth,  migration and invasion are  suppressed  in  vitro.

 

Ig·

Figure 2 Cancer-derived IgG (CIgG) expression in colorectal cancer cells and transcripts with a unique pattern of VHDJH rearrangement.
(A) Lysates of colorectal cancer cells, including HT-29, SW620, HCT-116, SW480 and HCT-8, were analyzed by western blot using
RP215 or commercial anti-human IgG antibody [anti-IgG F(C) and anti- ]; (B) Localization of RP215-CIgG in SW480 and HCT-116
cells was analyzed by immunofluorescence staining using RP215 (green). Scale bars, 50 μm; (C) SW480 cells’ sequences carrying VHDJH

compared with the best matching functional germline gene. Dots, identical sequences; capital letters, mutant parts.
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Figure 3 Knockdown of cancer-derived IgG (CIgG) inhibited SW480 cell proliferation, invasion and migration. (A) Western blot showed
that  CIgG was  down-regulated in  colorectal  cancer  cells  after  transfection with siRNAs;  (B)  Knockdown of  non-B-IgG inhibited
proliferation of SW480 cells. The relative growth (OD values) was assessed with cell counting Kit-8 assays. *, P<0.05; **, P<0.01. siNC,
normal control siRNA; siRNA, small interfering RNA; OD, optical density; (C) Wound healing assay was performed on SW480 cells
treated with siRNAs or siNC. The wound breadth was measured at the indicated time points; (D) SW480 cells were treated with siRNAs or
siNC for 48 h. The plates were stained and photographed 14 d later. Colony percentages were calculated; (E) CIgG inhibition suppresses
SW480 cell migration and invasion; (F) Suppression of tumor growth by inhibition of CIgG in SW480 cell subcutaneous xenografts. Scale
bar, 5 mm.
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Figure 4 Cancer-derived IgG (CIgG) may play a key role by interacting with membrane E-cadherin. (A) Up-regulated and down-regulated
differentially expressed genes (DEGs) in shRNA-1 vs. shNC transfected SW480 cells; (B) Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways and hallmark gene set annotations of DEGs; (C) Gene Ontology categorization of DEGs; (D) Total cell lysates from
SW480 cells were extracted and subjected to immunoprecipitation assays using RP215. Western blots were performed for E-cadherin, β-
catenin or RP215-CIgG; (E) Total cell lysates from SW480 cells, transfected with shRNA-1 or shNC, were analyzed by western blot with
antibodies to E-cadherin, c-Myc or β-Actin; (F) E-cadherin was analyzed by immunofluorescence (IF) staining. Arrows, adherens junctions.
Scale bars, 50 μm.
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Analysis  of  CIgG expression with  RP215 in  a  group of
colorectal cancer and normal tissues suggested that CIgG is
expressed primarily within the cancer nest of cancer tissues,
and a strong positive correlation was observed between the
expression of CIgG and poor prognosis of patients with
colorectal cancer.

On the basis of our data, the IgG expression determined
with  a  commercial  IgG  antibody  differed  between
colorectal  cancer  and  normal  tissues,  whereas  a  large
proportion of positive expression was found in the stroma
of cancer tissues. This finding suggested that the positive
staining reaction of general IgG antibody may be partly
derived from infiltrating lymphocytes in the cancer tissues,
which is clearly different from those for CIgG. In contrast,
positive  staining  of  CIgG  was  observed  mainly  in  the
cancer nest of cancer tissues; hence RP215 can be used to
distinguish between cancerous tissues and normal tissues.
Moreover,  CIgG showed promising value in predicting
patient prognosis: its statistical strength was even stronger
than that of TNM staging, an evaluation index used for
prognosis in clinical applications. CIgG staining intensity,
lymph node metastasis, TNM stage, and tumor location
may have value in the prognosis of patients with colorectal
cancer in the present cohort. Researchers should consider
the potential  value of  using CIgG to distinguish cancer
from adjacent tissues and predict the prognosis of patients.

The  non-B  cell-derived  Ig  heavy  chain  displays  a
restricted diversity, which is different from the diversity of
B  cell-derived  Ig.  Similarly,  VHDJH  rearrangements  of
colorectal cancer cell-derived CIgG transcripts also showed
unique  patterns.  Sheng  et  al.  (11)  have  reported  that
IGHV3-30  is  the most used gene in bladder cancer cells.
Zheng  et  al.  (29)  have  used  the  laser  capture  micro-
dissection method to capture breast cancer cells and have
found  new  VHDJH  recombination  sequences  without
homology to known sequences for tumor-infiltrating B-
lymphocytes. A recently published study by Geng et al. (24)
has  reported  that  the  sequence  of  variable  regions  in
colorectal cancer has a limited rearrangement pattern. In
this  study,  we  found  that  IGHV3-23  was  a  frequently
encountered sequence in 4 clones from SW480 cells. The
potential mechanism for colorectal cancer progression of
these  unique  and  predominantly  frequent  sequences  in
epithelial tumor cells requires further study.

The role of CIgG in the development of cancer has been
most studied in lung cancer (8,9,17), followed by urinary
tumors  (11,16).  Recently,  new progress  in  lung  cancer
studies  has  been  reported.  Tang  et  al .  (8)  have
demonstrated that CIgG interacts with integrin α6β4 and

consequently activates FAK/Src pathways by promoting
phosphorylation of FAK and SRC. In the present study,
through  omics,  we  sought  to  identify  CIgG-related
signaling  pathways  in  colorectal  cancer.  Enrichment
analysis revealed that CIgG may be related to components
of the plasma membrane. This mechanism through which
CIgG  regulates  the  development  of  colorectal  cancer
should be explored in detail in future research. Most E-
cadherin, under normal circumstances, is present in an E-
cadherin/catenin complex located in adherens junctions at
the cell membrane, and it provides important strength in
cell-cell adhesion (30,31). Our Co-IP analysis revealed that
RP215-CIgG directly  interacts  with  E-cadherin  and β-
catenin. After inhibition of the expression of CIgG, the
expression  of  E-cadherin  at  the  adherens  junctions
increased, and that of c-Myc was significantly attenuated.
Oncogenes,  such  as  TET2  and  ICAT,  can  activate  the
Wnt/β-catenin  signaling  pathway  by  disrupting  the  E-
cadherin/β-catenin  complex  and  promoting  β-catenin
nuclear translocation (32,33). As a well-established Wnt
target gene, c-Myc was one of the direct targets transcribed
by β-catenin (34,35). We therefore speculate that CIgG
may cause E-cadherin to dissociate from adherens junctions
and activate β-catenin/c-Myc signaling by regulating β-
catenin nuclear translocation, thereby promoting cancer
invasion and metastasis. Additional research is needed to
clarify the relevance of these findings.

Conclusions

Our study showed that colorectal cancer cells themselves
express  CIgG  and  that  IGHV3-23  is  present  in  CIgG
transcripts  of  SW480  cells.  In  addition,  CIgG  may  be
involved  in  colorectal  cancer  invasion  and  metastasis
through interacting with E-cadherin. More importantly,
CIgG  may  be  a  promising  maker  for  predicting  the
prognosis of patients with colorectal cancer.
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