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It is generally believed that the expression of a gene is restricted “within the right place and at the right time”. This 
principle has long been considered applicable as well to the expression of immunoglobulin (Ig) lymphocytes of B 
cell lineage. However, increasing evidence has shown Ig “paradoxically” expressed in malignant tumors of 
epithelial origin. We reviewed the recent progress in the study of cancer-derived Ig, and also discussed its 
mechanisms and possible functions, trying to arouse interest and attention to those working in the field of 
immunology and oncology. Cellular & Molecular Immunology. 2008;5(5):319-324. 
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Introduction 
 
Though classic immunology implies that differentiated B 
cells are the unique source of Ig, Cao et al. cloned the JC 
region of human Igκ light chain from a genomic DNA library 
of human nasopharyngeal carcinoma (NPC) cell line CNE2 
in 1991 (1). Since then, increasing evidence has shown Ig 
“paradoxically” expressed in malignant tumors of epithelial 
origin. This phenomenon, though hitherto not yet universally 
acknowledged, has indeed become a great challenge to the 
classical dogma of contemporary immunology.  
 
Immunoglobulin expression in B lymphocytes 
 
Immunoglobulin (Ig) molecule is composed of two identical 
light chains and two identical heavy chains. The poly- 
peptides are linked by disulfide bridges connecting each 
light chain to heavy chain and linking the two heavy chains 
together (2, 3).  
   During B lymphocyte development and maturation, the 

process of Ig expression and secretion is of multiple stages 
under successive microenvironments (4-6). Important genomic 
alteration events in this process including V(D)J 
recombination and class switching are regulated precisely 
and tightly, in order to ensure the development of a normal 
immune system, and to prevent potentially oncogenic 
processes, such as translocations, caused by errors in the 
recombination or switching processes (7-9).  
  V(D)J recombination is initiated by the recombination 
activating genes (Rag)1 and Rag2 proteins in developing B 
lymphocytes. The exons which encode Ig variable regions 
are assembled from germline variable (V), diversity (D), and 
joining (J) gene segments: VH, DH, and JH gene segments for 
Ig heavy chain; VL and JL gene segments for Ig light chain (4, 
5).  
   B lymphocytes further diversify their repertoire in the 
germinal centers of lymphoid organs through class switch 
recombination (CSR). CSR is a region-specific rearrangement 
process triggered by the activation-induced cytidine deaminase 
factor (AID), which is required for both somatic hyper- 
mutation of V genes and CSR. CSR is achieved by looping- 
out deletion of the genomic DNA between the recombined S 
regions and the switch circle (SC). By CSR, B lymphocytes 
can change the constant region portion of the heavy chain, 
shifting the class of expressed antibody from IgM to IgG, IgA, 
IgD or IgE to confer distinct antibody effector functions (5, 
10). 
   V(D)J recombination and CSR are generally believed to 
occur only in lymphocytes, where various receptor loci must 
become accessible at the appropriate stage of differentiation 
and be regulated in the context of lineage specificity and 
developmental stage specificity (IgH genes before IgL genes)  
(6, 11), which yields the classic view that B cells are the only 
source of Ig. 
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Ig expression in cancer cells 
 
In 1991, from a genomic DNA library of CNE2, Cao et al 
cloned a transforming gene named Tx (GenBank accession 
number: AF279037), which turned out to be the JC region of 
human Igκ light chain (1). Later, Ig molecules composed of 
α heavy chain and κ light chain were detected in cell lines 
MCF-7 (breast cancer), MGC (gastric cancer), HeLa (cervical 
cancer), SW480 (colon cancer) and HNE-2 (nasopharyngeal 
cancer) (12). The finding that Ig could be expressed in 
carcinoma cells challenged the classic view that in 
non-lymphocytes, the genes encoding Ig are not to be 
transcribed. 
   In 1998, by RT-PCR, Kimoto demonstrated expression of 
Ig gene transcripts of IgM, IgD, IgG3, IgG1, IgE, and IgA in 
several other cancer cell lines: SW1116, colon adenocarcinoma; 
HEp2, laryngeal squamous cell carcinoma; MCF-7, estrogen 
receptor-positive mammary adenocarcinoma; MDA-MB-231, 
estrogen receptor-negative mammary adenocarcinoma; and 
HC48, pancreatic adenocarcinoma (13), further confirmed Ig 
expression in cancer cells. 
   With high-throughput genomics and proteomics research 
methodology, even more incidences of Ig expression in 
cancers are being reported (14, 15), and some researchers 
testified Ig expression in corresponding cancer cell lines and 
tissues (16-20). It was found that these cancer cells or tissues 
were of a wide range of tissue origins. They came from 
epithelial tissues of respiratory tract, digestive tract and 
reproductive tract. The most recent studies by Qiu suggested 
that Ig could be found in oral epithelial tumor cells (21), and 
even in adult mouse brain neurons or isolated neonatal mouse 
neurons (22). 
   The Ig expressed in cancer cells or tissues included 
basically all kinds of isotypes, among heavy chains, α chain 
for IgA and γ chain for IgG were the mostly identified; but in 
light chain, only κ chain but not λ chain was confirmed. 
However, research groups may draw different conclusions 
among cancer cells of different tissue origins, implying 
complicated and varied Ig expression procession in cancer 
cells.  
   The database of expressed sequence tags (dbEST), a 
division of GenBank, contains sequence data and other 
information on single-pass cDNA sequences, or expressed 
sequence tags (ESTs). The dbEST database can be used to 
identify in which cell types a given gene is expressed. 
Alignment of human dbEST to IgCα region (constant region 
of α heavy chain) from B lymphocytes showed that most 
ESTs originate from B lymphocytes, but many ESTs are 
derived from human epithelial cancers, including cancers of 
the lung, breast, colon, stomach, kidney, etc. These ESTs 
have very high score value and identity (23). 
   Interestingly, cancer cells also secrete assembled Ig 
protein out of cell membrane. By cultivating MCF-7, MGC, 
HeLa, SW480 and HNE-2 cell lines (as described before) in 
serum-free culture medium, ELISA demonstrated existence 
of Igα heavy chain in the culture supernatant. From HeLa 
cell culture supernatant, purified Ig was found to contain Igα 

heavy chain and Igκ light chain identified by Western blot 
(12). These results provide the hints that in addition to Ig 
protein production, cancer cells are also capable of Ig 
secretion. Other supportive evidence has been reported by 
Qiu et al. By ELISA, they found IgG protein in the culture 
supernatant of two cervical cancer cell lines HeLa MR and 
HeLa S3, which suggested IgG secretion (18). 
   Recently, researchers also found Ig components in 
conditioned medium of lung cancer primary cell cultures by 
proteomics analysis (24). In the serum and tissue of lung 
squamous carcinoma, different levels of Ig protein fragments 
were detected (25, 26), which might present evidences for Ig 
secretion. 
 
V(D)J recombination, class switching and CDR3 
sequence in cancer cells 
 
In normal B lymphocytes, before Ig expression, V(D) J gene 
fragments have to be recombined at gDNA level. The fact 
that cancer cell could generate Ig protein gives us a clue that 
the process of V(D)J recombination may also be initiated in 
cancer cells. 
   Peter et al. showed that rearrangement of IgH and IgL 
genes in non-lymphocytes was inducible by ectopic 
expression of E2A (one of Igκ and IgH enhancer) or early B 
cell factor (EBF) with RAG (27), provided the possibility 
that appropriate gene locus for recombination may be 
accessible in cancer cells, too. 
   In one of our studies, by PCR and sequencing of the Igα 
gDNA VDJ conventional gene segments, we identified that 
nasopharyngeal cell line CNE1 had recombined Igα gene 
structures. We also found RAG1 and RAG2 expression in 
MCF-7, MGC, HeLa, SW480 and HNE-2 cell lines as 
described above. Our results proved that cancer cell were 
capable of processing recombination. However, in CNE1 cell, 
IgSα (switch region of alpha heavy chain) gene keeps 
complete germline DNA construction, and AID (necessary 
for class switch) has not been found in both protein and 
mRNA levels (23). It could be inferred that Ig genes in these 
cancer cells have undergone V(D)J recombination but no 
class switching. Thus, the process of Ig expression in normal 
cancer cells is not completely the same as that in normal B 
lymphocytes. 
   The complementarity determining region (CDR) is a 
short amino acid sequence in the variable domains of antigen 
receptor (surface Ig on B cells or T cell receptors) proteins 
that complements an antigen, provides the receptor with its 
specificity for a particular antigen. Each polypeptide chain of 
an antigen receptor contains three CDRs (CDR1, CDR2 and 
CDR3). These regions are sometimes referred to as 
hypervariable domains because they are associated with most 
sequence variation. Among them, CDR3 shows the greatest 
variability as it differs with each recombination (28, 29). 
Therefore its sequences in different cancer cell lines would 
be expected to be diverse. We used three conventional 
primers to analyze the CDR3 hypervariable region of the cell 
lines including Raji (B-lymphoma), SW480 and CNE1. The 
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results showed that different cancer cell lines produced 
diverse Ig CDR3 clonalities, which did not exist in present 
NCBI database (23). 
   Other research groups also have similar but not identical 
results. Qiu et al. by demonstrating RAG-1 and RAG-2 
expression in a series of IgG expressing cell lines: MCF-7 
(breast cancer), HT-29 and LOVO (both colon cancer), HeLa 
MR and HeLa S3 (both cervical cancer), A549 (lung cancer), 
CaOV3 (ovarian cancer), proved the recombination ability of 
a variety of cancer cells. CDR3 sequencing results 
demonstrated monoclonality of the VDJ recombination in 
HeLa S3 and HT-29, although occasionally it contained 
single nucleotide deletion, insertion or mutation, whereas the 
Ig in HeLa MR and A549 did not. Interestingly, HT-29 line 
had identical CDR3 sequence as HeLa MR. Though the 
precise antigenic specificity of the cancer-derived Ig was 
unknown, lung and breast cancer-derived IgG was capable of 
binding smooth and striated muscles. It suggested that IgG 
from the two different cancer cell lines may be auto- 
antibodies reacting to an identical antigen. Moreover, the Ig 
V-D-J sequence of HT-29 was partially homologous with that 
of an autoantibody (GenBank No. Y17928) (18).  
   Zheng et al. identified RAG1 and RAG2 protein in 
LOVO and SW480 (both colorectal cancer), HeLa (cervical 
cancer), Bcap-37 (breast cancer), SMMC-7721 (human 
hepatoma) cell lines, in which the expressions of IgA1 heavy 
chain and Igκ light chain were detected. The mRNA of EBF 
was also detected in these cell lines, and immunoglobulin 
transcription factor Pax5 was only expressed in SW480 cells, 
but no expression of E2A was observed in all the five cell 
lines (20). However, neither Qiu’s nor Zheng’s publications 
mentioned whether AID or other CSR evidence was found in 
these cell lines. 
   Babbage et al. gave some clues about CSR in cancer cells 
in six well-characterized breast cancer cell lines (BT474, 
MDA-MB-231, MCF-7, SKBR3, T47D, and ZR75-1). 
According to the results, VH gene transcripts were 
identifiable by nested RT-PCR in four of six lines, most being 
potentially functional. V(D)J transcripts were observed in 
sequential cultures, indicating stable expression. In five of six 
identified VH genes, somatic mutations were apparent with 
no intraclonal variation, indicating cessation of mutational 
activity. VH transcripts were pre- and post-isotype switched, 
with activation of switch events evident from expressed 
germ-line switch transcripts in two of six lines. Most 
importantly, all of six cell lines expressed AID were essential 
for mutational and switch activity, suggesting CSR and 
modification of VH genes in cancer cells (30). 
   Another finding about V(D)J recombination and CSR has 
been reported by Gu et al. In cancer cells A549 (lung cancer), 
BCL-7402 (liver cancer), HeLa S3 (cervical cancer) and PC3 
(prostate cancer), mRNA of the IgHG1 (Ig heavy chain G1) 
constant region and Iγ-Cγ sterile transcripts were detected by 
nested RT-PCR, and Igγ and Igκ proteins were detected by 
immunofluorescence and Western blot, which confirmed IgG 
expression in these cell lines. The Sγ1/2-Sμ switch circle, and 
the expression of RAG1 and RAG2 were found, underlying 
the V(D)J recombination of IgH and IgL loci and CSR. AID 

expression could be detected too, but only in cell line HeLa 
S3 and positive control Raji (19). 
   All the conclusions drawn by different researchers imply 
that cancer cells actually initiate and undergo V(D)J 
recombination and CSR which are thought to occur in 
lymphocytes only. Their specific process may vary among 
different cancer cell types, thus showing complicated 
mechanism underlining Ig expression in cancer cells. 
 
The possible function and immuno-activity of 
cancer cells derived Ig  
 
It could be speculated that constitutive AID activation in 
malignant epithelial cells further raises a potential for inducing 
aberrant mutational activity (7, 8), yet the Ig protein of 
different isotypes expressed or secreted by cancer cells are 
also capable of favoring tumor growth. 
   Aberrant Igκ gene is shown to have transforming activity, 
which has been identified by transferring into non- 
transformed promotion-sensitive mouse epithelial cell line 
JB6(P+) cells, which could then be cloned in soft agar and 
led to tumor formation in nude mice (1). 
   Moreover, cancer cell-originated IgA protein plays a role 
in cellular transformation, too. We used mouse anti-human 
IgA to inhibit cancer-derived IgA. By MTT assay and growth 
curve analysis, we found that anti-human IgA could partly 
inhibit cellular transformation, promote the malignant 
proliferation ability of cancer cells, and increase the access 
percentage of S phase from the early mitosis of synchronized 
cancer cells. It was also demonstrated that blockade of 
cancer-derived Igα suppressed the growth and viability of 
cancer cells (31).  
   Qiu et al. got similar results for cancer-derived IgG. They 
demonstrated that cancer cells secreted IgG with unidentified 
specificity to promote growth and survival of tumor cells. 
Blockade of tumor-derived IgG by either antisense DNA or 
antihuman IgG antibody increased programmed cell death 
and inhibited growth of cancer cells in vitro; administration 
of antihuman IgG antibody also suppressed the growth of an 
IgG-secreting cancer line in immunodeficient nude mice, 
suggesting that cancer IgG expression is required, at least, in 
part, for survival of cancer cells (18). 
   These findings support the important role of cancer- 
derived Ig as a growth factor of cancer cells. It could be 
presumed that their function might be associated with some 
antibody related immunological courses and result in tumor 
evasion from immune surveillance.  
   Antibody-dependent cell-mediated cytotoxicity (ADCC) 
is a mechanism of cell-mediated immunity whereby an 
effector cell of the immune system actively lyses a target cell 
that has been bound by specific antibodies. In ADCC against 
tumor cells, antibody first binds via its antigen-binding site to 
its target on tumor cells, and then the Fc portion is 
recognized by specific Fc receptors on effector cells, 
stimulating their effector function by the release of cytotoxic 
granules, such as perforin, granulysin, and granzymes, 
whereas the release of cytokines and chemokines leads to 
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inhibition of cell proliferation and angiogenesis (32, 33). We 
analyzed the ADCC immuno-activity of Ig (including all 
isotypes) derived from cancer cells: cancer derived Ig was 
capable of reacting with FcR of monocytes, NK cells etc. by 
its Fc region as normal Ig, and to accomplish ADCC with 
effector cells (unpublished data). Based on these findings, it 
may be hypothesized that cancer-derived Ig could compete 
with B cell-derived Ig for the FcR on effector cells, thus 
inhibits ADCC and favors tumor immune escape. 
   Since Ig produced in cancer cell is closely related to cell 
malignancy, it is not surprising to find that the expression of 
Ig in tumor tissues is associated with increasing tumor grades. 
In order to avoid Ig endocytosis of epithelium cells, we used 
ISH (in situ hybridization) but not immunohistochemistry to 
observe the expression of Ig in cervical tissues of proceeding 
malignant grades. We detected a low level of mRNA for Igκ 
in epithelia with cervicitis. However, in epithelia with dysplasia 
and carcinoma, the expression of Igκ mRNA was markedly 
increased (34). A paralleled study got similar results for Igα 
too, in which only 2 subjects in 9 cervicitis are Igα mRNA 
positive, yet each one in 10 cervical carcinoma samples 
shows high level of Igα mRNA expressing (unpublished 
data). This characteristic pattern of cancer Ig expression may 
serve as a potential marker for malignant cell transformation. 
   Furthermore, by sequencing Igκ gene, two single 
nucleotide polymorphisms (SNP) locus rs232230 (5658C/G), 
rs232228 (3635T/C) were identified. The SNP 5658C/G is 
located in open reading frame on Igκ gene C region, resulted 
in amino acid change from Val to Leu. The SNP 3635T/C is 
located in the Matrix attached Region of Igκ gene. We 
hypothesize that it may influence gene rearrangement and 
regulation. By a case-control study, we found that the two 
SNPs were associated with susceptibility to nasopharyngeal 
carcinoma. The SNP 5658CG genotype was distributed 
higher in nasopharyngeal carcinoma patients than in normal 
individuals (35). We also identified that the two SNPs 
genotype frequency was associated with the susceptibility to 
gastric and breast cancer (unpublished data).  
 
Some regulatory mechanisms of Ig expressed in 
cancer cells 
 
In normal B cells, an important mechanism of activation and 
Ig production is CD40 ligation-triggered cellular signaling 
pathways. As a consequence of CD40 signaling, a number of 
well-characterized signal transduction pathways are activated, 
including the NF-κB, p38 mitogen-activated protein kinase, 
c-Jun-NH2-kinase, Janus kinases/signal transducers and 
activators of transcription, and phosphoinositide 3-kinase 
pathways. These pathways, in turn, regulate alterations in 
gene expression that are themselves extensive, dynamic, and 
variable, and finally induce proliferation and immuno- 
globulin class switching of resting B cells (36, 37). 
   Analogously, in cancer cells, the initiation and expression 
of Ig gene could be regulated by these cellular signaling 
pathways, too. Taking Igκ gene in NPC cell lines as a model, 
we may shed a light on the mechanism of cancer Ig 

expression regulation. 
   Igκ gene expression is under the control of distinct 
cis-regulatory elements, including the κ intron enhancer (iEκ) 
and the κ 3’ enhancer (3’Eκ), which are located within the 
Jκ-Cκ region and downstream of Cκ region, respectively. 
The activation of enhancers is required for Igκ gene 
expression in B cell lines (38-40). The human Igκ gene 
contains an NF-κB site and a perfect consensus AP-1 site 
within the iEκ and the downstream iEκ. In B lymphocytes, 
both enhancers can be activated by nuclear factor NF-κB and 
AP-1 at different degrees (41, 42).  
   Epstein-Barr virus (EBV) encoded latent membrane 
protein 1 (LMP1) was the first EBV latent gene found to be 
able to transform cell lines and alter the phenotype of cells 
due to its oncogenic potential (43). LMP1 functions by 
resembling CD40 (44). It has been known to have oncogenic 
properties during latent infection in NPC. LMP1 alters many 
functional properties that are involved in tumor progression 
and invasions by activating its target genes via different 
signaling pathways (45-47).  
   In NPC cells, it has been noticed that the level of Igκ is 
significantly higher in LMP1-positive cells than in LMP1- 
negative cells, and LMP1 could increase the production of κ 
light chain at both mRNA and protein levels in a 
dose-dependent manner (48). Further investigation revealed 
that in LMP1-expressing NPC cells, Igκ gene enhancers iEκ 
and 3’Eκ are activated by binding with transcription factors 
NF-κB, AP-1 and Ets-1, all of which were modulated by 
LMP1-triggered pathways. It could be concluded that LMP1 
stimulated transcription factors NF-κB, AP-1, Ets-1 binding 
to the corresponding site in Igκ gene via NF-κB, JNK/MAPK 
and ERK/MAPK signal pathways and finally upregulated Igκ 
light chain induction (49).  
   This presented novel experimental proofs on the 
mechanisms upregulating the ectopic expression of Igκ by 
LMP1 in NPC cells. Since other virus-encoded oncoproteins, 
such as HBX, E6, E7, can also activate many signal 
pathways including NF-κB, AP-1 and ERK pathways (50-52), 
these oncoproteins might induce Ig gene expression through 
the mechanism similar to EBV-LMP1. All these give us new 
insight into this abnormal phenomenon, which lays 
foundations for further studies, as well as new strategies for 
cancer therapy. 
   Owning to the heterogeneity characteristic of malignant 
cancer cells, the complexity of cancer tissue micro- 
environment and the close relationship between immune 
system and carcinogenesis, it is extremely difficult to clarify 
the specific mechanism and function of the abnormally 
expressed and secreted immunoglobulin in cancer cells. It is 
obvious that there are still a lot of blanks waiting to be filled 
in this field.  
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