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Except for the well-known immunoglobulin G (IgG) producing cell types, ie, mature B lymphocytes and plasma

cells, various non-lymphoid cell types, including human cancer cells, neurons, and some specified epithelial

cells, have been found to express IgG. In this study, we detected the expression of the heavy chain of IgG (IgGc)

and kappa light chain (Igj) in papillary thyroid cancer cells. Using in situ hybridization, we detected the

constant region of human IgG1 (IGHG1) in papillary thyroid cancer cells. With laser capture microdissection

followed by RT-PCR, mRNA transcripts of IGHG1, Igj, recombination activating gene 1 (RAG1), RAG2, and

activation-induced cytidine deaminase genes were successfully amplified from isolated papillary thyroid cancer

cells. We further confirmed IgG protein expression with immunohistochemistry and found that none of the IgG

receptors was expressed in papillary thyroid cancer. Differences in the level of IgGc expression between tumor

size, between papillary thyroid cancer and normal thyroid tissue, as well as between papillary thyroid cancer

with and without lymph node metastasis were significant. Taken together, these results indicate that IgG is

produced by papillary thyroid cancer cells and that it might be positively related to the growth and metastasis of

papillary thyroid cancer cells. Furthermore, it was demonstrated that IgGc colocalized with complement

proteins in the same cancer cells, which could indicate that immune complexes were formed. Such immune

complexes might consist of IgG synthesized by the host against tumor surface antigens and locally produced

anti-idiotypic IgG with specificity for the variable region of these ‘primary’ antibodies. The cancer cells might

thus escape the host tumor-antigen-specific immune responses, hence promoting tumor progression.
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Immunoglobulin G (IgG) is an important component
of the adaptive immune system and constitutes
75–80% of total Ig.1 In recent years, in addition to
mature B cells and plasma cells, other cell types
with the capacity to produce IgG have been identi-
fied. Such cell types include neurons, mammary
gland epithelial cells, eyes, endothelial cells of the
umbilical cord, and trophoblasts (J Gu, unpublished

data).2–5 IgG expression has also been found in colon
carcinoma, breast carcinoma, lung carcinoma, and
soft tissue tumors.6–9 The exact function of IgG in
cancers has not yet been elucidated, but IgG might
be involved in the promotion of tumor growth based
on preliminary in vitro evidence of its capacity to
stimulate cell proliferation and invasion.6,10 Another
observation supporting a growth-promoting role of
IgG include the observed correlation between the
level of IgG expression and tumor grade and stage in
soft tissue tumors.9 To date, it is not known whether
papillary thyroid cancer cells also produce IgG.
Lucas et al,11 detected cellular deposits of IgG in
80% of 41 papillary thyroid cancer cases studied.
They, however, assumed that the presence of IgG
was the result of deposition from the serum, and not
of local production.11
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Papillary thyroid cancer is the most common
endocrine malignancy.12 It is well differentiated and
is one of the most curable cancers.13 However, there
are also factors associated with a less favorable
outcome including age (445 years), large tumor size
(45 cm), histology (tall cell variant histology),
extrathyroidal extension, distant metastases, lymph
nodal metastases, and positive family history.14–17

Another important component of the body’s
immune defense arsenal that has been identified in
papillary thyroid cancer tissues is the complement
system. The complement system is composed of
several serum proteins that assist in the elimination
of invading pathogens and modified self-cells.18 The
complement cascade can be initiated via three major
pathways, namely, the classical, alternative, and
lectin pathway.18 The liver is the main production
site, but other locations include the renal epithelial
cells, the small intestines, and the brain.19 Comple-
ment protein mRNA synthesis has been demon-
strated in colon adenomas and carcinomas.20 In
papillary thyroid cancer, C3d, C4d, C5, and C5b-C9
have been detected at the protein level, but it is
currently unknown whether complement proteins
are also produced by papillary thyroid cancer
cells.11,21

In cancer immunology, complement proteins are
thought to contribute to antitumor immune surveil-
lance.22,23 Mechanisms that might be involved
include complement-dependent cytotoxicity, anti-
body-dependent cell-mediated cytotoxicity, direct
inhibition of tumor growth, and mobilization
of hematopoietic progenitor cells.22,23 Lucas et al11

suggested that the co-expression of IgG and C1q
indicated a tumor-specific host immune response
with initiation of the classical complement pathway
through binding of IgG to tumor antigens. Yamakawa
et al21 demonstrated the expression of membrane
complement regulatory proteins (mCRPs), including
membrane cofactor protein (CD46), decay-accelerat-
ing factor (CD55), and protectin (CD59), and sug-
gested that these factors protect papillary thyroid
cancer cells from cell lysis induced by the activation
of the complement system.

Here, we studied the expression of IgGg and Igk in
papillary thyroid cancer using immunohistochem-
istry, in situ hybridization, and laser capture micro-
dissection-assisted RT-PCR. Using a papillary
thyroid cancer tissue microarray, we also investi-
gated the correlation between IgG expression and
various clinicopathological features. In addition,
expression of C1q, C3c, and C4c were examined by
immunohistochemistry. In situ hybridization with a
probe directed against C3 was performed to study
whether local C3 production occurs in papillary
thyroid cancer. In order to exclude the possibility
that IgG had been transported across the cancer
cell membrane into the cell by means of Fc
receptors, we also studied the expression of IgG-
specific receptors, ie, the three FcgR subtypes
(FcgRI/CD64, FcgRII/CD32, and FcgRIII/CD16) and

the neonatal Fc receptor (FcRn).24,25 In line with our
expectations, papillary thyroid cancer cells were
indeed found to produce IgG, as evidenced by the
detection of both proteins and mRNA transcripts.
IgG expression correlated well with large tumor
size and presence of local lymph node metastases,
but not with other clinicopathological features.
In addition, C1q, C3c, and C4c were detected in
papillary thyroid cancer cells. However, only the
proteins, but not the mRNA transcripts of C3, were
identified in papillary thyroid cancer cells. Further-
more, co-expression of IgG and C1q suggested
activation of the classical pathway through the
formation of immune complexes. Unlike Lucas
et al,11 who proposed that such immune complexes
consist of IgG binding to papillary thyroid cancer
surface antigens, we suggest that they are composed
of IgG synthesized by the host against papillary
thyroid cancer surface antigens and anti-idiotypic
IgG produced by the cancer cells with specificity
for the variable region of these host antibodies.
Formation of immune complexes prevents host IgG
from binding to its antigen, thus protecting the
cancer cells from antibody-dependent cell-mediated
cytotoxicity and complement-dependent cytotoxi-
city, resulting in promotion of tumor growth,
progression, and metastasis.

Materials and methods

Tissues

Fresh tissues were obtained by thyroidectomy from
26 patients with papillary thyroid cancer, and
formalin-fixed, paraffin-embedded biopsy speci-
mens were obtained from 18 patients suffering from
papillary thyroid cancer. Four specimens were
follicular-variant papillary thyroid cancer subtype.
Others were of the usual papillary thyroid cancer
subtype. In total, there were 44 patients, 40 females
(90%), mean age: 45 years, age range: 43±12 years,
15 with presence of lymph node metastasis (34%).
All tissues were collected from the Pathology
Department of Shantou University Medical College.
The fresh tissues were immediately fixed in 4%
paraformaldehyde, dehydrated in increasing
ethanol concentrations and embedded in paraffin.
The remaining fresh tissues were quickly frozen in
nitrogen and stored at �701C. A human papillary
thyroid cancer tissue microarray was obtained from
Alenabio (Xi’an, China). All tissues on the tissue
array were usual PTC. The formalin-fixed, paraffin-
embedded tissue microarray contained 55 tissue
samples comprising 45 papillary thyroid cancer
tissues and 10 normal thyroid tissues. The clinico-
pathological features of the papillary thyroid cancer
cases displayed on the tissue microarray are sum-
marized in Table 3. Informed consent was obtained
from all patients, and the study was performed
in accordance with the Declaration of Helsinki
Principles.
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Immunohistochemistry

Serial sections (4 mm thick) were deparaffinized and
hydrated in decreasing concentrations of ethanol.
The slides were incubated overnight with the
following primary antibodies: IgGg, Igk, C1q, C3c,
C4c, CD16, CD32, CD64, and FcRn. Cytokeratin (CK)
was used as a marker of papillary thyroid cancer
cells, and CD20 was used to exclude the contamina-
tion by B cells. The details of primary antibodies
are shown in Table 1. PBS was used as a negative
control. We used human spleen tissue as the
positive control of antibodies Igg, Igk, CD16, CD32,
CD64, and FcRn. Human liver tissue was used
as the positive control of C1q, C3c, C4c, and CK.
After incubation with appropriate secondary anti-
bodies (PV9000 or PV9003, Zymed Laboratory,
South San Francisco, USA) and washing, the slides
were visualized with 3-amino-9-ethyl-carbazole
(AEC; Golden Bridge International, New York,
USA) and counterstained with hematoxylin. Immu-
nohistochemistry was performed on both the para-
formaldehyde-fixed samples and the microarray.

Generation of Digoxigenin-Labeled cRNA Probes

The generation of digoxigenin-labeled human
IGHG1 cRNA probe was performed as previously
described.7

Probes specific for the human C3 were prepared
from fresh human liver tissue. Total RNA was
extracted by Trizol reagent (Invitrogen, California,
USA), and reverse transcription was performed
using random primers and first strand cDNA
synthesis kit (Toyobo, Osaka, Japan) following
manufacturer’s instructions. PCR primers for human
C3 gene were 50-TCGGATGACAAGGTCACCCT-30

(sense), 50-GACAACCATGCTCTCGGTGAA-30 (anti-
sense).20 The 407-bp size product was extracted
from gel using gel extraction kit (Qiagen, Hilden,
Germany) and ligated into a pGM-T vector (Tiangen
Biotech, Beijing, China). Plasmid was extracted by
Tiangen Tianperp Mini Plasmid kit. The plasmid
was linearized overnight using NcoI (New England
Biolabs, Nebraska, USA) and SalI (New England

Biolabs) at 371C. The cRNA probes were synthesized
using Sp6 RNA polymerase (New England Biolabs)
and T7 RNA polymerase (New England Biolabs)
with digoxigenin-labeled rNTP (Roche Diagnostics,
Rotkreuz, Switzerland).

In Situ Hybridization

Deparaffinized, dehydrated sections were incubated
in 0.1 N HCl for 10min, followed by antigen
retrieval according standard procedures. The slides
were allowed to hybridize with the IGHG1 antisense
probes at 421C for 20h. The films were removed
in 5� SSC at 501C. The slides were then washed in
2� SSC plus 50% formamide and in 2� SSC at
371C. The slides were subsequently incubated with
horse serum (1:100; Generay Biotech, Shanghai,
China) and anti-digoxigenin-Ap Fab fragments
(1:100; Roche Diagnostics) at room temperature for
1h. The reaction was colorized with nitroblue
tetrazolium/5-bromo-4-choloro-3-indolyl phosphate
(NBT-BCIP; Promega, Madison, USA). For the
IGHG1 cRNA probe, human spleen tissues were
used as a positive control and sense probes as a
negative control. For the C3 cRNA probe, human
liver tissue was used as a positive control and sense
probes as a negative control. In situ hybridization
was performed on all of the 44 cases with
paraformaldehyde-fixed samples, but not on the
microarray.

Laser Capture Microdissection-Assisted RT-PCR

Frozen papillary thyroid cancer tissues were sec-
tioned at 10 mm and mounted on membrane slides
(Leica, Solms, Germany). The slides were fixed in
70% ethanol for 1min, washed in DEPC-treated
water (Generay Biotech). The slides were next
stained using hematoxylin and dried in a fume
hood. Groups of papillary thyroid cancer cells were
identified by morphology and isolated from the
tissue sections using a Leica laser capture micro-
dissection system (Leica LMD 6000). Approximately
3000 cells were captured each time. Special care

Table 1 Monoclonal and polyclonal antibodies used in immunohistochemistry

Specificity Dilution Type Manufacturer

IgGg 1:500 Rabbit, polyclonal Dako, Carpinteria, CA
Igk 1:100 Mouse, monoclonal Zymed Laboratory, South San Francisco, USA
C1q 1:500 Rabbit, polyclonal Zymed Laboratory, South San Francisco, USA
C3c 1:200 Rabbit, polyclonal Dako, Carpinteria, CA
C4c 1:200 Rabbit, polyclonal Zymed Laboratory, South San Francisco, USA
Cytokeratin (Pan) 1:200 Mouse, monoclonal Zymed Laboratory, South San Francisco, USA
CD20 1:100 Mouse, monoclonal Zymed Laboratory, South San Francisco, USA
CD16 1:100 Mouse, monoclonal Santa Cruz Biotechnology, Int., CA
CD32 1:50 Mouse, monoclonal Santa Cruz Biotechnology, Int., CA
CD64 1:50 Mouse, monoclonal Santa Cruz Biotechnology, Int., CA
FcRn 1:50 Goat, polyclonal Santa Cruz Biotechnology, Int., CA
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was taken not to isolate other cell types, lympho-
cytes in particular. Total RNAwas extracted from the
dissected cells using an RNeasy micro kit (Qiagen).
Nested PCRs were performed using a Taq PCR kit
(New England Biolabs). The primers are listed in
Table 2. CD19, CD34, and CD68 were used to
exclude contamination by B cells, endothelial cells,
and macrophages, respectively. CK7 was used as a
marker for papillary thyroid cancer cells. DEPC-
treated water was used as a negative control.
Raji cell line (B-cell lymphoma cell line) was used
as a positive control for CD19, IGHG1, Igk, recombi-
nation activating gene 1 (RAG1), RAG2, and activa-
tion-induced cytidine deaminase. Human fresh liver
tissue was used as a positive control for CD34, CD68,
and CK7. Amplification of the 18S gene was
performed as internal control. PCR products were
separated on 2% agarose gel by electrophoresis.

Evaluation of Ig Heavy Chain Expression

Immunohistochemistry was performed on the pa-
pillary thyroid cancer tissue microarray as described

above. The primary antibody was polyclonal rabbit
anti-human IgGg (1:500). The IgGg expression was
semiquantified using the H-score as described
by Finn et al.26 The intensity of staining was scored
as follows: 1þ , carcinoma cells stained light red or
pink; 2þ , carcinoma cells stained red; 3þ , carci-
noma cells selectively stained dark red. The H-score
was based on the total percentage of positive cells
and the intensity of the staining, where H¼ (%1þ
� 1)þ (%2þ � 2)þ (%3þ � 3). A minimum of 100
cells were evaluated in calculating the H-score.
Inter-examiner discrepancies were resolved by joint
examination and mutual consensus of the two
independent pathologists.

Statistical Analysis

The difference in H-scores between normal thyroid
tissues and papillary thyroid cancer tissues, as well
as the differences in IgG expression among the
various clinicopathological features were assessed
by the Mann–Whitney test. Po0.05 was considered
statistically significant.27

Table 2 Primers used for RT-PCR

Gene name Primer sequence 50–30 Product size
(base pairs)

Located on
different exons

IGHG1 (human) External ACGGCGTGGAGGTGCATAATG (sense) 201 Yes
CGGGAGGCGTGGTCTTGTAGTT (antisense)

Internal GACTGGCTGAATGGCAAGGAG (sense)
GGCGATGTCGCTGGGATAGAA (antisense)

Igk (human) TGAGCAAAGCAGACTACGAGA (sense) 231 No
GGGGTGAGGTGAAAGATGAG (antisense)

RAG1 (human) External TGGATCTTTACCTGAAGATG (sense) 327 No
CTTGGCTTTCCAGAGAGTCC (antisense)

Internal CACAGCGTTTTGCTGAGCTC (sense)
AGCTTGCCTGAGGGTTCATG (antisense)

RAG2 (human) External TGGAAGCAACATGGGAAATG (sense) 193 No
CATCATCTTCATTATAGGTGTC (antisense)

Internal TTCTTGGCATACCAGGAGAC (sense)
CTATTTGCTTCTGCACTG (antisense)

AID (human) External GAAGAGGCGTGACAGTGCT (sense) 294 Yes
CGAAATGCGTCTCGTAAGT (antisense)

Internal CCTTTTCACTGGACTTTGG (sense)
TGATGGCTATTTGCACCCC (antisense)

CD19 (human) TACTATGGCACTGGCTGCTG (sense) 218 Yes
CACGTTCCCGTACTGGTTCT (antisense)

CD34 (human) CACCCTGTGTCTCAACATGG (sense) 191 Yes
GGCTTCAAGGTTGTCTCTGG (antisense)

CD68 (human) ACTGAACCCCAACAAAACCA (sense) 153 Yes
TTGTACTCCACCGCCATGTA (antisense)

CK7 (human) CAGGATGTGGTGGAGGACTT (sense) 178 Yes
TGAGGGTCCTGAGGAAGTTG (antisense)

18 s (human) AAACGGCTACCACATCCAAG (sense) 154 No
CCTCCAATGGATCCTCGTTA (antisense)

Abbreviations: RAG: recombination activating gene; AID: activation-induced cytidine deaminase.
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Results

Immunoglobulin G and Complement Expression in
Papillary Thyroid Cancer Tissues

We studied the expression of IgGg and Igk in human
papillary thyroid cancer tissues using polyclonal
rabbit anti-human IgGg antibodies, monoclonal
mouse anti-human Igk, respectively (Figure 1). Igg
and Igk were both detected in papillary thyroid
cancer tissues with immunoreactivity present in the
cytoplasm of the cancer cells. Overall, 80% (35/44)
of total samples studied, stained positive for IgGg

and 59% (26/44) were stained positive for Igk.
In contrast, IgG was not detected in normal tissues
of the thyroid gland (Figure 2).

We totally tested 20 samples for C1q, C3c, and
C4c. In all, 80% were positive and the staining
was located to the cytoplasm of papillary thyroid
cancer cells. Applying immunohistochemistry on
serial sections, we found that C1q, C3c, and C4c
were colocalized with IgGg in a part of the papillary
thyroid cancer cells (Figure 3). But there were
also cancer cells positive for IgGg, but negative for
complement proteins.

Figure 1 Immunohistochemistry and in situ hybridization on serial sections showing expression of IgG proteins and mRNA. Figures 1–5
and 7–10 are serial sections. The signals are localized to the cytoplasm. (1) Primary antibody: polyclonal rabbit anti-human IgGg.
(2) In situ hybridization show IGHG1 antisense probe. (3) Sense IGHG1 probe, no signal with a sense probe. (4) Primary antibody: mouse
anti-human CD20. (5) Primary antibody: mouse anti-human CK. (6) Human spleen as a positive control for the IGHG1 antisense probe.
(7) Primary antibody: mouse anti-human Igk. (8) Primary antibody: mouse anti-human CD20. (9) Primary antibody: mouse anti-human
CK. (10) PBS as a negative control. Scale bars, 50mm.
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Semiquantitative Evaluation of IgGc Expression in
Tissue Microarray

The H-score, based both on the total number of
IgGg-positive cells and the intensity of the staining,
was calculated for each tissue sample on the tissue
microarray. IgG expression was correlated with
tumor size (Table 3). The larger the tumor was, the
more IgGg was expressed. The mean H-score in the
papillary thyroid cancer samples was significantly
higher than in normal thyroid tissues (Table 3).
In addition, papillary thyroid cancer with local

lymph node metastases had a significantly higher
mean H-score than papillary thyroid cancer without
lymph node metastases (Table 3). IgGg expression
was not correlated with age.

Papillary Thyroid Cancer Tissues Express IGHG1
Genes, but not Complement Genes

We performed in situ hybridization with an
antisense probe against IGHG1 on 44 papillary
thyroid cancer tissues. Positive signals were

Figure 2 (a) Immunohistochemistry showing IgGg (1), Igk (2), C1q (3), C3c (4), and C4c (5) of normal thyroid tissues. No staining in the
thyroid cells. Scale bars, 50mm. (b) Immunohistochemistry with antibodies to IgG-specific Fc receptors on serial sections of papillary
thyroid cancer tissues. Primary antibodies: (1) mouse anti-human CD16 (FcgRIII), (2) mouse anti-human CD32 (FcgRII), (3) mouse anti-
human CD64 (FcgRI), (4) goat anti-human FcRn, and (5) PBS as a negative control. Scale bars, 50mm. No positive staining is detectable in
papillary thyroid cancer cells. No reactivity when PBS was used in place of the primary antibody. Immunohistochemistry signals are
visualized with AEC, which gives a red color, and in situ hybridization signals are visualized with NBT-BCIP giving a purple-blue color.
(c) Hematoxylin staining showing papillary thyroid cancer tissues before laser capture microdissection (1) and after laser capture
microdissection (2). Scale bars, 100mm.
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detected in 40 of 44 papillary thyroid cancer cases
evaluated. The signals were localized to the
cytoplasm (Figure 1). There were more cases show-
ing positive in situ hybridization signals than
those showing positive immunohistochemistry
signals. Colocalization of IGHG1 mRNA signals
and IgGg was confirmed using serial sections
(Figure 1). There were some cells that showed
IGHG1-positive in situ hybridization signals, but
no IgGg immunohistochemistry-positive signals.
In situ hybridization with an antisense probe
for C3 did not yield any positive signal (Figure 3).
The same probe to C3 yielded positive signal in the
liver. Laser capture microdissection-assisted RT-
PCR confirmed the presence of IGHG1 mRNA in

papillary thyroid cancer. Igk mRNA transcript was
also successfully amplified from papillary thyroid
cancer tissues (Figure 4).

Gene Expression of RAG1, RAG2, and
Activation-induced Cytidine Deaminase in
Papillary Thyroid Cancer Tissues

We evaluated the expression of RAG1, RAG2, and
activation-induced cytidine deaminase mRNA in
papillary thyroid cancer cells. Using laser capture
microdissection-assisted nested RT-PCR, RAG1,
RAG2, and activation-induced cytidine deaminase
mRNA transcripts were detected (Figure 4). We used

Figure 3 Immunohistochemistry on serial sections (Panels 1–6) demonstrating IgGg (1), C1q (2), C3c (3), C4c (4), and CK (6) in the
cytoplasm of papillary thyroid cancer cells. No CD20-positive B lymphocytes are detected (5). No immunoreactivity in the negative
control (PBS) (7). Panels 8–10 show in situ hybridization of C3. (8) C3 antisense probe of papillary thyroid cancer. (9) C3 sense probe
of papillary thyroid cancer. (10) Human liver as a positive control for C3 antisense probe. Scale bars, 50mm.
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CD19, CD34, and CD68 primers to exclude contam-
ination by B cells, endothelial cells, and macro-
phages, respectively. CK7 primers were applied to

identify epithelial cells. Our results showed that the
dissected cells consisted only of papillary thyroid
cancer cells.

Lack of IgG Fc Receptors in Papillary Thyroid
Cancer Tissues

Immunostainings with antibodies to CD16, CD32,
CD64, and FcRn were performed on papillary
thyroid cancer tissue sections. None of the
IgG-specific Fc receptors was expressed by papillary
thyroid cancer cells (Figure 2). These findings
exclude the possibility that the expression of IgG
protein in papillary thyroid cancer cells was due to
uptake by IgG Fc receptors.

Discussion

In this study we investigated the expression of IgG
and complement proteins in papillary thyroid
cancer. Papillary thyroid cancer represents the most
prevalent type of thyroid cancer, with 80% of new
cases of all thyroid cancers.12 Both IgG proteins and
mRNA transcripts were identified in papillary
thyroid cancer cells. Additional evidence support-
ing local IgG production was the detection of RAG1,
RAG2, and activation-induced cytidine deaminase
genes. Absence of any of the IgG-specific Fc
receptors (CD16, CD32, CD64, and FcRn) ruled out
the possibility that IgG protein expression had
resulted from IgG uptake by receptors. The expres-
sion of RAG1 and RAG2 is consistent with previous
studies showing a similar expression in colon, liver,
lung, and breast cancer cell lines.6,7 Activation-
induced cytidine deaminase expression was also
detected, which has, thus far, only been demon-
strated in cancer cell lines, including the HeLa cell
line and six breast cancer cell lines.7,8 As lympho-
cytic infiltrate is frequently observed in papillary
thyroid cancer, we had to take special care to avoid
contamination by B cells in our tissue samples. In
order to achieve this, we performed laser capture
microdissection-assisted RT-PCR carefully isolating
only papillary thyroid cancer cells, and we made
use of several markers, including CD19, CD34, and
CD68, to exclude contamination by B lymphocytes,
endothelial cells, and macrophages, respectively.

Colocalization of IgG with C1q, C3c, and C4c
was observed in papillary thyroid cancer tissues. As
C1q is a component of the classical pathway to be
activated upon the binding of IgG to an antigen, the
colocalization of IgG and complement factors is
most likely indicative of the presence of immune
complexes. In terms of tumor pathogenesis, these
immune complexes might consist of tumor surface
antigens and IgG produced by the host against these
antigens. Alternatively, they could be composed of
host IgG against tumor antigens and locally pro-
duced anti-idiotypic IgG against the host antibody.

Table 3 Semiquantitative evaluation of IgGg expression in the
tissue microarray and its relationship with clinicopathological
features

Characteristics No. of
patients

H-score P-value

Median 95% CI

Age (years)
r45 23 0.13 0.09–0.57 1
445 22 0.17 0.12–0.44

Tumor size (cm)
r5 16 0 0.01–0.11 o0.05
45 29 0.22 0.24–0.64

Lymph node metastasis
Absence 28 0.03 0.06–0.28 o0.05
Presence 17 0.33 0.22–0.85

Histological category
Normal thyroid tissue 10 — — o0.001
Papillary thyroid
cancer

45 0.15 0.17–0.45

Figure 4 Amplification of IGHG1, Igk, RAG1, RAG2, and activa-
tion-induced cytidine deaminase mRNA transcripts in papillary
thyroid cancer cells, using laser capture microdissection-assisted
nested RT-PCR. Water was used as a negative control. CD19, CD34,
and CD68 primers were used to exclude contamination by B cells,
endothelial cells, and macrophages, respectively. CK7 primer was
used as a cancer cell marker. Raji cell line was used as a positive
control for CD19, IGHG1, Igk, RAG1, RAG2, and activation-
induced cytidine deaminase. Human liver tissue was used as a
positive control for CD34, CD68, and CK7. 1, Raji; 2, papillary
thyroid cancer cells; R, Dnase-treated RNA as template; C, cDNA
as template; AID, activation-induced cytidine deaminase.
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The fact that tumor cells produce IgG themselves
renders the latter option more plausible, as the
formation of such immune complexes would confer
a survival advantage to papillary thyroid cancer
cells. Anti-idiotypic antibodies (ab2) are antibodies
with specificity for epitopes in the hypervariable
binding site (idiotopes) of the ‘original’ antibody
(ab1) directed against the ‘original’ antigen.28

In tumor pathogenesis, ab1 is the antibody directed
against tumor surface antigens and ab2 represents
the anti-idiotypic antibody elicited against the
hypervariable binding region of this ab1. On the
basis of the co-expression of IgG and C1q, we would
propose that locally produced anti-idiotypic IgG
(ab2) captures antitumor antigen IgG (ab1), thus
preventing induction of antibody-dependent
cell-mediated cytotoxicity. By protecting tumor cells
from cellular toxicity and cell death, IgG produced
by tumor cells might indirectly promote tumor
growth. Investigations are underway to study the
function and specificity of tumor-produced IgG.

Another possible mechanism of how locally
produced IgG could promote tumor growth is by
acting as a direct growth factor. Previous studies
have demonstrated that administration of anti-IgG
antibodies in vitro and in mouse experiments
inhibited growth of tumor cells.6,10 Other growth-
promoting factors have previously been identified in
papillary thyroid cancer, including Fas ligand (FasL)
and vascular endothelial growth factor (VEGF).29,30

FasL is known to induce apoptosis in susceptible
cancer cells and healthy cells. However, in papillary
thyroid cancer cells binding of FasL to its receptor,
Fas, has been found to promote proliferation.30 As
both FasL and Fas are expressed in papillary thyroid
cancer, FasL might exert its growth-promoting
function through an autocrine signaling pathway.
A similar autocrine loop might be involved in
VEGF-induced cell survival in papillary thyroid
cancer, given the co-expression of VEGF and its
receptors.29 As we detected none of the, thus far,
identified IgG receptors in papillary thyroid cancer
tissues, however, involvement of an autocrine
signaling pathway in IgG-mediated growth stimula-
tion seems unlikely.

IgG might not only be involved in growth
promoting of the primary tumor, but might also
stimulate local invasion and metastasis. The fact
that the H-score was higher in papillary thyroid
cancer with local lymph node metastases than
in those without is consistent with this assumption.
Additional support includes the finding that
increased IgG expression was also correlated with
large tumor size.

Previous studies have shown that normal
colorectal mucosa, adenomas, carcinomas, and
human breast can produce complement proteins,
as evidenced by the identification of C3, C4, and
factor B mRNA transcripts by in situ hybridiza-
tion.20,31 In papillary thyroid cancer, however, we
found no evidence for local complement produc-

tion, as only the protein of C3c without its
corresponding mRNA transcript was detected. This
indicates that the presence of these complement
proteins was not due to local production, but the
result of deposition from the serum and in situ
activation. As expression of C1q, C3c, and C4c was
detected in this study, and the expression of C3d,
C4d, C5, and C5b-C9 in papillary thyroid cancer by
other groups, it appears that locally produced IgG is
not capable of fully preventing the activation of the
complement system.11,21 This could be explained by
the fact that the complement system can also be
activated by the alternative and lectin pathway. An
additional mechanism protecting cancer cells from
destruction by the complement system is through the
expression of mCRPs on cancer cell membranes.
Papillary thyroid cancer cells express mCRPs, in-
cluding CD46, CD53, CD55, and CD59, as well as the
soluble CRP, vitronectin.11,21 In this respect, papillary
thyroid cancer cells do not appear to differ signifi-
cantly from the normal human thyroid follicular cells
showing a similar expression of mCRPs.21,32

In conclusion, we established that papillary
thyroid cancer cells are capable of producing IgG.
Given its increased expression in papillary thyroid
cancer with large tumor size and local lymph node
metastases, it is suggested that IgG appeared to be
positively related to the growth and metastasis of
papillary thyroid cancer cells. Its colocalization
with C1q, C3c, and C4c suggests the presence of
immune complexes. The formation of such immune
complexes might protect the cancer cells from
destruction by the complement system, thereby
favoring tumor proliferation. This would provide a
new insight into the mechanism of tumorigenesis
and new clues for tumor therapy. The exact
mechanisms of the observed phenomenon warrant
further investigation.
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