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Åke Lernmark, Series Editor

Autoimmune diseases

A common, if not intrinsic, feature of autoimmunity
is a humoral immune response manifested by the pro-
duction of autoantibodies targeted against self-cellu-
lar proteins and nucleic acids (1). Although first stud-
ied comprehensively in rheumatic autoimmune
disease, autoantibodies and autoimmunity have now
become major areas of research in many other illness-
es, including type 1 diabetes and other diseases dis-
cussed in this Perspective series (2–4); the paraneo-
plastic neurological disorder (PND) syndromes (5, 6);
bullous skin diseases; liver disease; and many others
(for review see ref. 7). Among the many known
autoantigens are several ubiquitous cellular proteins
involved in fundamental cellular functions such as
DNA replication and transcription. The process by
which these and other self-molecules become
immunogenic is not yet understood (8).

The study of tumor-associated autoimmunity may
offer insights not only into the pathogenesis of
autoimmune diseases in general, but perhaps also into
the events that drive certain classes of cancer. Thus,
changes in the structure or expression of certain self
proteins, occurring during tumorigenesis, suggest
mechanisms by which the immune system could be
primed to perceive tumor-associated epitopes as for-
eign. One major route to cancer autoimmunity involves
genetic mutations resulting in the production of defec-
tive p53 tumor suppressor protein. Another pathway,
active in individuals with liver cancer, involves the aber-
rant expression of specific mRNA-binding proteins
that may induce cell proliferation by preventing the
turnover of mRNAs for growth factors. Other classes of
mRNA-binding protein are normally restricted to the
immunologically privileged domain of the brain but
can become expressed ectopically and represent
autoantigens in the PND syndromes. Together, these
findings highlight the importance of altered post-tran-
scriptional control at different stages of tumorigenesis.

Autoantibodies in cancer patients 
with p53 mutations
The important role of p53 in tumorigenesis was report-
ed from several laboratories in 1979 (9, 10), and there-
after, mutations in p53 were found to be associated

with most types of human cancers (11). p53 is a tumor
suppressor factor, and its main function lies in its abil-
ity to transactivate a number of genes involved in cell
cycle regulation leading to arrest of cell cycle progres-
sion and the repair of damaged or mutated DNA (12,
13). Antibodies to p53 in the sera of cancer patients
were reported in 1982 (14), and in many subsequent
studies. The reported frequency of antibodies in cancer
has varied widely, ranging from 2.7% in prostate cancer
to 31% in esophageal cancer, in part due to variability
of the assay systems used (15). Although the sensitivity
of p53 antibodies in diagnosis is not high, these anti-
bodies are so rare in healthy people that the test is
98–99% specific (15, 16), making anti-p53 antibodies a
dependable marker for cancer.

An important study correlating p53 mutations with
antibodies in lung cancer appeared in 1992 (17). Can-
cer cell lines from patients were analyzed for p53 point
mutations, stop codon mutations, and frameshift
mutations. Patients with point mutations had single
amino acid substitutions, which resulted in the accu-
mulation of proteins with altered functions and
increased stability relative to the rapidly degraded wild-
type p53. These missense mutations occurred in the
hot spot regions of p53 in exons 4 to 9. This study
showed a good correlation between increased cellular
accumulation of abnormal p53 and the presence of
anti-p53 antibodies.

Contrary to what might have been expected, analysis
of p53 antibody specificities revealed that the antigenic
determinants on p53 resided not in the mutated hot
spot regions but at the amino- and carboxy-terminal
regions away from the central region of p53 containing
the mutations (18, 19). The absence of antibodies in
patients with stop codon mutations or frameshift
mutations was largely related to the absence of p53 pro-
tein in the transformed cells (17). This appears to be a
reasonable explanation for the known observation that
although about 50% of human cancers have p53 gene
mutations (11), slightly less than half of these have cir-
culating antibody (15). Thus, the antigenic load of accu-
mulated aberrant protein appeared to be an important
trigger of the autoantibody response. Another factor to
consider is the distribution of p53, which is normally
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localized in the nucleus; in cancer, this protein can be
excluded from the nucleus or localized in both nucleus
and cytoplasm (20). Whether mutations with overex-
pression of abnormal p53 and aberrant localization are
factors that are sufficient by themselves to stimulate
autoimmune response remains to be clarified.

The observation that autoantibodies are equally reac-
tive with wild-type and mutated p53 reflects the situa-
tion in many other autoimmune diseases, where anti-
bodies are reactive with native cellular proteins (21).
Thus normal p53 is expressed transiently and rapidly
degraded, but mutant forms that are more resistant to
degradation can accumulate in the nucleus and, aber-
rantly, in the cytoplasm. The challenging questions are
whether such features are triggers that are sufficient to
break tolerance in the immune system and how gener-
alized these processes might be in other illnesses with
autoimmune reactions.

Although a few studies have reported better progno-
sis in individuals with p53 antibodies, most work with
breast, gastric, colon, and lung cancer patients associ-
ates these antibodies with bad prognosis and poorly
differentiated tumors (15). This is not surprising if one
regards the antibody response to p53 as a reaction to
the antigenic load of abnormal or dysregulated p53. In
addition, the clinical outcome might be significantly
affected by the magnitude of cell-mediated immunity,
which is known to be actively involved in tumor
immune responses (22). Unfortunately, the cellular
arm of the immune response has not been analyzed in
most reports on clinical outcomes associated with p53
and other tumor-associated antibodies.

Another important clinical question is whether anti-
p53 antibodies might be used as early markers of incip-
ient tumors in populations at high risk. In 1993, we
reported that one-third of patients with chronic hepa-
titis and/or liver cirrhosis suddenly showed increasing
antibody titers and novel autoantibodies at or before
transition to hepatocellular carcinoma (HCC) (23). p53
antibodies have also been examined retrospectively in
heavy smokers and in patients with chronic obstructive
pulmonary disease; anti-p53 antibodies have in some
cases been detected several months before clinical diag-
nosis (24, 25). Thus, during incipient tumorigenesis,
the immune system may sometimes sense abnormali-
ties of cellular proteins involved in transformation
before clinical symptoms appear or traditional diag-
nostic procedures detect the tumor. However, not all

autoimmune reactions may be directed against tumor-
associated antigens. The importance of differentiating
between tumor-associated and non–tumor-associated
responses is discussed below.

Autoantibodies and the dysregulation 
of mRNA-binding proteins
HCC is unusual in that it is possible to identify indi-
viduals, such as those with liver cirrhosis and chronic
hepatitis, who are at high risk of developing the disease
over a period of several years (26). During conversion
from chronic liver disease to HCC, the percentage of
autoantibody-positive individuals rises significantly. In
one study (23), one-third of HCC patients for whom
serial serum samples were available before and at the
time of diagnosis showed changes in autoantibody sta-
tus (Table 1). The changes took place in the back-
ground of an already elevated frequency of autoanti-
bodies in patients with chronic liver disease, suggesting
that additional immunogenic stimuli were associated
with tumorigenesis. Most patients manifested neoan-
tibody responses, while the others showed increases in
titers of pre-existing autoantibodies.

Sera showing the presence of neoantibodies have
been used to immunoscreen cDNA expression libraries
in order to isolate the putative tumor-associated anti-
gens, a technique that was earlier used to isolate
autoimmune rheumatic disease antigens. Proteins iso-
lated with such tumor-associated antibodies include a
serine-arginine repeat-bearing protein that acts in alter-
native mRNA splicing (27) and a cell cycle–related pro-
tein that represents a subunit of protein phosphatase
2A (28–30). Although this technique has been abun-
dantly successful in isolating and characterizing many
tumor-associated antigens, including those associated
with PND syndromes (5, 6) and cancer/testis antigens
(31), it remains possible that some of these molecules
were antigenic even before the development of the
tumor. This distinction can be made directly when pre-
malignancy sera are available for a given patient,
although tumor specificity of the antigens can also be
established by showing that antibodies are present pre-
dominantly in patients with cancer.

In early studies on HCC, the tumor-associated
autoantigens identified appeared to be idiosyncratic
features of individual patients (27, 28), but more recent
work has identified antigen-antibody systems that
occur at relatively high frequency among cancer
patients. Thus, antibodies to the nuclear protein cyclin
B1, which is expressed in the S and G2 phases of the cell
cycle, have been found in 15% (15/100) of patients with
HCC, but in the same cohort no antibodies were detect-
ed to cyclins D1 and E and only one patient had anti-
bodies to cyclin A (32). This apparent dominance of
autoimmunity to cyclin B1 among many cell cycle–reg-
ulating proteins is as yet unexplained, but the finding
of interest here is the presence of autoantibody to a sin-
gle self protein in a significant subset of patients.

Analysis of sera from a large cohort of Chinese HCC
patients identified a common 62-kDa autoantigen, p62,
which has since been cloned and identified. This protein
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Table 1
Changes in autoantibody responses associated with transformation to
HCC in chronic liver disease patients

Category of change Number with change (%)
Total number of patients

Seroconversion from ANA negative to positive 13/61 (21.3)
Increase in ANA titer in previously positive ANA 5/61 (8.2)
Appearance of neoantibody (WB) 2/61 (3.3)
in previously positive ANA
All categories 20/61 (33)

ANA, antinuclear antibody by immunohistochemistry; WB, Western immunoblot.



carries two types of RNA-binding motifs, an RNP con-
sensus sequence motif in the amino-terminal region and
four repeats of an hnRNP-K homology (KH) motif in the
C-terminal two-thirds of the protein (33). Twenty-one
percent of this group of HCC patients had antibodies to
p62, whereas patients with liver cirrhosis, patients with
chronic hepatitis, and normal controls were negative,
indicating that the autoimmune response was highly
HCC-related. Several recent studies on related proteins
have now added to the potential significance of these
observations. Nielsen et al. (34), studying cellular pro-
teins that bind to IGF-II mRNAs in a rhabdomyosarco-
ma cell line, isolated three proteins that bind the 5′
untranslated region found in one IGF-II mRNA species
(leader 3 IGF-II mRNA), which is developmentally regu-
lated and expressed in fetal tissue but not adult tissue.
These IGF-II mRNA binding proteins, called IMP-1, -2,
and -3, all contained the RNP consensus sequence and
KH RNA-binding motifs. p62 and IMP-2 are alterna-
tively spliced products of the same gene.

The relationship of this family of mRNA-binding pro-
teins to cancer has been shown in two studies besides our
own (Table 2). Mueller-Pillasch et al. (35) isolated a
cDNA overexpressed in human pancreatic cancer by dif-
ferential screening of cancer versus normal tissues. The
deduced protein called Koc (KH protein overexpressed
in cancer), which is identical to IMP-3, is overexpressed
in several other types of cancer. Doyle et al., who had ear-
lier isolated c-myc mRNA coding region instability deter-
minant binding protein (CRD-BP), a murine homolog
of human IMP-1 (Table 2) that binds a 250-nucleotide
sequence in the coding region of c-myc mRNA, have
recently shown amplification of the gene encoding this
protein in human breast cancer (36). Previously, these
investigators had shown in cell-free mRNA decay exper-
iments that CRD-BP acts as a shield to protect c-myc
mRNA from rapid degradation by binding to the 250-
nucleotide instability determinant (37).

The studies showing that p62 and Koc are mRNA-
binding proteins and that one of the targets is IGF-II
mRNA have interesting implications with regard to
cancer. IGF-II is a growth factor whose overproduc-
tion has been shown to promote tumorigenesis (38),
and its mRNA is specifically overexpressed in HCC
tumor nodules (39). IGF-II transgenic mice have
increased frequency of diverse malignancies (40), and
in SV40 oncogene-induced tumorigenesis, IGF-II
serves as an accessory factor in transformation (41).
Similarly, as Pasquinelli et al. (42) have observed,

transgenic mice expressing the hepatitis B virus enve-
lope exhibit chronic hepatocellular injury and
inflammation, leading to successive cycles of regen-
erative hyperplasia and inflammation and ultimate-
ly to development of HCC. These authors found no
abnormalities in the structure or expression of a large
panel of oncogenes and tumor suppressors, includ-
ing ras, myc, fos, abl, src, Rb, and p53, but noted that
IGF-II was consistently overexpressed.

These data suggest that IGF-II induction is common
to HCC tumors induced by a variety of stimuli and
raise the question of whether the IGF-II mRNA dys-
regulation is a necessary step in this disease pathway.
Indeed, we have observed by immunohistochemistry
that in one-third (9/27) of patients with HCC, cancer
nodules showed abundant immunostaining for p62
protein whereas adjacent nonmalignant hepatic
parenchymal and other cells were devoid of detectable
p62 (Figure 1a). In one of two cases of cholangiocarci-
noma, malignant bile duct epithelial cells also
expressed p62 (Figure 1b). Nine specimens of normal
human adult liver did not contain detectable p62,
whereas fetal liver contained immunoreactive p62 in
hepatic parenchymal cells (43). Hence, p62 is a devel-
opmentally regulated cellular protein expressed in fetal
liver but not in adult liver and aberrantly expressed in
HCC. We propose that, analogous to the manner in
which CRD-BP protects c-myc mRNA from degrada-
tion, p62 and Koc might allow expression of fetal 
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Table 2
Messenger RNA-binding proteins with RNP consensus sequence (RNA recognition motifs) and KH (hnRNP-K homology) domains involved in
tumorigenesis

mRNA-binding proteins Properties

h p62 Binds to IGF-II leader 3 mRNA. Autoantibodies to p62 detected in 21% of HCC patients (32). p62 is splice variant of IMP-2 (33).
h Koc/IMP-3 Binds to IGF-II leader 3 mRNA. h Koc mRNA found to be overexpressed in pancreatic and other cancers (34).
m CRD-BP Murine c-myc mRNA coding region binding protein. CRD-BP gene found to be overexpressed in breast cancer (35).
(homolog of human IMP-1)

h, human; m, mouse; Koc, hnRNP-K homology protein overexpressed in cancer; CRD-BP, c-myc mRNA coding region instability determinant binding protein.

Figure 1
Tumor nodule from a patient with HCC examined by immunohisto-
chemistry (a), showing expression of p62 protein in cytoplasm of cancer
cells but no detectable p62 in hepatic or other cells in adjacent noncancer
areas. One of two cholangiocarcinoma patients showed expression of
p62 in cytoplasm of malignant bile duct cells (b).



IGF-II mRNA in malignant cells, resulting in overpro-
duction of IGF-II growth factor.

Aberrantly expressed neuronal proteins 
as autoantigens in PND
Like p62 and Koc, Hu antigen–containing proteins rep-
resent RNA-binding autoantigens whose participation
in tumorigenesis was first suspected because of the
identification of autoantibodies in cancer patients. A
number of neurological disorders, such as sensory neu-
ronopathy, opsoclonus myoclonus ataxia, cerebellar
degeneration, and limbic and brain stem encephalitis,
are overt clinical symptoms in patients with tumors of
the lung, breast, ovary, and testis and have been collec-
tively called PND syndromes (5, 6). PND patients make
antibodies to proteins that are normally neuron-specif-
ic but that become expressed in non-neuronal tumors.

Two classes of these proteins have been extensively
analyzed and have been shown to be RNA-binding pro-
teins. The Hu proteins are antigens in paraneoplastic
sensory neuronopathy, are highly homologous to the
Drosophila protein ELAV (embryonic lethal abnormal
vision), and contain three RNA recognition motifs. The
ELAV/Hu proteins appear to have the function of bind-
ing to the f-rich element in the 3′ untranslated regions
of many protooncogene and cytokine messenger RNAs,
such as c-myc, c-fos, c-myb, and GM-CSF. These AU-
rich regions are instability elements, and removal of
these elements results in the stabilization of transcripts
such as GM-CSF mRNA. Placing the AU-rich element
from GM-CSF into the 3′ UTR of a stable mRNA desta-
bilizes the latter. Studies by Keene and others show that
the ELAV/Hu proteins promote the stability of the AU-
rich mRNAs, leading to greater production of transla-
tion products (44).

A second group of autoantigens in the PND syn-
dromes are proteins of the Nova group, which are KH-
related RNA-binding proteins (6). Other autoantigens
in PND syndromes continue to be described (45).
Although binding of proteins such as Hu and Nova to
RNA has been clearly established, the effect of this
binding on target RNA function has not been defini-
tively established. Much as p53 abnormalities are asso-
ciated with antibody responses in only a subset of
patients, it appears that all small-cell lung tumors
express the Hu antigen but a smaller percentage pro-
duce autoantibodies (46).

Future directions
The humoral immune responses to tumor-associated
autoantigens show clearly that antibodies can be use-
ful reagents to identify aberrant cellular mechanisms
involved in tumorigenesis. Just as many rheumatic
autoantibodies have been important reagents to help
in identifying molecules involved in pre-mRNA splic-
ing, cell division, and DNA replication (1), cancer
autoantibodies might be anticipated to provide some
insights into pathways associated with cell transfor-
mation, particularly the post-transcriptional regula-
tion of growth factors and cytokines. Many tumor-
associated autoantigens have already been identified

(47). As more are found, it will be important, but not
always straightforward (48), to determine which ones
are directly related to tumorigenesis.

Success in the treatment of cancer is influenced a
great deal by early detection. Clearly, the immune sys-
tem is capable of sensing at least some tumor-associat-
ed dysregulated cell functions before many standard
clinical tests for cancer detection. Might certain
autoantibodies therefore be added to the array of diag-
nostic tests for cancer — or even for early detection, as
now appears to be possible in tests for the characteris-
tic antibodies that presage type 1 diabetes (2)?
Although genetic abnormalities of p53 have been
shown to be present in up to 50% of all cancers (11), the
occurrence of autoantibodies is in the range of 15–20
percent (15). We have recently observed that some can-
cer patients produce antibodies to more than one
tumor-associated antigen (49). In a study using a mul-
tiple tumor-associated antigen array of six antigens, it
was found that in 546 cancer sera examined, 45% of the
sera were positive for antibody to any one of the six
antigens, compared with 12% when a single antigen
was used (our unpublished results). With the expan-
sion of the multiple antigen array to include other
tumor-associated autoantigens, the sensitivity of this
detection system could be further increased.

Other uses of the knowledge brought by autoanti-
bodies regarding cellular molecules involved in tumori-
genesis include cancer therapy aimed at restoring nor-
mal function or at abrogating harmful effects caused
by dysregulation of certain cellular functions. Efforts
in these directions are underway, including develop-
ment of cancer vaccines with p53 as the target (50).
Other major tumor-associated autoantigens could be
reasonable targets for cancer therapy. In clinical trials
associated with the development of such therapy, it
may prove efficient to select subjects with detectable
autoantibodies, using the immune response as an indi-
cation of which patients have the abnormal cellular
mechanisms being targeted for treatment.
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