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Abstract
Patients with isolated ZIC4 antibodies usually have paraneoplastic cerebellar degeneration (PCD)
and small cell lung cancer (SCLC) but the frequency is unknown. We analyzed the presence of ZIC1,
ZIC2 and ZIC4 antibodies in 27 patients with PCD and SCLC negative for other onconeural
antibodies. ZIC antibodies were detected in nitrocellulose filters with phage plaques. Four (15%)
PCD sera recognized ZIC2. Three of these positive sera also reacted with ZIC1 and two with ZIC4.
Our study suggests that 1) the incidence of isolated ZIC antibodies is low in PCD patients and SCLC
and 2) ZIC antibodies are probably directed to epitopes shared by the three ZIC proteins.
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1. Introduction
Around 50% of patients with paraneoplastic cerebellar degeneration (PCD) and small cell lung
carcinoma (SCLC) do not harbor onconeural or voltage-gated calcium channel antibodies
(Graus et al., 2002) and the diagnosis is based on the clinical picture and demonstration of the
tumor (Graus et al., 2004). Immunity against ZIC (derived from zinc fingers of the cerebellum)
proteins is common in patients with SCLC (Güre et al., 2000). The ZIC family includes five
DNA-binding proteins that are structurally similar to each other (Grinberg and Millen, 2005).
We previously found ZIC4 antibodies in 49 (29%) of 167 patients with paraneoplastic
neurological syndromes and SCLC whereas the frequency of ZIC4 antibodies in patients with
SCLC alone was significatively lower (16%) (Bataller et al., 2004). Most of the patients with
ZIC4 antibodies also had Hu or CV2 antibodies and presented with different paraneoplastic
neurological syndromes. In contrast, eight of the nine patients with isolated ZIC4 antibodies
presented with PCD (Bataller et al., 2004). However, the frequency of antibodies against ZIC4
or other members of the ZIC family in PCD associated with SCLC is unknown. In the present
study, we analyze the presence of antibodies against ZIC1, ZIC2 and ZIC4 in a series of PCD
patients and SCLC to ascertain its value in the diagnosis of this disorder.
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2. Materials and methods
2.1. Patients

We selected from our database, 27 patients with the final diagnosis of PCD with SCLC and no
onconeural antibodies. The inclusion criteria were the presence of an isolated or clearly
predominant cerebellar syndrome of unknown cause, the diagnosis of SCLC, and absence of
onconeural antibodies. Serum and CSF, when available, were evaluated for the presence of
onconeural antibodies (Hu, Yo, Ri, CV2, Tr, amphiphysin, Ma2, ANNA3, PCA2) by
immunohistochemistry on frozen sections of rat cerebellum according to standardized
techniques previously reported in detail (Saiz et al., 1997). Fourteen of them (52%) had voltage-
gated calcium channel antibodies (VGCC) detected by radioimmunoassay (Graus et al.,
2002).

2.2. Isolation of cDNA clones and detection of ZIC antibodies
A Uni-ZAP XR Library (Stratagene, La Jolla, CA) from human cerebellum was
immunoscreened with a with a pool of five sera (each diluted 1:1000) of PCD patients as
previously reported (Bataller et al., 2002, 2003). Four sera were negative by
immunohistochemistry or immunoblot. The fifth serum was positive for ZIC4 antibodies from
the previous study (Bataller et al., 2004). Phage ZIC positive clones were subcloned in
pBluescript using the in vivo excision phage rescue protocol (Stratagene, La Jolla, CA) and
they were full length sequenced.

The presence of ZIC antibodies in patient's sera was examined using nitrocellulose filters with
mixed phage plaques (50% of plaques from positive clones and 50% from irrelevant clones).
Filters were cut into four pieces, each one incubated with different patient's sera (dilution
1:1000) and developed by an avidin biotin immunoperoxidase technique as described (Bataller
et al., 2003). Filters were scored by two investigators (LS and FG) blind to the clinical
diagnosis.

3. Results
3.1. Analysis of the ZIC clones

We isolated by immunoscreening of a human cerebellar expression library 12 ZIC1 clones
identical to NM_003412 (NCBI accession number), 11 ZIC2 clones (NM_007129), and four
ZIC4 clones (NM_032153.3). The clones with the longest insert were selected to perform
further studies. ZIC1 and ZIC2 clones included the complete predicted open reading whereas
the analysis of the predicted translation of the ZIC4 gene revealed that the protein lacked the
first 22 amino acids of the coding sequence but contained the zinc finger motifs.

3.2. Frequency of ZIC antibodies in PCD patients with SCLC
Filters with plaques containing ZIC2 protein reacted with the serum of 4 of 22 PCD patients
(15%). Three of these positive sera also reacted with ZIC1 and two with ZIC4. The strongest
immunoreactivity was always observed in plaques containing ZIC2 protein (Fig. 1). The serum
with the weakest reaction with ZIC2 was the only one that was negative with ZIC1 and ZIC4
proteins. The clinical features of ZIC-positive patients were not different from the rest of the
series. The presence of ZIC antibodies did not correlate with that of VGCC antibodies. ZIC
antibodies were present in the serum of two patients without and two with VGCC antibodies.
CSF of the ZIC-positive patients was not available for study. As expected from previous studies
with other antibodies (Graus et al., 1997), the immunoblot assay to detect ZIC antibodies was
more sensitive than the detection by immunohistochemistry and only two of the positive sera
stained the granular cells of the cerebellum on rat sections (Bataller et al., 2002).
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4. Discussion
The Purkinje cell of the cerebellum is a frequent target of the immune response raised against
the underlying cancer. The antigen identified usually depends on the tumor type and the great
majority of PCD patients associated with a particular tumor develop a predictable immune
response (for example, anti-Yo antibodies in PCD and gynecological cancer) (Shams'ili et al.,
2003). However, this is not the case when PCD associates with SCLC. In this clinical setting,
up to 41% of PCD patients present anti-VGCC antibodies with or without associated Lambert–
Eaton myasthenic syndrome, 23% anti-Hu antibodies (Graus et al., 2002), and a minority, other
antibodies linked to SCLC such as anti-CV2, (also known as CRMP5) (Yu et al., 2001), anti-
amphiphysin (Antoine et al., 1999), anti-PCA2 (Vernino and Lennon, 2000), and anti-ANNA3
(Chan et al., 2001).

In the present study, ZIC antibodies were present in 15% of PCD patients with SCLC and
seronegative for known onconeural antibodies (Graus et al., 2004). We could not analyze the
presence of intrathecal synthesis of ZIC antibodies in our seropositive patients, a data that
would implicate the immune response against ZIC in the pathogenesis of PCD (Bataller et al.,
2002). Therefore, we cannot exclude that the presence of ZIC antibodies in our patients was a
simple indication that the underlying cancer was a SCLC. Despite this, detection of ZIC
antibodies in a patient with symptoms of PCD should prompt a screening for SCLC.

The ZIC gene family includes five genes that highly conserved across evolution. They are
involved in several development processes particularly the formation of the cerebellum (Aruga
et al., 1994; Grinberg and Millen, 2005). All ZIC genes continue to be expressed in the granular
cells of the adult cerebellum and heterozygous deletion of both ZIC1 and ZIC4 is implicated
in the Dandy–Walker malformation a congenital disorder that shows hypoplasia of the
cerebellar vermix (Merzdort, 2007). Consistent with this observation, homocygous deletion of
ZIC1 in mice was found associated with cerebellar hypoplasia (Aruga et al., 1998). Taken
together, these data emphasizes the important role of ZIC genes in cerebellar development.

ZIC genes encode proteins that contain five zinc-finger domains (Grinberg and Millen,
2005). Four domains are nearly identical in the five ZIC proteins whereas the first zinc-finger
shows minor differences (Grinberg and Millen, 2005). In our previous work, we analyzed the
presence of ZIC4 antibodies in a large series of patients with different paraneoplastic
neurological syndromes (Bataller et al., 2004). The study did not clarify if the antibodies were
specific to ZIC4 because reactivity against other ZIC family members was not done (Bataller
et al., 2004). In our present screening, all ZIC1, ZIC2, and ZIC4 clones were recognized by
the same serum. Sera that reacted more strongly with ZIC2 also recognized ZIC1 and ZIC4
suggesting that the immunoreactivity of these sera is directed primarily against the conserved
zinc-finger domains of ZIC proteins. In line with this explanation, ZIC2 antibodies detected
by serologic analysis of expression of cDNA libraries derived from SCLC lines, reacted with
a ZIC2 clone that lacked the N-terminal 207 amino acids but contained the zinc-finger domain
(Vural et al., 2005). This type of immune response has been observed with anti-Hu and other
onconeural antibodies that recognize immunodominant epitopes present is specific domains
shared by different members of the antigen family (Manley et al., 1995).

Which ZIC protein is preferentially expressed in SCLC is unclear. ZIC2 mRNA was detected
in 80% of 11 SCLC cell lines (Güre et al., 2000). By contrast ZIC1 protein was not detected
in six samples of lung cancer, including two with SCLC, that were immunoreacted with a ZIC1
monoclonal antibody (Yokota et al., 1996). These data suggest that the expression of ZIC2 in
SCLC plays a critical role in triggering the anti-ZIC immune response in PCD patients.
However, more studies on the expression of the different ZIC proteins in SCLC are needed to
confirm this hypothesis.
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To conclude, our data emphasize that the determination of ZIC antibodies identify an additional
15% of patients with PCD and SCLC that do not show onconeural antibodies. Future studies
using new strategies to isolate novel antibodies not detected by conventional
immunohistochemistry will be necessary to increase our knowledge on the immunomic
repertoire of the PCD associated with SCLC and provide new tools to improve our diagnostic
accuracy of this disorder.
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Fig. 1.
Detection of ZIC antibodies with phage plaques (see Materials and methods). The four
quadrants contained A) ZIC4, B) ZIC1, C) ZIC2, and D) irrelevant phages that were
immunoreacted with a positive serum that recognized the three ZIC proteins. Note that
immunoreactivity was much stronger with the ZIC2 phage.
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