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Summary
The anti-Hu syndrome is the most common paraneoplastic neurologic syndrome but the exact
mechanism of immune mediated neuronal injury remains unknown. Anti-Hu antibodies do not appear
to play a pivotal role in the pathogenesis of the disease. To assess cell-mediated immunity, we selected
51 peptides from the Hu-D sequence and tested their ability to bind to six common HLA class I
molecules. Stable complexes with purified HLA molecules were obtained with 19/51 (37%) selected
peptides. Subsequently, the ability of the 19 HLA-binding peptides to stimulate T cells from 10
patients and 10 control subjects was evaluated by detecting IFN-γ secretion. An anti-peptide T-cell
response was observed in 7/10 Hu-positive patients but also in 3/10 control subjects. Overall, a
significant T-cell activation occurred in response to 74% (14 out of 19) of the selected peptides in
the Hu-positive patients vs. 16% (3 out of 19) in the control group (p < 0.001). In addition, T cells
of patients tested within 3 months of the onset of anti-Hu syndrome responded to 82% (14 out of 17)
of assessed Hu-D peptides vs. 37% (7 out of 19) in patients tested 1 year or more after developing
the syndrome (p < 0.01). Thus, the present study suggests a role of cellular immunity during the
course of anti-Hu syndrome.

Keywords
anti-Hu syndrome; cellular immunity; ELISPOT assay; HLA/peptide complexes; Hu-D epitopes;
IFN-γ; paraneoplastic disorders; T lymphocytes

Introduction
The term ‘anti-Hu syndrome’ is used to describe patients with paraneoplastic
encephalomyelitis and sensory neuronopathy associated with anti-Hu antibodies. Most of these
patients have small-cell lung cancer (SCLC) and develop high titers of serum and CSF
antibodies to a group of proteins of 35–40 kDa, known as Hu antigens. These Hu proteins are
normally expressed in the nucleus and, to a lesser extent, in the cytoplasm of all neurons in the
central and peripheral nervous system [1,2]. However, one of those antigens, Hu-D, is
consistently expressed in SCLC [3]. Ectopic expression by tumors of so-called onconeural
antigens is present in all patients with antibody-positive paraneoplastic neurologic syndromes
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(PNS). The antigen expressed by the tumor is strictly identical to its neuronal counterpart [4].
Though anti-Hu syndrome is the most common PNS of the central nervous system (CNS), the
exact mechanism of immune mediated neuronal injury remains unknown. The most prevalent
hypothesis is that Hu neuronal proteins, when expressed by a tumor, are identified, for still
unknown reasons, as non-self by the immune system. As a result, they trigger an immune
response which is subsequently misdirected to identical neuronal antigens, eventually leading
to neuron death [1,3]. Except for a few in vitro cytotoxicity studies suggesting a cytotoxic effect
of anti-Hu antibodies on granule cells of the cerebellum [5] and neurons of the myenteric plexus
[6], there is no further evidence of a primary pathogenic role of humoral immunity. In
particular, passive transfer of IgG from anti-Hu patients to animals did not cause the disorder,
and animal immunization with Hu-D protein or cDNA resulted in synthesis of high titers of
antibodies but without modeling the disease [7,8]. There is increasing evidence that cellular
immunity is involved in the pathogenesis of the disease [9–12]. We have previously shown
that the Hu-D fusion protein is a specific target of patients’ auto-reactive circulating CD4+ T
cells, presumably of Th1 subtype [13]. Second, other investigators have demonstrated that
activated circulating CD8+ T cells from patients with anti-Hu syndrome cause lysis of
autologous fibroblasts previously injected with recombinant Hu-D protein [14]. In a separate
work, those same investigators found similar results using MHC class I-restricted Hu-D
peptides instead of the whole protein [15]. Finally, cytotoxic responses were elicited with Hu-
D peptides in transgenic mice expressing human HLA-A2 molecules [16].

To confirm the presence of circulating Hu-D specific T cells in patients with anti-Hu syndrome,
we examined the ex vivo T cell response induced by Hu-D peptides selected for their ability to
bind to various HLA class I molecules.

Material and methods
Peripheral blood mononuclear cells and cell culture medium

Blood samples were collected after informed consent from 10 Hu-positive patients and 10 Hu-
negative donors (control group including seven healthy volunteers and three patients with
hemochromatosis). All Hu-positive patients had SCLC and PNS, except for one ‘cured’ patient
(No 3, Table 1) whose antibody titers became negative and remained so at 3-year follow-up.
Nine Hu-positive patients had not received immunosuppressive or anti-tumor treatment for at
least 6 months before blood was collected; one patient had been treated with corticosteroids
several days before the blood sample was taken.

The 10 Hu-negative blood bank volunteer donors were selected on their HLA profile. Those
displaying similar panels of HLA molecules that Hu-positive patients were used as controls
(Table 1).

PBMCs were isolated from heparinized blood by density gradient centrifugation using Ficoll
Hypaque 1.077. Cells recovered from the interface were washed twice with isotonic saline
serum, suspended in complete medium and counted in trypan blue. Complete medium consisted
of RPMI 1640 supplemented with 10% human AB serum, 2 mM L-glutamine, 1% non-essential
amino acids, 100 IU/ml penicillin, 100 μg/ml streptomycin, 1 mM sodium pyruvate and 10 nM
Hepes. PBMCs were used freshly for ELISPOT assays or kept frozen at −180 °C in fetal calf
serum (FCS) containing 10% dimethylsulfoxide (DMSO) and tested after thawing.

HLA typing
HLA typing was performed serologically by the standard NIH microlymphocytotoxicity test
as previously described [17].
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Synthetic peptides
From the Hu-D sequence we selected 8–11 amino acid long peptides containing anchor residues
required for binding to common MHC class I molecules. We found 129 peptides of 8–11
residues containing anchor motifs to class I molecules and among them we selected a set of 51
peptides whose target HLA molecules were frequent in our Hu-positive patients.

These 51 peptides were synthesized (Chiron Mimitopes, Clayton, Australia), dissolved in
DMSO at a concentration of 1 mg/ml before further dilution in complete medium for individual
experiments and stored at −20 °C.

HLA source
HLA molecules were purified from human lymphoblastoid cell lines transformed by Epstein-
Barr virus [18]. Purified HLA (50–100 μg) class I molecules (stored frozen at −80 °C) diluted
in 500 μl PBS, 0.1% NP-40 were denatured in 12.5 mM NaOH pH 11.7, 1.5 M urea, 1% bovine
serum albumin (BSA) for 1 h at 4 °C. The preparation was run through G25/PD10 Sephadex
column (Pharmacia, Peapack, NJ) equilibrated in PBS containing 0.05% Tween 20 (PBS-T),
2 mM EDTA, 0.1% NP-40 to separate heavy chains and β2-microglobulin from endogenous
peptides. Thereafter, exogenous β2-microglobulin (2 μg/ml, Sigma, St Louis, MO) and CHAPS
(6 mM, Sigma) were added to purified and denatured HLA class I molecules before addition
of Hu-D or control peptides.

Peptide binding assay
Aliquots (1 μg) of purified and denatured HLA class I molecules were incubated in Eppendorf
microtubes with or without exogenous peptide for 2 h at room temperature. Peptides were
assayed at three dilutions ranging from 10−4 to 10−8 M and the mixture was diluted to 200 μl
in PBS-T, 1% BSA, 1 mM PMSF (p-amidino-phenyl-methyl-sulfonyl-fluoride), 10 μg/ml
trypsin inhibitor. Wells of microtiter plates (Nunc Maxisorp, Taastrop, Denmark) were coated
with monoclonal anti-HLA heavy chain antibodies at a concentration of 10 μg/ml in PBS for
2 h at 37 °C. HLA-A1 molecules were detected with mAb B9.12.1, HLA-A2 molecules with
mAb BB7.2, HLA-A24 molecules with mAb A11.1, HLA-B35 molecules with mAb PA2.6
and HLA-B8, - B18 and -B51 with mAb B1.23.2. Antibodies were obtained from American
Type Culture Collection (ATCC) or as previously described [19]. Thereafter, the plates were
washed three times with PBS-T before being saturated overnight at 4 °C with 100 μl/well PBS-
T, 1% BSA. One hundred μl HLA molecules pre-incubated with peptides were added in
duplicate to antibody-coated wells and incubated for 24 h at 4 °C. The plates were then washed
three times with PBS-T. The wells were filled for 1 h at 37 °C with 100 μl anti-β2 microglobulin
antibodies M28 coupled to alkaline phosphatase to detect correctly folded HLA complexes.
Enzymatic activity was revealed using MUP substrate and the fluorescence was measured at
355/460 nm in a Fluoscan reader (VICTOR; Wallac, Evry, France).

ELISPOT assay
IFN-γ secretion from T cells stimulated by Hu-D peptides was detected by an ex vivo ELISPOT
assay. Ninety six-well nitrocellulose-bottomed plates (Millititer, Millipore, Bedford, MA)
were coated with 100 μl of monoclonal anti-human IFN-γ antibodies (clone 1-D1K, Mabtech,
Nacka, Sweden) at a concentration of 1 μg/ml in carbonate-bicarbonate buffer 0.1 M pH 9.6
and incubated overnight at 4 °C. Unbound antibodies were removed by three successive
washings with sterile PBS. The wells were then blocked with 200 μl complete medium for 2
h at 37 °C. The blocking medium was discarded and the wells were each filled in duplicate or
triplicate with 100 μl of complete medium containing 3 × 105 freshly isolated PBMCs plus 1
μg/ml synthetic peptide in a final volume of 200 μl/well. The release of IFN-γ by PBMCs in
response to a non-specific stimulator such as phorbol myristate acetate (PMA)–ionomycine
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(50 ng/ml PMA plus 500 ng/ml ionomycine) was included as a positive control. Negative assay
control consisted in the cytokine release in the presence of an irrelevant peptide.

The plates were incubated for 20 h at 37 °C in a humidified atmosphere with 5% CO2. After
incubation the plates were extensively washed with PBS-T and 100 μl biotinylated anti-human
IFN-γ antibodies (clone 7-B6-1, Mabtech) were added to each well at a concentration of 1 μg/
ml in PBS-T, BSA 1%. The plates were incubated 2 h at room temperature. Thereafter they
were vigorously rinsed five times with PBS-T and each well was exposed for 45 min at room
temperature to 100 μl Extravidin-Alkaline Phosphatase diluted 1/6000 in PBS-T, BSA 1%.
After another step washing with PBS-T, 100 μl/well of BCIP/NBT substrate (Biorad, Hercules,
CA) were added for 30 min. Color development was stopped by washing under running tap
water. After drying overnight at room temperature, colored spots were counted using a
computer-assisted image analysis system (KS ELIspot, Zeiss, Thornwood, NY).

Statistical analysis
The results were analyzed using a K2 test. For the purpose of statistical analysis, T cell response
to a given peptide was considered positive when the number of spots was at least twice the
number of spots measured in the presence of an irrelevant peptide [20]. Differences with a p
value of <0.05 were considered significant.

Results
Binding of Hu-D peptides to purified HLA molecules

We analyzed the HLA class I expression profile of 10 Hu-positive patients and selected blood
bank volunteer donors displaying equivalent panels of HLA molecules (Table 1). For the most
frequent molecules detected in our patients (HLA-A1, -A2, -A24, -B8, -B18 and -B35/51), we
identified in the Hu-D sequence 51 8- to 10-mer peptides containing HLA-binding motifs. The
HLA binding capacity of the synthetic peptides was tested at various concentrations (from
10−4 to 10−8 M) and we present herein the most significant results that were obtained at 10−6

M, as already described [21]. For each HLA molecule a positive control (a known epitope) and
a negative one (an irrelevant epitope) were added to the test. For example, peptide PB1 591–
599 from Influenza virus was used as a positive control in the HLA-A1 binding test and gave
100% binding. Nine HLA-A1-restricted Hu-D peptides were tested and three of them bound
significantly to HLA-A1 molecules (58–66, 147–155 and 245–254) (Table 2). Similar studies
using appropriate positive and negative controls and the adequate HLA molecules were
performed for each Hu-D peptide (Table 2). Twenty peptides were tested for their binding
capacity to HLA-A2 and seven of them were binders (64–72, 86–95, 111–119, 163–171, 248–
256, 315–323 and 362–370). Among 12 peptides tested for HLAA24 binding, seven formed
stable complexes with purified HLA molecules (88–95, 134–143, 151–158, 154–163, 176–
184, 341–348 and 347–355). Two out of nine HLA-B18-restricted peptides promoted
significant HLA assembly (245–254 and 347–355). Among 15 peptides containing HLA-B8
anchor residues, none was binder (not shown). In addition, two peptides were positive in the
HLA-B35 binding test (272–281 and 305–313) and were also retained for further studies.

Overall, 19 out of the 51 tested Hu-D peptides (37%) formed stable complexes with purified
HLA class I molecules.

Recognition of Hu-D peptides by T cells
The 19 Hu-D peptides that bound significantly to HLA class I molecules were each added to
PBMCs of patients and healthy donors, and ex vivo reactivity of T cells against them was tested
in the ELISPOT assay detecting IFN-γ secretion. As presented in Table 3, three Hu-D peptides
gave no response (64–72, 272–281 and 305–313) and one (347–355) triggered a significant
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cytokine secretion from one control subject but not from Hu-positive patients. Two Hu-D
peptides (147–155 and 245–254) were able to stimulate T cells from both Hu-positive patients
and healthy donors. The remaining 13 Hu-D peptides only activated T cells from Hu-positive
patients. Overall, responses were obtained with T cells from 7/10 Hu-positive patients (patients
1–3 and 6–9) as compared to 3/10 control subjects. Thus, a significant T-cell activation
occurred in response to 74% (14 out of 19) of the peptides in the Hu-positive patients vs. 16%
(3 out of 19) in the control group (p < 0.001). It should also be noted that when a given peptide
was recognized by PBMCs from both Hu-positive patients and volunteer donors, peptide
recognition intensity (i.e. ratio [number of spots for 3 × 105 PBMCs in response to that peptide/
number of spots for 3 × 105 PBMCs in response to an irrelevant peptide]) did not differ
significantly between these two groups. For example, Hu-D peptide 245–254 activated T cells
from two Hu-positive patients as well as from two control subjects. Peptide recognition
intensity was 2.96 and 2.23 for the responding Hu-positive patients, respectively, and 2.45 and
2.24 for the two volunteer donors, respectively.

Correlation between PBMC response and clinical course of the disease
The peptide recognition rate was higher in patients whose anti-Hu syndrome had developed
less than 3 months before our test (patients 2 and 6–10) than in patients whose disease had
developed more than a year before PBMC testing (patients 1 and 3–5). In the first group, 82%
of the tested peptides were recognized by the patients’ lymphocytes, while in the second group
only 37% of the peptides were identified (p < 0.01) (Figure 1).

These findings suggest a correlation between peptide recognition and the stage of the
paraneoplastic disorder. In contrast, no correlation was found between the titer of anti-Hu
antibodies and the likelihood of peptide recognition or the clinical status (not shown).

Discussion
In this work, a set of 19 Hu-D peptides able to bind to a panel of HLA class I molecules was
identified. In addition, circulating T lymphocytes from Hu-positive patients recognized much
more frequently Hu-D peptides than those from Hu-negative controls. Indeed, among the 19
Hu-D peptides tested, 74% induced a significant IFN-γ secretion from T cells of Hu-positive
patients as compared with 16% in the control group (p < 0.001). The short exposure needed to
target peptides during the ELISPOT assay indicates that the stimulated T cells were capable
of rapid effector functions [22,23]. This finding implies a previous presentation of Hu-D
peptides to circulating T cells. Presentation can occur at the tumor cell surface, as supported
by studies showing frequent co-expression of Hu-D protein and HLA class I molecules by
tumor cells of Hu-positive patients [24]. It can also be achieved by dendritic cells in the nearby
lymph nodes in the mediastinum of patients.

The fact that a few Hu-D peptides were recognized by T cells of both Hu-positive patients and
control subjects without significantly differing response intensity is not surprising. Similar
findings have been previously made in other studies comparing T cell response to specific
tumor antigens in patients with melanomas and in controls [25–27]. Possible mechanisms
include cross-reactivity with an epitope derived from a different antigen [28], non-specific T
cell activation (i.e. after a recent viral infection), or the presence of self-reactive T cells
responsive to Hu-D epitopes in some healthy individuals.

Consistent with the common phenomenon of intra-molecular epitope spreading described by
Bach et al. [29] T cells of Hu-positive patients often recognized several epitopes within the
Hu-D antigen.
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It is likely that responding lymphocytes were of CD8+ subtype since the Hu-D peptides tested
were short (8–11 amino acids) and contained anchor residues to MHC class I molecules [30].
However, some of the peptides may have fitted in MHC class II molecules, therefore
stimulating CD4+ T cells. Separation of CD8+ and CD4+ T cells using monoclonal antibodies
coupled with magnetic beads would ensure that the release of IFN-γ is due to specific HLA
class I/CD8 interaction [31].

The lack of PBMC response in 3/10 Hu-positive patients could reflect incomplete peptide
analysis because less than half of the potential epitopes and only seven MHC haplotypes (based
on their frequency in the general population and in Hu-positive patients) were studied.

Our control group comprises only ‘healthy’ subjects. It would be of interest to assess INF-γ
secretion from PBMCs of patients suffering from SCLC with neither PNS nor circulating anti-
Hu antibodies.

Even though our findings indicate T cell activation, they do not prove cytotoxic functions of
the activated cells. The ability of those cells to lyse autologous Hu-D expressing SCLC tumor
cells has yet to be demonstrated.

It is of interest to note that the clinico-pathological picture and the activity of the T-cell immune
response apparently follow a similar course during anti-Hu syndrome. Clinically, during the
early active phase of the disease patients develop a rapidly progressive neurologic disorder
with prominent inflammatory infiltrates in the neuraxis. At this stage (which usually includes
the first 3 months of the disease), we found the concomitant presence of a strong systemic Hu-
D-specific cell-mediated immune response (82% of the Hu-D peptides tested during this period
elicited IFN-γ secretion). In contrast, in later stages of the disorder (i.e. 1 year after symptom
development) symptoms usually stabilize and inflammatory cells in the CSF and the nervous
system fade away. In this phase of the disease, called ‘burnt out’ period [32], we found that
the immune response also tends to disappear, and the number of actively targeted Hu-D
peptides was significantly smaller (37%, p < 0.01). These findings may point to a model of
disorder characterized by an initial phase of antigen-driven activation and expansion of T cells
with effector functions [10,12], followed by a second phase in which the antigen-specific T
cells apoptose as the amount of antigen declines [33].

Taken together, the results of this study may indicate a role of cellular immunity in the
pathogenesis of anti-Hu syndrome. T cell reactivity to Hu-D peptides merits to be further
explored to ascertain the nature of the effector cells and to elucidate the mechanisms underlying
neuronal injury by cytotoxic T cells.
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Figure 1.
PBMC response according to time. T – time in months, T0 – diagnosis of anti-Hu syndrome,
R – peptide recognition rate.
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Table 1
HLA typing

Hu-positive patients HLA typing

1 A24 A29/B39 B62
2 A1 A3/B65 B1508
3 A1 A2/B18 B51
4 A24 A26/B38 B35
5 A2 A32/B18 B35
6 A2 A24/B44 B18
7 A1 A2/B8
8 A2 A24/B18 B13
9 A24 A11/B44 B51
10 A2/B57 B60
Volunteer donors
HC 37 A3 A11/B18
HC 63 A24/B7 B35
HC 67 A1 A25/B8 B18
BT 08 A1 A24/B35
BT 10 A2 A11/B35 B44
BT 12 A24 A30/B7 B13
BT 15 A2 A3/B7 B35
BT 33 A1 A29/B7 B18
BT 34 A1 A2/B5 B8
BT 35 A2 A28/B8 B18

HC – hemochromatosis patients, ‘BT’ letters refer to volunteer donors in the blood bank.
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Table 3
Reactivity of T cells from Hu-positive patients and healthy donors

Hu-D peptides Hu+ patients Hu− donors

58–66 1/3 0/4
64–72 0/6 0/4
86–95 1/6 0/4
88–95 2/5 0/3
111–119 1/6 0/4
134–143 2/5 0/3
147–155 2/3 1/4
151–158 2/5 0/3
154–163 4/5 0/3
163–171 1/6 0/4
176–184 4/5 0/3
245–254 2/6 2/6
248–256 2/6 0/4
272–281 0/2 0/4
305–313 0/2 0/4
315–323 2/6 0/4
341–348 3/5 0/3
347–355 0/4 1/4
362–370 2/6 0/4

Results are expressed as numbers of donors having T cells secreting IFN-γ in the presence of one Hu-D peptide in the ELISPOT assay. Results presented
in bold characters correspond to peptides recognized by T cells of Hu-positive patients only.
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