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Anti-Hu antibody–associated paraneoplastic neuro-
logical syndromes (Hu-PNSs) are severe and often
precede the detection of a malignancy, usually small-
cell lung cancer. In Hu-PNS, it is hypothesized that neur-
onal cells are destroyed by T cells targeted against HuD,
a protein expressed by small-cell lung cancer cells and
neurons. There is only limited evidence for the existence
of HuD-specific T cells. To detect these T cells in the
blood of Hu-PNS patients, we employed 3 highly sensi-
tive assays that included T cell stimulation with dendritic
cells (DCs) to specifically expand the number of any
HuD-specific T cells. A total of 17 Hu-PNS patients
were tested with 1 or more of the following 3 assays:
(1) tetramer staining after stimulation of T cells with
conventionally generated DCs (n 5 9), (2) interleukin
(IL)-13 enzyme-linked immunosorbent spot (ELISpot;
n 5 3), IL-4 and IL-5 and interferon (IFN)–g multiplex
cytokine bead array (n 5 2) to assay cytokine produc-
tion by T cells after stimulation with conventionally

generated DCs, and (iii) IFN-g ELISpot and tetramer
staining after T cell stimulation with accelerated co-cul-
tured DCs (n 5 11). No circulating HuD-specific T cells
were found. We suggest that either autoaggressive T
cells in Hu-PNS are not targeted against HuD or that
their numbers in the blood are too low for detection
by highly sensitive techniques.

Keywords: anti-Hu, CD8+ T cell, HuD-specific T cell,
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A
nti-Hu antibody (Hu-Ab)–associated paraneo-
plastic neurological syndromes (Hu-PNSs) are
severe, have no effective treatment, and often

precede the detection of a malignancy, usually small-cell
lung cancer (SCLC).1 Hu-PNSs are thought to be caused
by an immune response against the HuD protein that is
normally exclusively expressed by neuronal cells and is
aberrantly expressed by SCLC cells.2 Although patients
with Hu-PNS have high titers of autoantibodies
against the HuD protein, there is no evidence that
these autoantibodies directly cause neuronal damage.3

The intracellular localization of HuD makes it inaccess-
ible to autoantibodies, and therefore it is likely that
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neuronal destruction in Hu-PNS is caused by
HuD-specific cytotoxic T cells. The hypothesis that
these T cells cause neuronal damage is supported by
autopsy studies that show the presence of cytotoxic T
cells around neurons in the nervous system tissue of
Hu-PNS patients.4,5

Previous studies that aimed to detect circulating
HuD-specific T cells showed different, often conflicting
results.6–13 First, it is uncertain whether the HuD
protein is immunogenic. One study reported that the
HuD protein can elicit a T cell response in healthy sub-
jects and mice,10 whereas another study, in mice,
demonstrated tolerance to the HuD protein.11 Second,
it is unclear which epitopes within the HuD protein
are the targets of this hypothetical T cell response.
Previously, we12,13 could not confirm T cell responses
to T cell epitopes that were identified by others.6,10

More recently, Roberts et al.9 described in 3 patients T
cell responses to the HuD-derived T cell epitopes
Hu133 and Hu157 that have not been confirmed by
others until now. Third, it is unclear which cytokines
are produced by HuD-specific T cells. Previously, clas-
sical CD8+ T cells producing interferon (IFN)–g were
described,6 whereas Roberts et al. also reported “type
2” CD8+ T cells that secreted robust amounts of the
type 2 cytokines interleukin (IL)-4, IL-5, and IL-13.9

The detection and further characterization of any
HuD-specific T cells potentially could help develop spe-
cific therapies for Hu-PNS.

In this study, we aimed to confirm the presence of
HuD-specific T cells in a relatively large group of 17
Hu-PNS patients. We used HuD-peptide loaded tetra-
mer staining to detect CD8+ T cells, a combination of
IL-13 enzyme-linked immunosorbent spot (ELISpot)
and a flow cytometric multiplex bead array to detect
type 2 CD8+ T cells, and IFN-g ELISpot to test for
classic “type 1” cytotoxic T cells. All procedures
included the use of dendritic cells (DCs) to specifically
expand the number of any HuD-specific T cells and to
gain maximal sensitivity.

Materials and Methods

Sample Collection and Storage

Heparinized blood was drawn from 17 Hu-PNS patients
who met the following criteria: presence of high-titer
anti–Hu-Abs, a definite diagnosis of PNS,14 and the pres-
ence of the human leukocyte antigen (HLA)–A*0201
and/or HLA-A*0301 restriction element. As procedural
controls, 3 healthy subjects were tested who were cyto-
megalovirus (CMV) seropositive and HLA-A*0201
and/or HLA-A*0301 positive. Peripheral blood
mononuclear cells (PBMCs) were isolated by Ficoll
density-gradient centrifugation and cryopreserved in
liquid nitrogen as described.15 Absolute numbers of
lymphocytes in the blood (expressed as 109 cells/L) and
distribution of T cell subsets (expressed as % of
lymphocytes) were determined by flow cytometry using
a whole-blood stain, lyse, no-wash method based on

counting beads (all patients except nos. 7, 10, and 14)
or by a hematology analyzer and a flow cytometric
method that included washing steps (the remaining 3
patients).16 The local ethical review committee approved
the study, and written informed consent was obtained
from all participants.

Proteins and Peptides

Recombinant HuD and Yo proteins were produced
in Escherichia coli and purified using metal affinity
chromatography, essentially as described before.3

Endotoxins were removed by Triton-X114 phase separ-
ation.17 A HuD protein-spanning peptide mix (HuDm)
that consisted of 93 15-mers, with an 11-amino-acid
overlap and a CMV phosphoprotein-65 (pp65) protein-
spanning 15-mers mix (pp65m), were obtained from
Jerini Peptide Technologies. The single 9-mers Hu133
(NLYVSGLPK) and Hu157 (RIITSRILV), selected
based on the observations of Roberts et al.,9 and
NLVPMVATV (NLV, a CMV pp65-derived peptide)
were obtained from Pepscan. Tetanus toxoid (TTX)
was kindly provided by Dr. R. Rappuoli.

Conventionally Generated DCs

After thawing the PBMCs, we isolated CD14+ cells by
magnetic separation (Miltenyi Biotec) and cultured
them in RPMI (Roswell Park Memorial Institute) 1640
medium with GlutaMAX (Invitrogen), supplemented
with 1% L-glutamine, 10% heat-inactivated human AB
serum, 1% penicillin/streptomycin, 100 U/mL IL-4
(R&D Systems), and 100 U/mL of granulocyte-
macrophage colony-stimulating factor (GM-CSF;
Immunotools).18 To induce DC maturation, 1 mg/mL
prostaglandin (PG)E2 and 50 ng/mL tumor necrosis
factor (TNF)–a were added after 6 days (R&D
Systems). After 2 additional days of culture (day 8),
these conventionally generated DCs (cDCs) were used
for in vitro stimulation of CD8+ T cells.

In Vitro Stimulation of CD8+ T Cells with cDCs

In parallel with the generation of cDCs, the CD142 T cell
fraction was cultured for 8 days prior to stimulation using
a feeder system, as described.13 CD8+ T cells were iso-
lated from the CD142 fraction by magnetic separation
(Miltenyi Biotec). Depending on the number available,
cDCs were added to the CD8+ T cells at ratios of
1:10–1:30. The CD8+ T cells and cDCs were cultured
in complete culture medium (RPMI-1640 with
4-(2-hydroxyethyl)-1-piperazine ethanesulfonic acid,
1% L-glutamine, 10% human AB serum, and 1% penicil-
lin/streptomycin). Peptides (Hu133, Hu157, or NLV)
were added at a final concentration of 10 mg/mL. One
day after addition of cDCs and peptides, 10 IU/mL
IL-2 (R&D Systems) was added to the cultures.

de Jongste et al.: No evidence for circulating HuD-specific T cells

842 NEURO-ONCOLOGY † J U L Y 2 0 1 2



In Vitro Stimulation by Accelerated Co-cultured DCs

Thawed PBMCs were incubated for 24–48 h with pep-
tides or proteins together with DC-activating agents to
induce DCs and stimulate T cells as described.19,20

PBMCs were cultured in AIM-V (Adoptive
Immunotherapy Media–Vero; Invitrogen) medium
with 1000 U/mL of GM-CSF and 500 U/mL of IL-4
(R&D Systems). Proteins (Yo, HuD) or peptide mixes
(HuDm, pp65m) were added at 10 mg/mL or 2 mg/mL,
respectively. After 24 h, we added DC maturation
stimuli (2000 U/mL TNF-a, 20 ng/mL IL-1ß [R&D
Systems], and 2 mM PGE2 [Merck Calbiochem]), 1 ng/mL
IL-7 (R&D Systems), and single peptides (Hu133,
Hu157, or NLV) at 10 mg/mL. After 48 h, nonadherent
cells were collected, washed, and used for IFN-g ELISpot
and tetramer staining.

Tetramer Staining

Up to 2 × 106 cells were stained with phycoerythrin-
conjugated tetramers, anti-CD3 fluorescein isothiocyan-
ate, anti-CD8 allophycocyanin (Becton Dickinson), and
7-amino-actinomycin-D (7AAD; Sigma-Aldrich) as
described.15 The tetramers Hu133, HLA-A*0301, and
Hu157 HLA-A*0201, selected based on the observations
of Roberts et al.,9 and NLV HLA-A*0201 were obtained
from Beckman Coulter. Irrelevant tetramers loaded with
glycoprotein 100–derived peptides or HIV-derived
peptides were obtained from Beckman Coulter or
provided by Dr. W.A.F. Marijt (Leiden University
Medical Center, the Netherlands). Listmode data were
acquired on a FACSCalibur or FACSCanto flow cyt-
ometer (Becton Dickinson). We gated on viable T cells
(7AAD2, CD3+ cells with appropriate side and forward
scatter properties). A positive response was defined as
(1) a distinct population of CD8+ tetramer-positive cells
and (2) a higher percentage of CD8+ tetramer-positive
cells than irrelevant tetramer-positive cells.

IFN-g ELISpot

After stimulation with accelerated co-cultured (ac)DCs,
PBMCs were assayed for 6 h as described previously.19

Spots were counted with a Bioreader 3000 (BioSys). A
positive response was defined as (1) a weak response
(3–4 SDs above the mean number of spot-forming
cells [SFCs] in wells without peptide) that could be
reproduced in a second experiment or (2) an intermedi-
ate to strong response (more than 4 SDs above the mean
number of SFCs in wells without peptide). Previously,
these cutoff values were shown to yield a high sensitivity
(86.4%) and specificity (90.9%) for detecting autoreac-
tive T cells in type 1 diabetes.21

Tests for the Detection of Type 2 CD8+ T Cells

CD8+ T cells that were stimulated with cDCs for 8 days
were plated in triplicates of 100 000 cells/100 mL/well
in polyvinylidene fluoride plates (Millipore) coated

with anti–IL-13 Abs (Mabtech). Subsequently, 25 000
peptide-pulsed T2 cells in 100 mL per well were added
and incubated for 20 h. Culture supernatants were col-
lected and stored at 2808C. ELISpot plates were pro-
cessed according to the manufacturer’s instructions
(Mabtech). Cytokine concentrations of culture superna-
tants were determined with the Th1/2 cytometric bead
array kit from Becton Dickinson, according to the man-
ufacturer’s instructions. Since receiver-operator charac-
teristics data are not available for these methods under
these specific conditions, we used a more stringent defin-
ition of a positive response than for the IFN-g ELISpot
assay: (1) a number of SFCs or cytokine level more
than 2× the background level in wells with T2 cells
but without peptides and (2) an increase in the number
of SFCs or the cytokine level after stimulation with
peptide-pulsed cDCs.

Results and Discussion

Seventeen Hu-PNS patients were included who tested
positive for the HLA-A*0201 restriction element and/
or the HLA-A*0301 restriction element (Table 1). The
median age of the patients was 68 years (range,
46–77). In 14 patients an underlying tumor was
detected, mostly SCLC (n ¼ 10). All but 3 patients
(nos. 2, 6, and 17) had progressive neurological symp-
toms in the 4 weeks prior to study entry, indicating
ongoing neuronal destruction. Most patients had not
received immunomodulatory or cancer treatment prior
to blood withdrawal and showed normal numbers of
lymphocytes in the blood. Two patients who had
received chemotherapy showed subnormal lymphocyte
counts (nos. 3 and 6, Table 1).

First, we stimulated CD8+ T cells of 9 Hu-PNS
patients (nos. 1–9) with cDCs pulsed with the
HuD-derived HLA-A*0301–binding peptide Hu133 or
the HLA-A*0201–binding peptide Hu157 and used
HLA-peptide tetramers to reproduce the results of
Roberts et al.9 Staining of CD8+ T cells from Hu-PNS
patient no. 1 with Hu157-loaded tetramers after 2
cycles of stimulation with peptide-pulsed cDCs did not
show any Hu157-specific T cells, while stimulation
with the CMV pp65-derived positive control peptide
NLV resulted in a dramatic increase in NLV-specific T
cells from 0.01% to 25% of the T cells (Fig. 1). The
other 8 patients were stimulated for 1 cycle prior to
tetramer staining and did not show any Hu133- or
Hu157-specific T cells (data not shown). Since the
median number of acquired CD8+ T cells was 124 000
(range, 12 000–811 000) and a count of 100 tetramer-
positive cells is needed for a reliable positive result,22

we reached a median sensitivity of 0.08% (range,
0.01%–0.85%) of stimulated CD8+ T cells. Therefore,
the sensitivity of our assay should have been sufficient
to detect similar frequencies as reported by Roberts
et al. (i.e., 0.26%–0.79%).

Since Roberts et al. also reported robust secretion of
the type 2 cytokines IL-4, IL-5, and IL-13 in stimulated
bulk CD8+ T cells, we additionally tested for the
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presence of these “type 2” CD8+ T cells in 3 patients
(nos. 7–9). Figure 2 shows the results of an IL-13
ELISpot and an IL-4, IL-5, and IFN-g bead array after
stimulation with cDCs in Hu-PNS patient no. 7 and an

HLA-A*0201-positive CMV-seropositive healthy
control. CD8+ T cells of patient no. 7 did not show
IL-13, IL-4, IL-5, or IFN-g secretion in response to the
Hu157 peptide. CD8+ T cells of the healthy control

Fig. 1. Tetramer staining of T cells after stimulation with cDCs. Tetramer staining of T cells from patient no. 1 after 1 cycle (day 8) and 2

cycles (day 16) of stimulation with cDCs. CD8-enriched T cells were stimulated with cDCs pulsed with Hu157, the CMV pp65-derived

peptide NLV, or no antigen (No Ag) as indicated in boldface. This indication applies to both rows of panels. Then, the stimulated T cells

were stained with HLA-A*0201 tetramers loaded with Hu157, NLV, or irrelevant peptide as indicated by the x-axis labels of each panel.

The percentage of CD8+ NLV-tetramer-positive T cells (upper right quadrants) increased from 0.01% of the T cells (No Ag, day 8) to

25% of the T cells (NLV, day 16). The percentage of Hu157-tetramer-positive T cells remained similar to that of the negative control

tetramer (Irrelevant A2). Abbreviations: Hu157, cDCs pulsed with Hu157 peptide; NLV, cDCs pulsed with the CMV pp65-derived

peptide NLV; Hu157 A2, HLA-A*0201 tetramer loaded with Hu157; NLV A2, HLA-A*0201 tetramer loaded with NLV; Irrelevant A2,

tetramer loaded with irrelevant peptide.

Table 1. Patient characteristics

Hu-PNS
Patient

Age/
Gender

Hu-Ab
Titer

PNS Tumor Therapy prior
to blood
withdrawal

Symptom
study
(months)

HLA-A Peripheral blood lymphocytes

Total
(109/L)

CD31

(%)
CD31,
41 (%)

CD31,
81 (%)

1 76/F 3200 EM SCLC None 5 0201 1.95 82 51 29

2 66/F 3200 SN NSCLC Chemo + RTa 33 0201 1.90 73 55 14

3 75/M 3200 SN SCLC Chemo + RT 5 0201,0301 0.50 81 62 17

4 68/M 6400 LE, CD SCLC Chemo 8 0201 1.12 80 46 27

5 61/F 12 800 EM SCLC Chemo 2 0301 1.36 77 64 11

6 46/M 6400 EM SCLC Chemo 3 0301 0.65 62 47 14

7 72/F 12 800 SN No None 4 0201,0301 1.80 54 42 12

8 74/F 800 CD Lungb None 2 0201 1.22 72 56 14

9 59/M 12 800 CD No None 6 0201 1.65 67 56 10

10 68/F 1600 SN SCLC None 2 0201 1.16 48 28 20

11 66/M 25 600 SN NSCLC None 3 0301 1.55 73 52 19

12 61/M 6400 CD SCLC None 4 0301 1.85 81 64 16

13 77/M 800 CD Prostatec None 8 0201 1.24 70 43 22

14 61/F 800 CD No None 6 0201 ND 55 35 20

15 73/F 6400 SN SCLC None 2 0201 2.05 78 40 32

16 71/F 12 800 EM SCLC Steroids 1 0301 1.26 68 37 27

17 73/M 800 AN SCLC Chemo 9 0201 1.26 64 52 11
aPatient received chemotherapy 2 years prior to study entry and was in complete remission.
bPET and CT scanning suspect for lung tumor not pathologically confirmed.
cProstate carcinoma 10 years prior to neurological symptoms.
Abbreviations: PNS, paraneoplastic neurological syndrome; F, female; M, male; EM, encephalomyelitis; SN, sensory neuronopathy; LE,
limbic encephalitis; CD, cerebellar degeneration; AN, autonomic neuropathy; SCLC, small-cell lung cancer; NSCLC, non-SCLC; No, no
tumor found after tumor workup; Chemo, chemotherapy; RT, radiotherapy; ND, not determined.
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Fig. 2. Secretion of type 2 cytokines and IFN-g by CD8+ T cells after stimulation with cDCs. CD8+ T cells were tested for secretion of type 2 cytokines and IFN-g in response to peptide-pulsed T2 cells

after stimulation with peptide-pulsed cDCs (amplified, black bars) or cDCs without peptides (not amplified, grey bars). Upper panels (A) show the results of T cells obtained from a CMV-seropositive

healthy donor, lower panels (B) show the results for Hu-PNS patient no. 7. CD8+ T cells were tested in medium and against T2 cells (T2), T2 cells pulsed with the CMV pp65-derived peptide NLV, T2

cells pulsed with the HuD-derived peptide Hu157, or T2 cells that were added simultaneously with PMA plus ionomycin (PMA). Panels on the left show the numbers of IL-13 SFC/106 CD8+ T cells,

the other panels show cytokine concentrations in culture supernatants (pg/mL) of IL-4, IL-5, and IFN-g. The CD8+ T cells of the CMV-seropositive healthy donor (upper panels) secreted both IL-13

and IFN-g. CD8+ T cells of Hu-PNS patient no. 7 (lower panels) did not secrete the type 2 cytokines IL-4, IL-5, or IL-13 or IFN- g. Abbreviations: cDCs, conventionally generated dendritic cells; CMV,

cytomegalovirus; PMA, phorbol myristate acetate plus ionomycin; IL, interleukin; PNS, paraneoplastic neurological syndromes.
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showed a significant increase in the number of IL-13
SFCs and IFN-g concentration in culture supernatant
in response to the NLV peptide. We additionally tested
2 Hu-PNS patients (nos. 8 and 9) with IL-13 ELISpot
and 1 of these patients (no. 9) also with the flow cyto-
metric bead array and did not detect any type 2
HuD-specific T cells.

Because of these negative results, we decided to test
11 patients (nos. 7–17) using an alternative approach
based on methods that have successfully detected low
numbers of circulating autoreactive T cells in type 1 dia-
betes. This approach involved 48-h stimulation with
acDCs and IFN-g ELISpot with IL-7 co-stimulation.
Advantages of these methods are reduction of culture
time and of number of manipulations, which may there-
fore offer a better representation of the in vivo situation,
and a high sensitivity due to stimulation with acDCs, re-
duction of T cell background activity by using serum-
free culture media, and an increase in the amplitude of

the antigen-specific response by IL-7 co-stimulation.19

In order to test for other HuD epitopes than Hu133
and Hu157, we also tested against the entire HuD
protein and a HuD protein-spanning 15-mers mix
(HuDm). Figure 3 shows the results of the IFN-g
ELISpot assays after stimulation with acDCs in 11
Hu-PNS patients. Testing against the HuD protein,
HuDm, Hu133 and Hu157 showed either negative
results (less than 3 SDs above background) or weak
responses (3–4 SDs above background) that could not
be reproduced and were therefore considered negative.
All 4 CMV-seropositive patients tested positive against
the CMV pp65 peptide mix (pp65m). Three of them
were HLA-A*0201 and responded to the CMV
pp65-derived HLA-A*0201–binding peptide NLV. In
addition, we performed Hu133- and Hu157-loaded
tetramer staining ex vivo and after 12 days of stimula-
tion with acDCs. We acquired a median number of
147 000 (range, 15 000–645 000) T cells ex vivo and

Fig. 3. IFN-g ELISpot of PBMCs after stimulation with acDCs. In panel A the numbers of IFN-g SFC/106 PBMCs are presented after

stimulation with acDCs in Hu-PNS patient no. 8. Panel B shows the summary for all 11 tested patients as a relative value representing

the mean number of SFCs in wells with antigen minus the mean number of SFCs in wells without antigen divided by the SDs of wells

without antigen. The cutoff value for a weak positive response (+3 SDs) is indicated by the dotted line. Responses to CMV antigens are

shown for CMV-seropositive patients only. Responses to peptides predicted to bind HLA-A*0201 or HLA-A*0301 molecules are shown

for individuals with the corresponding HLA-A phenotype only. Stimulation with positive control peptides (pp65m and NLV) and PMA

with ionomycin (PMA) resulted in a significantly higher number of IFN-g spot-forming cells (more than 4 SDs) in CMV-seropositive

patients and other patients. Stimulation with HuD or HuD-derived peptides (HuDm, Hu133, and Hu157) resulted in either no response

(less than 3 SDs) or weak responses (3–4 SDs) that could not be reproduced. Abbreviations: No Ag, no antigen; Yo, Yo protein; HuD,

HuD protein; HuDm, HuD 15-mers mix; Hu133, Hu133 peptide; Hu157, Hu157 peptide; pp65m, CMV-derived pp65 15-mers mix; NLV,

CMV-derived NLV peptide; PMA, phorbol myristate acetate plus ionomycin; TTX, tetanus toxoid; ND, not determined.
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9000 (range, 1000–166 000) T cells after acDC stimula-
tion, corresponding to median sensitivities of T cells of
0.07% (range, 0.02%–0.67%) and 1.14% (range,
0.06%–9.58%), respectively; no HuD-specific T cells
were detected.

There are several possible explanations for our nega-
tive results and the discrepancies between our results
and those of Roberts et al. First, methodological differ-
ences could have been responsible. We tried to limit
these differences by using exactly the same protocols as
Roberts et al. for stimulation of CD8+ T cells with
cDCs and using the same reagents for tetramer staining,
IL-13 ELISpot, and the multiplex bead array. However,
Roberts et al. used separate vials for separated cryopreser-
vation of monocytes and T cells, while we used single
vials with PBMCs. Hence, we had to keep the T cells in
culture for 8 additional days during the generation of
cDCs. Theoretically, the numbers of HuD-specific T
cells may have decreased during this period. However,
we also used stimulation by acDCs as an alternative ap-
proach to reduce culture time and the number of manip-
ulations, and this approach did not result in detectable
levels of any HuD-specific T cells.

Second, differences in patient characteristics between
the 2 studies may exist. Theoretically, a delay in our
patient inclusion could have resulted in more chronically
ill patients with stable symptoms in whom certain autoag-
gressive T cells may have disappeared. Of note, Roberts
et al. could detect Hu133-specific T cells in only a single
patient with progressive symptoms for 5 months, and
not in 2 chronically ill patients who had had symptoms
for more than 10 months. However, since 14 of our 17
patients had progressive neurological symptoms and 13
of the 17 patients were included not later than 6 months
after onset of their neurological symptoms, we consider
it unlikely that a delay in patient inclusion could
account for our negative results.

Third, the number of circulating HuD-specific T cells
in our study may have been too low for detection with
even the most sensitive techniques. HuD-specific T
cells may be preferentially found in or around target
tissues such as CNS, dorsal roots, or SCLC rather than
in peripheral blood.

Fourth, our negative results suggest that HuD itself
might not be the target of the hypothetical autoaggres-
sive T cells in Hu-PNS. Although the high expression
of HuD in both neurons and SCLC cells makes HuD
an attractive target of the autoaggressive T cells in
Hu-PNS, other proteins may be involved. For example,
another Hu protein, HuB, is also expressed by neurons

and SCLC cells.23 Even proteins that do not belong to
the family of Hu proteins may be involved, despite the
presence of high titers of Hu-Abs in our patients. In
celiac disease, for example, a B cell response targets
the enzyme tissue transglutaminase itself, while T cell
responses target the products of this enzyme.24

Finally, the high titers of immunoglobulin G1 anti–
Hu-Abs in patients with Hu-PNS suggest the help of
CD4+ T cells. In this paper, we focus on CD8+ T cells
because these cells are believed to directly cause neuron-
al damage by the release of cytotoxins (classic CD8+ T
cells) and because HuD-specific type 2 CD8+ T cells
have been reported in the literature.9 Although we
could also have detected CD4+ T cells with the third
assay, further research is needed to specifically address
the role of CD4+ T cells in Hu-PNS.

In summary, we propose either that autoaggressive
CD8+ T cells in Hu-PNS target not HuD but other anti-
gens (eg, HuB) or that these cells are extremely rare in
the blood, which makes their detection not amenable
to clinical application.
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