Expression of CD57 on CD8* T lymphocytes of patients
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evidence for continuous activation of CD8* cells
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ABSTRACT

Objectives. To gain insight into the im-
mune pathogenesis of Wegener'’s granu-
lomatosis (WG) and microscopic poly-
angiitis (MPA), the prevalence of circu-
lating CD8* T lymphocytes expressing
CD57 as a marker for previous activa-
tion was analyzed.

Methods. Receptor expression of
CDS57 was measured in CD8* T cells
of patients with active disease (n=5) by
cytofluorometry and compared with ex-
pression in patients in remission (n=80)
and in age-matched healthy donors
(n=34). The results were compared to
clinical parameters including severity
and duration of the disease.

Results. CD8*CD57+ were detected
in patients with WG and MPA and in
healthy donors as well and increased
considerably with age. Compared to
age-matched healthy donors, the prev-
alence of CD8*CD57* was increased
in the younger patients (up to 40 y).
In most patients a high percentage of
CD8*CDS57* coincided with severe dis-
ease and multiple organ involvement,
while low CD8*CD57" percentage was
seen in patients with limited disease or
in patients in complete remission. In pa-
tients with smoldering disease, the per-
centage of CD8*CDS57* increased with
time. High numbers of CD8*CD57*
correlated with low CD4:CDS8 ratio.
Conclusions. In patients with WG and
MPA a population of CD8*/ CD57*
expand, identifying terminally differ-
entiated CD8* cells. The prevalence of
CDS57% cells was related to the course
of disease. So far, the function of CD57
on CD8* cells is not understood. How-
ever, these cells might produce certain
cytokines, which play a role in the
pathogenesis of AAV. The data sup-
port the hypothesis that CD8* T cells
are activated in the context of primary
vasculitides.
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Introduction

Activation of T lymphocytes is gener-
ally studied in the context of virus in-
fection. There is, however, unequivocal
evidence for T cell activation in chronic
inflammatory diseases, including rheu-
matoid arthritis, lupus erythematosus,
or ANCA-associated primary vasculitis
(AAV), such as Wegener’s granuloma-
tosis (WGQG) and microscopic polyangii-
tis (MPA). Because these patients often
require long-term immunosuppressive
therapy, clinically inapparent virus in-
fections as a cause of T-cell activation
are difficult to rule out. On the other
hand, data derived from patients with
newly diagnosed disease indicated ac-
tivation and expansion T-cell clones.
T-cell activation can be monitored by
loss of surface receptors, and by acqui-
sition of activation-associated surface
antigens, e.g. acquisition of CDI11b
by CD8* T cells was found in patients
with active WG (1-3). Following acti-
vation, CD8* T cells persist, and hence
accumulate, while CD8* cells undergo
apoptosis following activation. Ac-
cordingly, in patients with WG, a loss
of the absolute number of CDS8* cells
is seen, accompanied by a shift of the
CD4 to CDS ratio towards CDS8; and a
prevalence of CDS8* cell lacking the co-
stimulatory receptor CD28 (3-5).

In the present study, we assessed the
expression of CD57 on T cells of pa-
tients with WG and MPA as compared
to healthy donors. CD57, originally
called HNK-1, is a glycoprotein found
on subsets of NK cells and also of T
lymphocytes. For the latter, is thought
to identify terminally differentiated
T cells, particularly CDS8* cells in the
state of replicative sencescence [6]. In
line with this notion, increasing num-
bers of CD57* T cells are found in pa-
tients with persistent viral infections
including Epstein Virus, cytomegalo-
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virus or HIV-1 infections, with chronic
inflammatory disease, and in the eld-
erly (6-9). As terminally differentiated
cells, CD57+ T cells do not proliferate,
they, however, express cytotoxic enti-
ties, and are able to produce cytokines,
particularly gamma interferon (8, 10).
We here describe that CDS57 is ex-
pressed by CD8* cells of patients with
active WG, and of healthy donors as
well. The prevalence of CD8*CD57*
depended predominantly on the age.
Only in patients with severe disease
and multiple organ involvement a trend
towards a proportion of CD8* CD57*
was seen.

Patients, material and methods
Patient characteristics

The study was approved by the ethics
committees of the Universities of Hei-
delberg and of Diisseldorf, respectively.
After having obtained informed con-
sent, between 1999-2006, 90 patients
were recruited by the renal unit of the
University of Heidelberg University
Hospital and the Department of Rheu-
matology/ University of Diisseldorf.
Wegener’s granulomatosis (WG) and
microscopic polyangiitis (MPA) were
classified according to the definition of

the Chapel Hill conference (11) and to
the ACR criteria for the classification
of WG (12). Five patients had active
disease with a BVAS >5 (according
to the Birmingham vasculitis activity
score, (13)). Of these patients four had
untreated, newly diagnosed (WG), 1
patient had a relapse after remission for
2 years. Eighty patients (47 with WG
and 33 with MPA) in remission (BVAS
<1) for one year or more were also in-
cluded. The patients in remission were
divided into the following groups: those
with long standing disease (>5 years,
duration of disease was determined as
time elapsed since the first diagnosis)
and those with disease duration of 5
years or less. Moreover, the patients
were grouped according to severity of
the disease. “Non-severe” (S0) was de-
fined as no disease activity within the
last 5 years (n=7); “less severe” (S1)
was defined as follows: disease with-
out major organ involvement and <I
relapse (n=12); “severe disease” (S2)
was defined as follows: systemic dis-
ease including at least one major organ
(e.g. kidney, lung, central nervous sys-
tem (CNS), and history of more than 1
relapse (n=18). Localized disease was
limited to manifestations of the head

(e.g. ear, eye and nose, excluding CNS,
n=6). Furthermore, the cumulative cy-
clophosphamide dose was calculated
for each single patient. Patients were
grouped by the number of organs in-
volved, as described by de Groot et al.
(14). For comparison, blood of healthy
donors (n=34), matched with regard to
age, was drawn, after having obtained
informed consent and observing the in-
stitutional guidelines.

Cytofluorometry

The expression of CD8, CD11b, CD28,
and CD57 was measured in whole
blood by FACScan using standard pro-
cedures. Cells were triple-stained using
phycoerythrine (PE) or APC-labelled
antibodies to CD8 (Becton Dickinson,
BD), CD28 (Serotec) or CD11b (Bio-
zol), fluorescein isothiocyanate (FITC)-
labelled antibodies to CD28 (Serotec
Diisseldorf, Germany), or CD57 (BD).
The isotype controls IgGl, IgG2a,
IgG2b were used in the same final
concentration, and label, respectively.
To determine the CD4 to CDS ratio, a
mixture of anti-CD4 FITC- anti-CDS-
PE was used with IgG FITC/ IgG PE
as control (all antibodies obtained from
Beckman Coulter, Marseille).
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Data analysis

For technical reasons not all parameters
were measured in all patients or donors.
The number of individuals that were
compared with regard to one particular
parameter is given in the figure or the
figure legend, respectively. The results
of the FACScan data are expressed as
“% positive” cells in the respective
gate in relation to CD8"* cells. Differ-
ences between groups were calculated
by Wilcoxon Mann Whitney U-test;
differences between mean values by
ANOVA one-way. Chi square test was
used to analyse the coincidence of low
CD4 to CDS8 ratio and the expression of
CD57 on CD8* or CD8*CD28* cells.

Results

Using cytofluorometry, CD8*CD57*
were detected in patients with WG
and MPA as well as in healthy donors.
The expression of CD57 varied widely

among the patients and the donors, and
increased considerably with age. Com-
pared to age-matched healthy donors,
the prevalence of CD8*CD57* was in-
creased in the younger patients (up to
40 y). In the other age groups, there
were no differences between the pa-
tients and the healthy donors (an exam-
ple is shown in Fig. 1A, summary of all
patients in Fig. 1B).

As seen in Fig. 1C, CD57 is ex-
pressed by CD8'CD28* cells, and
CDS8*CD28" cells. In all age groups,
CD8'CD28-CD57+* were prevalent
in patients and in donors as well (pa-
tients CD8*CD28*CD57+ 15.5+16.5
%; CD8*CD28 CD57* 56.8+19.1%;
donors CD8*CD28*CD57+ 17.7+9.0;
CDS8*CD28" CD57+ 44.5+14.0; val-
ues given as mean = SD of n=75 (pa-
tients) or n=34 (donors)). Again only
for the group of patients of 40 years
and younger, a higher percentage of

CD8*CD28*CD57+ cells was calcu-
lated (25.1x£15.2% versus 15.248.5;
mean + SD; p=0.029). There was a
reasonable good correlation between
the percentage of CD8+CD57+ and ei-
ther CD8*CD28*CD57* or CD8*CD28"
CD57* (r=0, 78; Fig. 1D).

CD57 expression on CD8* cells of
patients with newly diagnosed disease
The data so far suggested an up-regu-
lation of CDS57 in the course of WG
and MPA which, most likely, was ob-
scured by the age-dependent increase
in CD8*CD57+, therefore we did fol-
low up-studies in patients with newly
diagnosed WG (n=4). In all, active
disease was associated with an expan-
sion of CD8*CD28*CD11b* cells (Fig.
2A). Expression of CD57, in contrast,
was within the range of that of healthy
age-matched controls (example in Fig.
2A), but unlike in healthy donors or

Fig. 2. Analysis of activation
parameters on T cells of a patient
with newly diagnosed disease
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patients in remission, the prevalence of
CDS8*CD28*CD57* was higher than that
of CD8*CD28 CD57* cells. Moreover,
CD57 was also found on CD8"CD11b*
T cells, while in healthy donors
CDS8*CD11b*CD57* is well below 5%
of total CD8*. After onset of the immu-
nosuppressive therapy with cyclophos-
phamide and corticosteroids, the propor-
tion of CD28*CD57* cells declined, and
concomitantly CD28 CD57"* increased,
as did the percentage of CD11b*CD57*
double positive cells (Fig. 2). Of note, the
expansion of CD8"CD28*CD11b* cells
did not cease within the first 4 weeks
after immunosuppressive therapy, com-
patible with the kinetics of the immuno-
suppressive effect of cyclophosphamide
on T cells. The follow-up studies for 3
other patients, and for one patient with a
relapse 2 years after remission gave es-
sentially similar results. Of note, when
all patients in remission for 1 year or
more were considered we found that the
percentage of CD8*CD11b*CD57* was
significantly higher in the patients when
compared to healthy donors (14.1£9.5%
for the patients and 7.48 + 4.2% for the
donors; p=0.038).

CDS8*CDS7* T cells in

patients in remission

To determine whether the prevalence of
CD57+ cells was related to the course
of disease, the patients were grouped
according to the following parameters:
duration of disease (determined as time
elapsed since the first diagnosis), sever-
ity, systemic versus localised disease,
number of organs involved, and the du-
ration and extent of immunosuppressive
therapy with cyclophosphamide.

We found that patients with long-stand-
ing disease (4 y and more) had a mar-
ginally significant higher percentage
of CD8*CD57* cells compared to pa-
tients with disease for less than 4 years
(p=0.048, according to Wilcoxon Mann
Whitney test). Again, only marginal
differences were seen with regard to
the prevalence of CDS8*CD57* when
patients with severe disease were com-
pared to patients with limited or one-
shot disease (p=0.034; Fig. 3A and
B). On the other hand, patients with a
prevalence of CD8'CD28"CD57 posi-
tive cells greater than 20% (this is the
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Fig. 3. Correlation of CD57 expression to clinical parameters:

The patients were group according to A: severity of disease (SO: “Non-sever”: no disease activity with-
in the last 5 years; n=7); S1: “less severe” disease without organ involvement and <1 relapse (n=12);
S2: “severe disease” with systemic manifestation including at least one major organ (e.g. kidney, lung,
central nervous system (CNS)), and history of >1 relapse; n=18).

B: systemic or localised disease (limited to manifestations of the head (e.g. ear, eye and nose, exclud-
ing CNS, n=6)) or C number of organs involved (adapted to Groot et al.). Each dot (O) represents
the percentage of CD8*CD57* cells of one patient, the bars (-) show the median values. Differences
between groups were calculated using the Mann-Whitney Wilcoxon test. The differences are calculated

against Group 1.

average calculated for all patients), were
found predominantly in the group of
patients with severe disease (S2; 11 of
28 patients; 39.3%), to a lesser extent in
the group with less severe disease (S1; 5
of 21 patients; 23.8%), and none in the
group of patients with disease-free in-
tervals for 5 years or more, and without
therapy (SO; n=7). The same was true
for CD8*CD57* cells: 60% of the pa-
tients with severe disease had more than
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30% of CD8*CD57*, but only 37% of
the patients with less severe disease. Of
the patients with disease-free intervals
for five years and more, one patient (1
of 7) had 41% CD8*CD57* cells. When
patients with localised (e.g. manifesta-
tion of the head excepts CNS) versus
systemic disease were evaluated, a high
percentage of CD8*CD28*CD57+ and
CD8*CD57* cells was found in one of
seven patients with localised disease
versus 14 of 48 (CD8*CD28*CDS57")
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Fig. 4. CD8*CD28*CD57 A
and CD8*CD28*CD11b*

expression on T cells in the
time course of disease: In
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disease or relapse, the per-
centage of CD28*CDI11b*
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or 18 of 48 (CD8'CD57*) for patients
with systemic disease. CD57 expres-
sion increased with the number of or-
gans involved (Fig. 3C). No correlation
at all was seen between CD57 expres-
sion and the cumulative cyclophospha-
mide dose.

Follow-up studies of selected patients
revealed that in patients with smol-
dering, active disease (n=5), as op-
posed to patients with well-control-
led disease (n=3), the percentage of
CD8*CD28*CD57+ increased (Fig.
4A), in parallel with an increase of
CD11b positive cells, and a shift of the
CD4 to CDS8 ratio towards CD8. When
all patients were considered CD11b ex-
pression did not correlate with CD57
expression; a high percentage of CD57
positive cells, however, coincided with
low CD4 to CDS ratio (Fig. 4B).

Discussion

The aetiology and pathogenesis of WG
and MPA is still elusive. WG usually
starts as a so-called localized disease
with granulomatous lesions of the res-
piratory tract before it converts to a
generalized, systemic disease (15).
There is convincing evidence for an ac-
tivation of T cells in the early course of
disease (1-3, 16). Lack of CD28 expres-
sion on peripheral blood CD4* as well
as on CD8" T cells has been reported
in patients with WG earlier, suggesting
a pathogenetic role of CD28 T cells in

WG. Increasing numbers CD4*/ CD28"
T cells have been described and identi-
fied as a major source of proinflamma-
tory cytokines (such as IFN-y and TNF-
o) mediating granuloma formation and
cytotoxicity and are enriched in the lung
of patients with WG (17, 18).

In patients with long-lasting disease
and immunosuppressive therapy for
an extended period of time, in con-
trast, it is difficult to attribute altera-
tions within the T-cell compartment to
progression of the underlying disease
or to the therapy, which is essentially
directed to lymphocytes. In the recent
years, however, the increasing knowl-
edge of the activation and the fate of
T cells following activation enable us
to discriminate between mere cyto-
toxic effects, and activation-associated
alterations. Thus, it became clear that
CD8* T cells persist following activa-
tion, and form a pool of terminally dif-
ferentiated cells, while CD4* cells are
eliminated following activation (19-
20). Accepting these notions, the most
pertinent observations with regard to
the T cells in primary, ANCA-associ-
ated vasculitis (WG and MPA), such
as the shift of the CD4 to CDS ratio
towards CDS8, the loss of CD4* cells,
and the prevalence of CD8*CD28" cells
could be explained as consequence of
activation, differentiation and the en-
suing replicative senescence within the
CD8* compartment (4-5).
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To assess terminal differentiation with-
in the CD8* compartment more directly,
we determined the expression of CD57
on peripheral blood cells of patients
with ANCA-associated vasculitis. As
published previously by others, the
prevalence of CD8*CDS57* increases
with age (21), presumably as the result
of continuous and/or repeated activa-
tion as it will occur during the immune
response, particularly in response to
virus infections such as cytomegalia
(CMV). Antigen-specific CDS8* cell
clones expand, differentiate to effector
cells, and eventually reach the terminal
stage, which is characterised by expres-
sion of CD57, an observation that was
confirmed recently by others (22).

When analysing our patients with newly
diagnosed disease, we found essentially
a similar differentiation of CD8*: during
active disease CD8" cell expand, iden-
tified by expression of CD11b on the
CD8*CD28* cells. CD8*CD28*CD11b*
are a transient phenotype that gives rise
to CD8*CD28CD11b*, which eventu-
ally also acquired CD57. Since the lat-
ter persist, they accumulate following
immunosuppressive therapy. Of note,
CDS8*CD28*CD11b* cells do not decline
immediately following immunosup-
pressive therapy, in contrast to activated
PMN, as we had shown before (2-3).
CDS8* cells co-expressing CDI11b and
CD57 were found also in patients in re-
mission. We presume that these are rem-
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nants of previous disease-associated ac-
tivation of CD8*, because in healthy do-
nors CD8* cells co-expressing CD11b*
and CDS57* are rather infrequent.

The prevalence of CDS*CD57* cells,
however, was not different when patients
and healthy donors were compared. This
observation, however, is not inconsist-
ent with a disease-associated activation
of CD8* because CD8*CD57* are also
generated in the context of an immune
response to infection in both, patients
and donors, and thus contribute to the
pool of CD8*CDS57* cells. The persist-
ence of these cells explains not only the
increase of CD8*CD57* cells with age,
but also the wide variation which re-
flects the individual frequency of infec-
tions. The presence of CD8*CD57* cells
that have been generated in response to
infection might obscure the increase of
CD8*CDS57* occurring in the course of
vasculitis. The observation, that in pa-
tients up to 40 years the prevalence of
CDS8*CDS57* cells is higher when com-
pared to the age-matched donors sup-
ports this assumption: in younger indi-
viduals with less frequent exposure to
infectious agents, the CD8*CDS57* pool
is still smallish, so an increase due to
an inflammatory or autoimmune event
is more apparent.

That there is a linkage between
CD8*CDS57* cells and WG/ MPA be-
comes also apparent when relating the
percentage of CD8*CD57* cells to clin-
ical parameters. In the majority of pa-
tients a higher than average percentage
of CD8*CDS57* coincided with severe
disease and multiple organ involvement,
while low CD8*CDS57+ percentage was
seen in patients with limited disease or
in patients in complete remission for an
extended period of time. Moreover, in
patients with smoldering disease, the
percentage of CD8'CDS57" increase
with time, more or less in parallel with
the expansion of CD8*CD28*CDI11b*
cells, the presumed precursors of
CD8*CDS57+*. That high numbers of
CD8*CDS57* correlated with low CD4:
CD8 ratio supports that notion, because
a loss of CD4* cells and a shift towards
CDS8* is mainly seen in patients with
long-lasting, severe disease (3-5).

So far, we cannot rule out that virus in-
fections contribute to the expansion of
CD8*CDS57+ cells, particularly in the
patients with long-term immunosup-
pressive therapy. On the other hand,
in none of the patients included in the
study there was clinical evidence for
virus infections. Moreover, the data de-
rived from the patients with newly diag-
nosed disease indicate an activation and
expansion of T cells, which eventually
results in the terminally differentiated
CD8* cells, identified by expression of
CD57.

So far, the function of CD57 on CD8*
cells is not understood; CD57, how-
ever, identifies terminally differenti-
ated CD8" cells with the propensity to
produce certain cytokines. Whether this
cytokine production play a role in WG
and MPA, or whether the presence of
CD8*CDS57* merely reflects a history of
previous activations within the CD8* T
cell compartment cannot be decided as
yet. Our data, however, support the hy-
pothesis that CD8* T cells are activated
in the context of WG and MPA.
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