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CD101 Expression and Function in Normal and
Rheumatoid Arthritis-affected Human T Cells and
Monocytes/Macrophages
DRAGAN V. JOVANOVIC, LAURENCE BOUMSELL, ARMAND BENSUSSAN, XAVIER CHEVALIER, 
ARTURO MANCINI, and JOHN A. DI BATTISTA

ABSTRACT. Objective. It was recently reported that CD101 surface expression discriminates potency among
CD4+CD25+ FoxP3+ regulatory T cells in the mouse. We investigated whether CD101 may also
have a role in the suppressor function of regulatory T cells in humans given that the latter popula-
tion may affect the autoimmune response in patients with rheumatoid arthritis (RA).
Methods. Sorted T cells and monocyte/macrophage cell populations were analyzed by flow  
cyto metry using conjugated antibodies specific for cell-surface markers. T cell proliferation assays
were conducted by [3H]thymidine incorporation and CD8high cytotoxicity measurements by
Cyto-Scan-LDH cytotoxicity assays. ELISA were used to measure cytokines in cell culture super-
natants and Western blotting was performed for profiling mitogen-activated protein (MAP) kinase
activation using specific antiphospholipid antibodies.
Results. CD101 expression coincided with PMA-induced monocyte/leukocyte lineage differentia-
tion. CD8highCD101– T cells exhibited greater cytotoxic activity than CD8highCD101+ T cells, while
no difference was observed between CD4CD25highCD101+ and CD4CD25highCD101– Treg
inhibitory activity through responder T cells. LPS-induced proinflammatory cytokine production and
p38 MAP kinase activation were made possible by ligation of CD101 with an anti-CD101 antibody
F(ab’)2 fragment.
Conclusion. These results suggested a modulatory/coregulatory function of CD101 in the human
immune system, in contrast to murine models, in which CD101 surface expression discriminates
potency among FoxP3+ regulatory T cells. Cytotoxic CD8highCD101+ T cells were markedly less
cytotoxic than CD8high T cells negative for the CD101 antigen and were conspicuously downregu-
lated in patients with RA, suggesting a possible role for CD101 expression and function in the
 control of certain manifestations of RA pathology. (J Rheumatol First Release Dec 15 2010;
doi:10.3899/jrheum.100676)
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CD101 is a human cell-surface type 1 glycoprotein
expressed on monocytes, granulocytes, the subpopulation of
dendritic cells (DC)1, and on mucosal T lymphocytes2. In
the T cell lineage, CD101 expression is positively modulat-
ed after lymphocyte activation, while freshly isolated lym-
phocytes and thymocytes weakly express this molecule3.
Langerhans and histiocytic cells are positive for this mole-
cule and it was suggested that CD101 might be useful in
combination with other markers for the diagnosis of
Langerhans cell histiocytosis4. CD101 is a 240-kDa disul-
fide-linked homodimer protein migrating under reducing
conditions at 130 kDa. Sequencing shows a 1021 amino acid
type I transmembrane protein containing 7 immunoglobulin
type Ig-V domains with 7 glycosylation sites in the extra-
cellular portion and a short cytoplasmic tail with several ser-
ine/threonine phosphorylation consensus sites5.

Ligation of the CD101 molecule on T cells with anti-
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CD101 monoclonal antibody (mAb) blocks T cell receptor
(TCR)/CD3-induced proliferation by inhibiting calcium
flux and activation of tyrosine kinase, resulting in the sup-
pression of interleukin 2 (IL-2) transcription6,7. In contrast,
anti-CD101 mAb (anti-p126) were costimulatory with sub-
optimal concentrations of anti-CD3 mAb-inducing prolifer-
ation of cultured intestinal intraepithelial lymphocytes2. It
was also reported that after anti-CD28 and phorbol myris-
tate acetate (PMA) stimulation, only CD28+CD101+ cells
proliferate, while CD28+CD101– subsets fail to respond to
these stimulations3. Unlike CD4+CD101– T cells,
CD4+CD101+ lymphocytes proliferate in the presence of
immobilized anti-CD3 and in the absence of costimulating
cells8. Acting on cutaneous DC, anti-CD101 antibodies
inhibited T cell proliferation through IL-10 production, sug-
gesting an important regulatory role played by the CD101
molecule on DC during T cell activation9. A recent study
demonstrated that the nonobese diabetic (NOD) allele of
CD101 in C57BL/6 mice had 17 exonic single-nucleotide
polymorphisms, resulting in 10 amino acid substitutions in
the CD101 protein: the authors suggested that CD101 could
be responsible for the Idd10 effect10. Fernandez, et al11

recently reported that CD101 expression distinguished
murine Treg with potent suppressor activity.

Even though 90% of human peripheral blood
CD14+CD147+ cells express CD101, the function of this
molecule in human monocytes/macrophages is not known.
The ligand(s) and molecules associated with CD101 as well
as disease relevance are ill defined. We compared the
expression of CD101 on different peripheral blood cell pop-
ulations of patients treated for rheumatoid arthritis (RA) and
healthy donors. We tested the effect of anti-CD101 mAb on
human monocyte/macrophage functions in order to under-
stand the physiological function of this receptor. We also
examined the functional differences between CD101+ and
CD101– regulatory T cells and between CD101+ and
CD101– CD8+ cytotoxic T cells.

MATERIALS AND METHODS

Antibodies for flow cytometry and for cell sorting. The following fluo-
rochrome-conjugated antibodies were used for surface staining and cell
sorting: phycoerythrin-conjugated anti-CD101 (AbD Serotec, Raleigh,
NC, USA), FITC-conjugated anti-CD8, CD20, CD25, C33, CD147,
CD235a (ImmunoTools, Friesoythe, Germany), TCR V-alpha 24
(Immunotech, Vaudreuil-Dorion, QC, Canada), CD34 (BD Pharmingen,
San Diego, CA, USA) and antigranzyme B (Abcam, Cambridge, MA,
USA), antigen-presenting cell-conjugated anti-CD4, CD14, CD25
(ImmunoTools) and CD8 (BD Pharmingen), and PC5-conjugated anti-
CD8, CD11c, CD123 (BD Pharmingen) and CD27 (Beckman Coulter,
Mississauga, ON, Canada).

Patients, donors, and FACS analysis. Peripheral blood mononuclear cells
(PBMC) consisting of lymphocytes and monocytes were isolated from
buffy coats of healthy seronegative donors (Centre de Transfusion
Sanguine, Cretéil, France), and from peripheral blood of patients with RA
(Hôpital Henri-Mondor, Paris V University, Cretéil, France). Five patients
with active disease and fulfilling the revised classification criteria of the
American College of Rheumatology for RA were included in this study,

with duration of disease of 13.3 ± 3.2 years, treated with anti-tumor necro-
sis factor-α (TNF-α) antibody (infliximab, 3 to 5 mg/kg) for 10.3 ± 2.9
years, corticosteroids (prednisone, 2 to 10 mg/day) for 10.3 ± 2.9 years, and
methotrexate (MTX, 10 to 20 mg/week) for 3.0 ± 0.6 years. The blood
donor controls were sex-matched and age-matched with the patients; they
were 5–7 women, average age 46 ± 9 years. Local Ethical Committee
approval was received for this study and informed consent of all partici-
pating subjects was obtained.

The samples were diluted 1:2 with phosphate buffered saline (PBS) and
centrifuged over Ficoll-Paque Plus (Amersham Biosciences, Baie d’Urfe,
QC, Canada). PBMC were washed 3 times in RPMI-1640 medium con-
taining penicillin and streptomycin, 100 U/ml and 100 mg/ml, respectively
(Life Technologies, Carlsbad, CA, USA), and supplemented with 2 mM L-
glutamine (Life Technologies). Cell viability was determined by trypan
blue exclusion. After labeling for 30 min at 4°C, the cells were washed and
analyzed by flow cytometry using FACSCalibur (Becton Dickinson,
Franklin Lakes, NJ, USA) and FlowJo version 6.3.4 software.
Unstimulated and PMA-stimulated histiocytic lymphoma (U-937) and
promyelocytic leukemia (HL-60) mast cells, and unstimulated and erythro-
poietin (EPO)-stimulated erythroleukemia (TF-1) cell lines were used to
examine the expression of CD101 on differentiating cell lineages. 

Cell purification and culture. PBMC were seeded in untreated plastic petri
dishes, area per well about 28.2 cm, at a density of about 4 × 105 cells/cm2,
in a final volume of 5 ml. The cells were allowed to adhere to the dishes for
90 min at 37°C, in 5% CO2, in RPMI medium not supplemented with fetal
bovine serum (FBS)12. Nonadherent cells (mainly lymphocytes) were
removed by vigorous washes with PBS (3 times). Macrophages obtained in
this fashion were > 91% pure, as determined by FACSCalibur analysis with
anti-CD14. Cells were stimulated with lipopolysaccharide (LPS; 500
ng/ml) in the absence or presence of F(ab)2 anti-CD101 (10 µg/ml) for 48
h. The supernatants were collected and tested for cytokine and
prostaglandin E2 (PGE2). For in vitro culture of CD4+ cells and for func-
tional studies on T helper cells, CD4+ cell enrichment using magnetic cell
sorting was done according to the manufacturer’s instructions (Miltenyi
Biotec, Bergisch Gladbach, Germany). These CD4+ enriched cells were
then labeled with anti-CD4 antigen-presenting cell, anti-CD101
 phycoerythrin, and anti-CD25 FITC monoclonal antibodies.
CD4+CD25–CD101– and CD4+CD25–CD101+ as responder cells and
CD4+CD25highCD101– and CD4+CD25highCD101+ as regulatory T cells
were sorted using BD FACSAria. PBMC were also labeled with anti-CD8
FITC-conjugated antibodies and CD8highCD101– and CD8highCD101+
cells were sorted for the proliferation and cytotoxicity assays.

T cell stimulation and proliferation assay. To measure cell proliferation, 5
× 104 responder cells were seeded in round-bottom 96-well plates previ-
ously coated overnight with anti-CD3 in PBS buffer. CD4+ and CD8+ T
cells were stimulated for 3 days with anti-CD28 (1.5 µg/ml) and with anti-
CD101 (10 µg/ml). T cell proliferation was determined by measuring
[3H]thymidine incorporation during the last 16 h of culture, using a liquid
scintillator counter (LKB, Perkin-Elmer). In some experiments,
CD4+CD25highCD101– or CD4+CD25highCD101+ Treg were added to the
culture of anti-CD3/anti-CD28-stimulated CD4 or CD8 cells, in a 1:1 ratio
of responder to Treg.

Detection of cytotoxic activity and granzyme B expression.

CD8highCD101– and CD8highCD101+ cells were isolated from the periph-
eral blood of healthy donors, as described. Collected cells were washed
once with RPMI containing 2% human serum albumin. About 4 × 104 T
cells were cocultured with target cells (K562 human erythroleukemia cell
line) at 32:1 to 2:1 ratios in round-bottom tissue culture plates in 200 ml
culture medium for 4 h at 37°C under 95% CO2. Supernatants were col-
lected and the lactate dehydrogenase (LDH) was measured using
CytoScan-LDH Cytotoxicity Assay (Amersham Biosciences) according to
the instructions from the manufacturer. Triton X-100 was used to determine
the maximum lysis and target cells alone to determine spontaneous lysis.
Percentage of lysis was calculated according to this formula: experimental
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optimal density (OD) – spontaneous OD – spontaneous effector OD/(max-
imal OD – spontaneous target OD)13.

The experiment was repeated 3 times in triplicate. For intracellular
granzyme B labeling, peripheral blood leukocytes were first incubated with
anti-CD8 and anti-CD101 for 30 min. Cells were then resuspended in
Permeafix for 30 min at room temperature before labeling with anti-
granzyme B-FITC monoclonal antibody.

Cytokine analysis and intracellular killing. Measurement of IL-1ß, TNF-α,
IL-10, and PGE2 in 72 h supernatants obtained from the monocyte/
macrophage stimulation assays was performed using specific ELISA kits.
Acute Listeria monocytogenes infection in cultured monocytes/
macrophages has been used as a model of in vitro killing assay. The modi-
fied protocol of Dileepan, et al14 was performed to measure killing effica-
cy. PBMC were plated for 4 h at a density of 106 cells per well (24-well
plate). Nonadherent cells were removed and monolayers were cultured for
24 h in RPMI 10% FBS, washed with RPMI without antibiotics, and acti-
vated with LPS (500 ng/ml) and interferon-γ (IFN-γ; 100 U/ml) and anti-
CD101 F(ab’)2 (10 µg/ml) for an additional 12 h. Live L. monocytogenes

was added (2 × 105/well) in fresh RPMI without antibiotics, LPS, and
IFN-γ. The plates were centrifuged at room temperature for 10 min at 3000
rpm and incubated for 70 min at 37°C in 5% CO2. In order to kill extracel-
lular bacteria, the cultures were treated for an additional 5 h with gen-
tamycin (5 µg/ml). Triton X-100 0.05% was used to lyze the cells. The cells
were plated on brain-heart infusion agar in PBS-diluted lysate for the deter-
mination of viable counts. Prior to addition of gentamycin, control wells
were lyzed to determine the total number of viable bacteria exposed to
macrophage monolayer. Dividing the number of bacterial colonies by the
number of viable macrophages at the time when L. monocytogenes was
added normalized the bacteria’s survival, expressed as relative units.

Intracellular calcium [Ca2+]i measurement. For estimation of [Ca2+]i,
macrophages were loaded with 1 µM Indo-1/AM in RPMI supplemented
with 1% FBS for 40 min at 37°C. After 2 washes with Hanks’ buffered salt
solution, cells were introduced at 37°C at a rate of about 350 events/s into
cytofluorometer, using blue and ultraviolet lasers. CellQuest Pro and
FlowJo for Macintosh (TreeStar, Ashland, OR, USA) software was used for
acquisition and analysis, respectively. Data were collected using a 2-dimen-
sional density plot to display the Indo-1 log violet/blue ratio as a function
of time. For the maximum increase in [Ca2+]i, cells were treated with 2 nM
ionomycin.

Pepsin digestion of monoclonal antibodies. Monoclonal antibodies against
CD101 were purified from mice ascites (hybridoma BB27) obtained from
our INSERM lab. F(ab’)2 from mAb was generated by pepsin digestion
(ImmunoPure F(ab’)2 Preparation Kit, Pierce, Rockford, IL, USA;
Manitoba Centre for Proteomics and Systems Biology, University of
Manitoba, Winnipeg, Canada), according to the manufacturer’s instruc-
tions. The specificity of the antibody was verified by Western blot analysis
under nonreducing conditions using purified human CD101.

Western blotting. Phosphorylation of p38, p42/44, and stress-activated pro-
tein kinase/Jun-N-terminal kinase (SAP/JNK) mitogen-activated protein
(MAP) kinases in monocytes/macrophages was determined using specific
PhosphoPlus kits (Cell Signaling, Waverly, MA, USA) with a Phototope-
horseradish peroxidase (HRP) Western blot detection system. The mono-
cytes/macrophages were dissolved into radioimmunoprecipitation assay
buffer consisting of 1% NP40, 0.5% sodium deoxycholate, and 1% sodium
dodecyl sulfate, 10 µg/ml of pepstatin, leupeptin, aprotinin, O-phentroin,
sodium-ortovanadate, and 10 mM of phenylmethylsulfonyl fluoride and
dithiothreitol. Proteins (15 µg) were separated by SDS-polyacrylamide gel
electrophoresis using 10% gels under reducing conditions. Proteins were
transferred electrophoretically onto Hybond-N nitrocellulose filters and
blocked using SuperBlock Blocking Buffer (Pierce), and the blot incubat-
ed overnight with primary antibody, rabbit anti-phospho p42/44, p38, and
SAP/JNK (dilution 1:1000; Cell Signaling, Beverly, MA, USA). The blots
were incubated with goat antirabbit secondary antibody linked to HRP con-
jugate (1:10,000; Pierce) for 1 h, and finally, with SuperSignal Ultra chemi-

luminescence substrate (Pierce). Following incubation with the substrate,
the membrane was autoradiographed and exposed to X-Omat film
(Eastman Kodak, Rochester, NY, USA).

Statistical analysis. Values were expressed as the mean ± SEM. The signif-
icance of the results was determined using the Student t test with
Bonferroni posthoc correction. Significance was p < 5%.

RESULTS

Expression of CD101 on PBMC and on cell lines. The dis-
ease relevance and the function of CD101 in humans and in
animal models are not known. We examined the expression
of CD101 on different human blood cell populations from 7
healthy donor cell samples compared with the expression of
this molecule on cells from patients with RA. There was no
difference in the percentage of CD4+CD101+ lymphocytes
from healthy controls (6.0 ± 1.8%) compared with
CD4+CD101+ cells from patients with RA (4.5 ± 3.1%;
Figure 1A). However, significantly less (p < 0.05) CD101
was expressed on CD8+ RA lymphocytes (1.9 ± 0.1%) com-
pared with control cytotoxic/suppressor CD8+ cells (9.5 ±
2.0%). Only a small percentage of myeloid dendritic cells
(CD11c+CD33brightCD14–) of controls and patients with
RA (4.9 ± 1.3% and 3.1 ± 2.2%, respectively), plasmacytoid
dendritic cells (CD123brightCD14–), (0.3 ± 0.1% and 
0.8 ± 0.5%, respectively), and natural killer cells
(CD56+CD16bright; 0.3 ± 0.1% and 0.8 ± 0.5%, respective-
ly) were stained for CD101. B cells (CD20+) and natural
killer T cells (CD4+CD8-Va24+) were not labeled with
anti-CD101 antibodies (data not shown).

The vast majority of monocytes, in both controls and
patients with RA (88.7 ± 3.9% and 92.6 ± 1.5%, respective-
ly), were positive for CD101 (Figure 1A). We thus tested the
expression of CD101 on malignant myelomonocytic cell
lines THP-1, U-937, as well as erythromyelomonocytic cell
line K562 in order to establish whether CD101 expression
coincided with cellular differentiation. In the CD101–
promyelocytic leukemia cell line (HL-60), PMA-stimulated
cell differentiation was coincident with CD101 expression,
while in CD101+ hystiocytic lymphoma cells (U-937)
increased CD101 labeling was found after differentiation
(Figure 1B). Mast cells were negative for CD101 before and
after PMA stimulation. When CD101 slightly positive com-
mon progenitor TF-1 erythroleukemia cells (CD34+) were
driven with EPO toward erythrocyte differentiation, the
cells decreased CD34 expression and became glycophorin A
(CD235a)+, while the expression of CD101 ended.

Role of CD101 in T cell proliferation and in Treg function.

The signal delivered by CD101 on activated T cells by anti-
CD101 antibody ligation was shown to inhibit TCR/
CD3-induced T cell proliferation13. In this regard, it was
recently reported that CD101 surface expression discrimi-
nates potency among CD4+CD25+ FoxP3+ regulatory T
cells in the mouse11. We investigated whether CD101 may
also have a role in the suppressor function of regulatory T
cells in humans, since the latter population may affect the
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Figure 1. Expression of CD101 on peripheral blood mononuclear cells (PBMC) and on different cell lines. A. PBMC were iso-
lated and sorted from peripheral blood of healthy controls (n = 7) and patients with RA (n = 5) and analyzed for CD101 expres-
sion by flow cytometry. B. Unstimulated and PMA-stimulated (50 ng/ml for 72 h) histiocytic lymphoma (U-937), promyelo-
cytic leukemia (HL-60), murine mast cells, or unstimulated and EPO-stimulated (5 U/ml, for 3 days) erythroleukemia (TF-1)
cell lines were used to examine the expression of CD101 on differentiating cell lineages. Cells were stained with monoclonal
antibodies and analyzed by flow cytometry. * p < 0.05.
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auto immune response in patients with RA. Regulatory T
cells from peripheral blood were separated into
CD4+CD25highCD101– and CD4+CD25highCD101+ sub-
populations and were added to the culture of CD3/CD28-
stimulated CD4+CD25–CD101– and CD4+CD25–CD101+
as well as to the CD3/CD28-stimulated CD8highCD101– and
CD8highCD101+ cells (i.e., responder cells). There were no
differences in the proliferative responses of CD4+ and
CD8high T lymphocyte populations after CD3/CD28 stimu-
lation. The addition of anti-CD101 monoclonal antibodies
(10 µg/ml) to the culture of stimulated CD4+ responder cells
induced significantly higher inhibition (p < 0.02) of
[3H]thymidine incorporation in the CD101+CD4+ subpopu-
lation compared with CD101–CD4+ cells (71.2% and
23.0%, respectively; Figure 2A). The response of CD4 T
cells to the inhibition mediated by regulatory T cells was
independent of the presence of CD101 on the cell surface of

responding T cells. In contrast to the higher suppression of
CD101+CD4+ than CD101–CD4+ T cells by anti-CD101
monoclonal antibodies, this difference was not observed 
in CD8+ cell populations (Figure 2B). However,
CD8+CD101– cells incorporated significantly less
[3H]thymidine when cocultured with either CD101– (p <
0.05) or CD101+ (p < 0.05) regulatory T cells compared
with CD8+CD101+ lymphocytes.

Cytotoxic activity of CD8high lymphocytes. Cytotoxic activi-
ty of CD8high lymphocytes was determined by measuring
nonspecific-mediated lysis of K562 target cells. The per-
centage of lysis of target cells (mean ± SE) was significant-
ly higher in the CD101–CD8 population for all effector:tar-
get ratios (Figure 3A). The maximum lysis of K562 target
cells by this population (33.4 ± 5.9%) was found for the
effector:target ratio of 16:1. This difference in killing was
not due to the different intracellular content of granzyme B
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Figure 2. Effect of anti-CD101 monoclonal antibody on the proliferation of CD4 (A) and CD8
lymphocytes (B) and the inhibitory capacity of CD101+ and CD101– Treg. These cells were
sorted and used as responder cells: CD4+CD25–CD101–, CD4+CD25–CD101+,
CD8highCD101–, and CD8highCD101+. The latter cells were cultured 3 days in plates 
coated with anti-CD3 stimulated for 3 days with anti-CD28 (1.5 µg/ml), with or without 
anti-CD101 (10 µg/ml; n = 4). In some experiments, CD4+CD25highCD101+ or
CD4+CD25highCD101– Treg were added to the culture of responder T cells in a 1:1 ratio of
responder:Treg (A and B). T cell proliferation was determined by measurement of [3H]thymidine
incorporation during the last 16 h of culture. * p < 0.05 (n = 3 determinations).
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in CD101+ and CD101– cytotoxic T cells, as both cell pop-
ulations were similarly labeled with monoclonal antibody
specific for this enzyme (69.7 ± 12.7% and 55.4 ± 12.6%,
respectively; Figure 3B).

The effect of anti-CD101 on macrophage cytokine and

PGE2 production, and on intracellular killing. Similar to T
cell populations, the function of CD101 expressed on human
monocytes is not known. We thus examined the effect of
anti-CD101 ligation on control and LPS-stimulated mono-
cytes by measuring 72 h production of the proinflammatory
cytokines IL-1ß and TNF-α, antiinflammatory cytokine

IL-10, and the immunomodulatory eicosanoid PGE2. In
addition, the capacity for intracellular killing was measured
by incubating monocytes/macrophages in the presence of
the intracellular bacteria L. monocytogenes. To avoid the
nonspecific effect of the antibodies’ Fc domain ligation on
monocytes by FcR, an F(ab)2 fragment of anti-CD101 mAb
was used in these experiments. Anti-CD101 was found to
increase TNF-α and PGE2 levels over untreated cells,
although the differences did not reach significance. In cells
exposed to LPS, the secretion of IL-1ß (13.8%) and TNF-α
(18.1%) rose modestly with anti-CD101 stimulation, while
IL-10 and PGE2 were robustly and significantly upregulated
by 24.6% and 44.1%, respectively (Figure 4A and 4B). The
presence of anti-CD101 antibodies in the culture of
LPS-IFN-γ-stimulated monocytes/macrophages decreased
the survival of L. monocytogenes by a statistically signifi-
cant 17.5 ± 5.5% (n = 5 determinations, p < 0.05; data not
shown).

The effect of F(ab’)2 anti-CD101 on Ca2+ flux and on stress

kinase activation in human monocytes/macrophages.

Although ligation of CD101 on T cells inhibits
anti-CD3-induced [Ca2+]i transients6,7, its function in
human macrophages is unknown. Ligation of F(ab’)2
anti-CD101 fragments with monocytes/macrophages in cul-
ture had no effect on the [Ca2+]i (Figure 5A) and did not
suppress TCR/anti-CD28-induced [Ca2+]i transients (data
not shown).

In monocytes and macrophages, LPS is known to acti-
vate, among other pathways, stress kinases and the down-
stream nuclear factor transcription factor (NF)-κB. Ligation
of CD101 on monocytes/macrophages with F(ab’)2 anti-
CD101 fragments had no effect on p38 MAP kinase phos-
phorylation, although anti-CD101 antibodies increased
phosphorylation of p38 MAP kinase by 48% in LPS-stimu-
lated monocytes/macrophages (Figure 5B). Interestingly,
SAP/JNK, PI-3K, and MAP kinase pathways were unaffect-
ed by CD101 signaling (data not shown).

DISCUSSION

The leukocyte surface protein CD101 is expressed on sever-
al immune cells, such as DC, monocytes, and activated T
cells1,6,7. Gouttefangeas, et al3 reported that 29% of both
CD4+ and CD8+ from the peripheral blood were stained
with anti-CD101 monoclonal antibodies. In contrast, we
found that only 6.0 ± 1.8% of CD4+ and 9.5 ± 2.0% of
CD8+ T lymphocytes freshly isolated from the peripheral
blood of healthy controls expressed this molecule. This dif-
ference may be due to the variations in expression of CD101
between donors as well as to the different affinity of anti-
bodies used for staining.

As disease relevance and function of CD101 in humans
remain unknown, we examined the expression of CD101 on
Treg and CD8+ peripheral blood lymphocytes of patients
with RA treated with common pharmacological algorithms.

6 The Journal of Rheumatology 2011; 38:4; doi:10.3899/jrheum.100676
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Figure 3. Cytotoxic activity and granzyme B expression (B) in CD101+
and CD101– CD8high lymphocytes. A. Purified T cells were cocultured for
4 h with target cells (K562 human erythroleukemia cell line) at 32:1 to 2:1
ratios. Supernatants were collected and LDH was measured using
CytoScan-LDH Cytotoxicity Assay. * p < 0.05 (n = 3 determinations). 
B. For intracellular granzyme B staining, permeabilized CD8high T lym-
phocytes were labeled with antigranzyme B-FITC monoclonal antibody
and analyzed by flow cytometry.
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The number of CD4+CD25+ cells in peripheral blood from
patients with RA expressing CD101 was comparable to that
from healthy controls, suggesting that there is no significant
alteration in CD101 expression on the circulating
CD4+CD25+ Treg cell population in RA as a consequence
of treatment algorithms. However, RA CD8+ cells
expressed CD101 significantly less compared to control
CD8+ cells and the expression was inversely correlated with
CD8high cytotoxicity. In this connection, depletion of CD8+
cells (low CD101 expression) in animal models of RA15

strongly reduces joint inflammation, suggesting not only

that CD101 may have a regulatory function in terms of
CD8+ activity, but also that inflammatory mediators may
target its expression.

In T cell lineages, the expression of CD101 is positively
modulated after lymphocyte activation3, and this can
explain the inhibitory effect of anti-CD101 mAb on
CD4+CD101– cell proliferation. We also tested the possible
role of CD101 on the function of regulatory T cells. Studies
in mice have provided firm evidence for the existence of a
naturally occurring population of CD4+CD25high profes-
sional regulatory/suppressor T cells, which, upon in vitro
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Figure 4. The effect of F(ab’)2 anti-CD101 fragments on monocyte/macrophage cytokine and
PGE2 production. Cultures were treated with vehicle (control, A) or with 500 ng/ml LPS (B) in the
presence or absence of 10 µg/ml of the monoclonal anti-CD101 F(ab’)2 fragment as indicated.
Measurement of IL-1ß, TNF-α, IL-10, and PGE2 in 72-h supernatants obtained from the mono-
cyte/macrophage stimulation assays was performed using ELISA. *p < 0.05 (n = 5 determinations).
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TCR-mediated stimulation, suppress the proliferation of
effector T cells16,17. We found that the suppressive capacity
of CD101+ Treg did not differ from the suppressive capaci-
ty of CD101– Treg for the inhibition of both CD4+CD101–
and CD4+CD101+ autologous responder T cells. These
results suggested that the direct cell-to-cell contact by
CD101 molecule between Treg and responder T cells was
not a part of the mechanism/s by which Treg suppressed T
cell function. Also it confirmed a previous report showing
that CD101 was not a marker that distinguished activated
from nonactivated Treg18. Contrary to our results,
Fernandez, et al11 recently demonstrated that CD101 surface
expression was highly correlated with functional suppressor
activity within CD4+CD25+ Treg populations both in vitro

and in vivo. The authors sorted CD4+CD25+CD101high and
CD4+CD25+CD101low cells from spleen and compared
their suppressor activity in mixed lymphocyte reaction and

in a lethal graft-vs-host disease (GVHD) model. In our
experiments, we measured the capacity of human
CD4+CD25+CD101+ and CD4+CD25+CD101– Treg, iso-
lated from peripheral blood, to suppress the proliferation of
autologous CD4+ or CD8+ peripheral blood T cells.
Although Fernandez, et al11 found a difference in regulato-
ry activity between CD101high and CD101low Treg, they did
not compare CD101+ with CD101– Treg isolated from the
peripheral blood of mice.

CD8+ T lymphocytes are important mediators of adap-
tive immunity contributing to resistance against intracellular
infections with certain viral, protozoan, and bacterial
pathogens19. CD8+ T cells may exert their specific effector
function through the production of cytokines such as IFN-γ
and TNF-α20 or through a direct cytolytic mechanism21. In
particular, CD8+ T cells can kill other cells by releasing
granule contents such as perforin and granzyme22. In our
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Figure 5. The effect of F(ab’)2 anti-CD101 fragments on Ca2+ flux (A) and p38 MAP kinase
activation (B) in human macrophages. A. Macrophages were loaded with 1 µM Indo-1/AM
for 40 min in RPMI medium supplemented with 1% FBS at 37°C. Cells were analyzed using
blue and ultraviolet lasers in the presence or absence of anti-CD101 monoclonal antibody; the
data display the Indo-1 log violet/blue ratio as a function of time. Cells treated with 2 nM ion-
omycin were used for the maximum increase in [Ca2+]i. B. Cultures were treated with vehicle
(control) or with 500 ng/ml LPS in the presence or absence of 10 µg/ml of the monoclonal
anti-CD101 F(ab’)2 fragment, and cells were extracted for protein and subjected to Western
blot analysis using antiphospholipid p38 MAP kinase and α-actin antibodies. CTL: control.
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experiments, CD8+ T cells negative for CD101 were found
to be significantly more effective in killing K562 target cell
line compared to CD101+ CD8 lymphocytes. This differ-
ence was not due to the different intracellular content of
granzyme B in these 2 cell subpopulations. The function of
the CD101 molecule expressed on the cytotoxic T cells is
not known and we can speculate that its presence on the sur-
face of these cells may be attributed to their contact with the
target cells or in the granzyme B release from the CD8 T
cells.

Bouloc, et al9 demonstrated that CD101 triggering on
cutaneous DC inhibited T cell proliferation through
paracrine IL-10 production, and our study indicated that lig-
ation of CD101 on human monocytes/macrophages, in
either control or LPS-stimulated conditions, modified
cytokine and cyclooxygenase-2 (PGE2) expression. We
observed that the putative costimulatory effect of anti-
CD101 mAb was not followed by any changes in the [Ca2+]i
or in other second messenger systems (e.g., [cAMP]I, data
not shown). However, ligation of the CD101 molecule aug-
mented p38 MAP kinase phosphorylation (but not other
MAP kinase pathways) in LPS-stimulated monocytes; the
latter pathway is strongly associated with inflammation,
autoimmunity, diabetes, and cancer, probably through the
control of inflammatory mediator expression23. A large
body of evidence has shown that p38 regulates the stability
of messenger RNA (mRNA) with short half-lives, implicat-
ing cytokines, chemokines, oncogenes, and other proinflam-
matory mediators as targets24. Indeed, cyclooxygenase-2
mRNA stability is strongly regulated by p38 MAP kinase
signaling25.

CD101 can be considered a differentiation marker of the
monocyte/leukocyte lineage. Ligation of CD101 cotrans-
duced a p38 MAP kinase signal with downstream effects on
cell proliferation, cytokine production, inflammatory medi-
ator release, and intracellular killing. Despite our strong
interest, no difference in the inhibitory function was found
between CD101+ and CD101– regulatory T cells in contrast
to mouse models of GVHD, where CD101 surface expres-
sion was highly correlated with functional suppressor activ-
ity within the CD4+CD25+ Treg population. However,
CD8+CD101+ T cells were far less cytotoxic than CD101-
naive cytotoxic T cells, which were in fact enriched in
patients with RA. In this regard, management of RA still
requires continuous and aggressive immunosuppression,
with the risk of untoward effects. We propose testing, by
adoptive transfer of CD8+CD28–CD101+ T cell clones, a
novel immunotherapy for suppressing synovitis and sys-
temic manifestations in mouse models of RA, as a preclini-
cal approach.
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