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high proportion of CD28™ CD4 T cells

G. Kumar,* P.-M. Roger,*

M. Ticchioni,* C. Trojani,’

R. Bernard de Dompsur,®

N. Bronsard,® M. Carles® and

E. Bernard’

*Unité 576, Institut National de la Santé et de la
Recherche Médicale, "Service d’Infectiologie,
*Laboratoire d’ Immunologie,
SOrthopédie-Traumatologie, and
$Anesthésie-Réanimation, Hopital L’Archet 1,
Centre Hospitalier Universitaire de Nice,

Université de Nice Sophia-Antipolis, Nice, France

Accepted for publication 26 November 2013
Correspondence: G. Kumar, Infectiologie et
Unité Inserm 576, Hopital de I’Archet 1, BP
3079, 06202 Nice, France.

E-mail: gauravbioster@gmail.com

Introduction

Summary

Chronic bone infection is associated with bone resorption. From animal
CD3/CD28-activated T  cells are
osteoclastogenesis and bone resorption. Because CD28 is expressed constitu-

studies, known to enhance
tively on T cells and its expression is down-regulated by chronic exposure to
the inflammatory environment, we characterized co-stimulatory molecule
expression on T cells from chronically infected patients. We used
cytofluorometric techniques to phenotypically characterize T cells, its
co-stimulatory molecules and perforin secretion from infected and non-
infected human bones. Chronic bone infection was defined as infection
lasting for more than a month. We show a higher T cell activation [human
leucocyte antigen D-related (HLA-DR*)] in infected compared to non-
infected bones: median being 16 versus 7%, P = 0-009 for CD4 T cells, and 33
versus 15%, P =0-038 for CD8 T cells, respectively. However, T cell prolifera-
tion (Ki67*) was lower for CD8 T cells in infected bones: 26 versus 34%,
P =0-045. In contrast, we detected no difference in apoptosis and regulatory
T cells. In infected bone, we found higher CD28-negative CD4* T cells com-
pared to non-infected bone: 20 versus 8%, respectively (P = 0-005); this T cell
subset had higher CD11b expression and perforin secretion. Chronically
infected human bones are characterized by an increase of CD28-negative
CD4* T cells, indicating long-term activated cells with cytotoxic ability.
Therefore, this alteration of co-stimulatory molecules may modify interac-
tions with osteoclasts and impact bone resorption.
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[5]. The role of immune activation at the site of infection is
unclear, although it is thought to participate in bone

Increasing numbers of patients currently benefit from joint
prosthesis, due to ageing, trauma and improved surgical
techniques [1]. However, bone infection (BI) may compli-
cate orthopaedic surgery, even when there are no prosthetic
implants [2]. Infection of total hip arthroplasty or total
knee arthroplasty occurs with an incidence of 1-5-2-5% for
primary interventions, but higher rates (2—20%) have been
reported after revision procedures [3].

BI, or osteomyelitis, is an inflammatory process accom-
panied by bone destruction. While in industrial countries
the infecting microorganisms are usually Staphylococcus
species, species such as Mycobacterium tuberculosis and Sal-
monella typhi are more common in other parts of the world
[4]. It is noteworthy that bone resorption is associated with
infection, regardless of the causative microbiological agent

resorption, as suggested by experimental and human
studies, particularly in the case of periodontitis [6].

Osteoimmunology is an interdisciplinary research field
focused on the molecular understanding of the interplay
between the immune and skeletal systems. T lymphocytes
and their products have been recognized as key regulators
of osteoclast (OC) and osteoblast (OB) formation, lifespan
and activity [7]. Interestingly, OC shows some characteris-
tics of antigen-presenting cells (APC) in experimental
models of inflammatory diseases [8], which imply an inter-
action of OC with T cells.

Accordingly, it has been demonstrated that activated T
cells exert their effect via membrane-bound and secretory
receptor activator of nuclear factor kappa B ligand
(RANKL) [9]. In one in-vitro study it was found that CD4"
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T cells can support osteoclastogenesis in the presence of
macrophage colony-stimulating factor (M-CSF) alone, and
the addition of RANKL led to increased bone resorption
[10]. Conversely, CD8" T cells did not support OC differen-
tiation, but rather inhibited OC differentiation/activation
induced by RANKL [11].

Of note, experimental models used CD3/CD28 stimula-
tion to study lymphocyte-OC interactions [7, 9, 10].
However, co-stimulatory molecules, CD28, CD80, CD86,
cytotoxic T-lymphocyte antigen-4 (CTLA-4)/CD152, CD40
and CD40L showed major alterations of expression in bac-
terial infection, which may be responsible for modulating
cellular interactions [12]. Interestingly, analysis of
synovium of patients with chronic septic arthritis showed
dramatic T cell proliferation. This dramatic proliferation
of T cells suggests the occurrence of some major cellular
interactions [13].

Among other key immunological features studied in
osteoimmunology is apoptosis of CD4 T cells, for which
researchers have suggested an inverse CD4/CD8 ratio
observed in patients with aseptic loosening of prosthesis
[14]. Apoptosis might be related to regulatory T cells (Tieg),
which are specialized to limit the magnitude of T cell effec-
tor responses [15].

To the best of our knowledge, all these T cell features
have never been reported previously in human BI. Thus,
our aim was to characterize the T cell phenotype infiltrating
bacterial infected bones, focusing on the expression of
co-stimulatory molecules.

Materials and methods

Patients

Inclusion criteria for our study subjects included ‘non-
infected” patients who presented with a definitive diagnosis
of arthrosis and required prosthetic surgery. The ‘infected’
patients included those who presented with a diagnosis of
BI, proved through positive bacteriological samples per-
formed before and/or during surgery (septic loosening of
the prosthetic implant). We considered the bone tissues as
infected regardless of the bacterial species causing infection;
i.e. in general we considered only bacterial infected bone
tissues for our study. Exclusion criteria included primary or
acquired immunodeficiency, autoimmune disease, cancer,
cirrhosis and patients benefiting from immunosuppressive
drugs.

This study was conducted in accordance with the ethical
committee of our institution, for which consent was
obtained from the patients.

Cortical bone tissue samples, both non-infected and
infected, were from the compact bone region located at the
periphery of diaphysis and just below the spongy bone of
the femur. Because of the limited number of cells in
infected bone tissues, not all tests could be performed in all

patients; the number of patients included in a particular set
of data is specified in the text.

Concerning blood experimentation, 12 healthy controls
(20-25 years), four males and eight females, were from the
hospital staff. Blood was collected in a tube containing acid
citrate dextrose solution.

Cell preparation

Bone tissue samples were collected during standard opera-
tion procedures from the orthopaedic surgery room of
Hopital IArchet, Nice, France. Immediately after surgery,
the cortical part was removed and brought to the laboratory
for analysis. The cortical bone tissues were cut further into
small pieces and spongeous bone was removed, in order to
retrieve those cells which were at the interface of bone
marrow and bone tissue. They were then vortexed vigor-
ously for 2-3 min with medium [RPMI-1640 + 2% fetal
bovine serum (FBS)] to flush out cells in the medium. To
avoid debris, the suspension was filtered using a BD Cell
Strainer 40 pum nylon mesh (BD Biosciences, San Jose, CA,
USA).

After centrifugation, the cell pellet was dissolved in 2 ml
of red blood cell (RBC) lysing buffer (Sigma-Aldrich, St
Louis, MO, USA). Control of viability and cell count were
made in a final concentration of 10 million cells/ml, most of
the cells being viable.

To characterize cell phenotypes, we used cytofluo-
rometric techniques with a six-colour labelling pattern
[fluorescein isothiocyanate (FITC)/phycoerythein (PE)/
peridinin chlorophyll (PerCP) cyanin (Cy) 5-5/PE-Cy7/
allophycocyanin (APC)/Pacific blue]. For intracellular
labelling of Ki67, forkhead box protein 3 (FoxP3), inter-
feron (IFN)-v, interleukin (IL)-2 and perforin, cells were
first labelled with extracellular antibodies, fixed, perme-
abilized and then labelled with intracellular antibodies.

Antibodies

The following conjugated anti-human monoclonal antibod-
ies (mAbs) were purchased from BD Pharmingen (San Jose,
CA, USA): CD3 PE-Cy7, CD4 FITC, CD4 PerCP-Cy5-5,
CD4 APC, CD8 PerCP-Cy5-5, CD11b PE, CD25 PE, CD40
APC, CD45RA FITC, CD62L APC, CD80 FITC, CD86 PE,
CTLA-4/CD152 PE, CD154 (CD40L) APC, human leuco-
cyte antigen D-related (HLA-DR) APC, HLA-DR PE-Cy7,
Ki67 PE, annexin V FITC, IFN-y PE, IL-2 PE and propidium
iodide. CD7 FITC, CD28 FITC, CD45 Pacific blue, FoxP3
APC and perforin PE were purchased from eBioscience, Inc.
(San Diego, CA, USA). CD197/CCR7 was purchased from
R&D Systems, Inc. (Minneapolis, MN, USA).

Multiparameter flow cytometry

Flow cytometry was performed using a fluorescence-
activated cell sorter (FACS)-CANTO II flow cytometer (BD

50 © 2013 British Society for Immunology, Clinical and Experimental Immunology, 176: 49-57



T cells in chronic bone infection

Table 1. Demographic data and bacterial species found in the patients presenting with bone infection.

Duration of the

Patients Sex Age (years) Bacterial infection disease (months)
1 M 69 Prevotella oralis, Enterococcus avium 18
2 M 71 Staphylococcus aureus 12
3 M 50 Escherichia coli, Enterococcus avium, Klebsiella pneumonia 21
4 M 52 Staphylococcus epidermidis 14
5 M 57 Acinetobacter baumannii 16
6 M 78 Staphylococcus aureus 6
7 F 59 Staphylococcus coagulase 24
8 M 39 Propionibacterium acnes, Micrococcus species 14
9 M 79 Bacillus spp., Propionibacterium acnes 6

10 M 47 Staphylococcus aureus 1

11 M 70 Enterobacter aerogenes 8

12 M 74 Staphylococcus aureus 18

13 M 40 Staphylococcus aureus, Arcanobacterium haemolyticum 2

All included patients benefited from bacterial investigations during surgical procedure. Herein are reported the patients’ age, sex, duration of the

infection and bacterial species isolated in the infected bone tissues. Among 13 infected bone tissues analysed, five of 13 patients had polymicrobial

bacterial species infection. M: male; F: female.

Biosciences). Instrument set-up, calibration and interpreta-
tion were performed using both blood and bone samples.
At least 5000 lymphocytes were recorded each time. Data
analysis was performed with FACS piva software.

Statistical analysis

In order to characterize immunological data in patients
with BI, we performed the statistical analysis in normal
blood and non-infected and infected bone tissue samples.
Statistical analysis used the non-parametric Mann—Whitney
U-test, as appropriate. A P-value of <0-05 was considered
significant. Only significant values are indicated in the
figures. The analysis was performed on Statview®F-4-5
software.

Results

The infected bone tissue samples were obtained from
patients presenting with bacterial infection, as listed in
Table 1. Most of the infected tissues were obtained during
the chronic phase of the bacterial infection, i.e. lasting for
more than 1 month [16].

On average, approximately 20 million mononuclear cells
were obtained from the non-infected tissues. In infected
patients, the number of cells depended mainly upon the size
of bone tissues available, which varied from 2 to 10 million
mononuclear cells from patient to patient. As there are very
limited data in humans describing the lymphocyte pheno-
type in bone tissues, we first compared 12 blood controls
and 25 non-infected bone tissues, in order to illustrate
the immunological compartmentalization. Thereafter, we
aimed to determine the particularities of infected bones in
term of immune cell phenotypes compared to non-infected
bones.

Comparison of blood and non-infected bones indicated
immune compartmentalization

First, we analysed the different T cell subsets from blood
and non-infected bone tissues. Although the cytometric cel-
lular disposition in blood and bone tissue is quite different,
we identified successfully the double-positive CD45*CD3*
lymphocytes, and thereafter co-stimulatory molecules on
CD4 and CD8 T cell subsets in both samples. Figure 1
shows cellular distribution using cytofluorometric tech-
niques. While comparing blood and non-infected bone, we
observed that the T cell phenotype is significantly different,
with an increase of activated and proliferating T cells in the
bone. Regarding co-stimulatory molecules, T cell expression
in bone tissue increased for CD152, CD80 and CD86; all
values are given in Table 2. In contrast, no difference was
observed in T, (CD4*CD25"FoxP3*) cells.

In physiological immunology, as activation is synony-
mous with proliferation, we decided to measure prolifera-
tion as well as apoptosis, which are subsequent cellular
events [17]. We observed a significant difference in the
number of proliferating (Ki67*) cells for both CD4 and
CD8 T cell subsets in non-infected bone compared to blood
(Figs 1,2 and Table 2). In contrast, using annexin V staining
no significant apoptosis was observed in peripheral blood
mononuclear cells (PBMC) compared to bone tissues. It
should be noted that, in parallel with this study, we worked
on T cell apoptosis in HIV infection, where the detection of
T cell apoptosis was observed using the same kit (data not
shown).

Comparison of non-infected and infected bones

All the patients from whom the infected bone tissues were
collected were in a state of chronic infection. In most of the

© 2013 British Society for Immunology, Clinical and Experimental Immunology, 176: 49-57 51



G. Kumar et al.

SSC
SSC

8% | 3%| [15% | 7%

HLA-DR
HLA-DR

CD80

CD80
CD80

cD8*
non-infected bone

Infected bone

2 2 2 5 -
@ 76% @ < <
6% 2%
CD4
80% 12%
[o0]
2 2 g
© © : OF=
5% | 3
CDi52
0-3% 0-3%
N N o o
3 7 8 e 2
o L (@)
3% 1% AT 5 40,
CD8 CD86 CD86
56% 1% "
N « non-infected bone Infected bone
Qs al.
(@) : o=

Fig. 1. Cytometric data of T cell subsets and the co-stimulatory markers on blood, non-infected bone and infected bone. First the living population
was gated on total cells analysed. Then, on living CD45" cells, CD3 cells were gated and finally CD4" and CD8" cells were gated on CD3" cells. (a)
Morphology of cell population showing lymphocytes, monocytes and granulocytes. (b) CD3" T cell population. (c¢) CD4 and CD8 T cell population.

(d) Human leucocyte antigen D-related (HLA-DR) expression. In this figure, specifically, we considered that CD4-negative cells to be CD8-positive.
(e,h) Ki67 expression. (f,j) CD28 and CD152 co-stimulatory markers. (g,j) CD80 and CD86 co-stimulatory marker.

cases we studied, the infection was caused by Staphylococcus
spp. (Table 1).

For CD4 and CD8 T cell expression we analysed a total of
13 infected bone tissues. The median value of CD4 was 46%
(27-74%) and that of CD8 T cells was 38% (21-65%), thus
indicating that there was no significant alteration of the
CD4/CDS8 ratio. However, there was a trend towards fewer
naive CD4 T cells in infected compared to non-infected
bone (Table2). For Ty, cell expression we analysed 10
infected samples, which were 4% (1-8%) of the CD4 T cell
population, and thus similar to non-infected bones. Activa-
tion marker HLA-DR was increased on T cell subsets in 13
infected bone tissues, the respective values being 16%
(5-46%) for CD4 (P =0-009) and 23% (9-60%) for CD8 T
cells (P=0-038). For the proliferation state of CD4 and

CD8 T cells, we analysed 10 infected bone tissues. We
observed a reduced proliferation in infected samples com-
pared to non-infected bones, mainly for the CD8 T cell
subset: 26% (5-46%) versus 44% (20-53%) (P = 0-045, see
Table 2). Once again, we were unable to observe any signifi-
cant T cell apoptosis in infected samples.

For the expression of co-stimulatory markers, we ana-
lysed 12 infected bone tissue samples. As shown in Fig. 1,
we observed an increase of CD28°CD4 T cells in infected
tissue, compared to non-infected bone (P=0-005, see
Table 2). Among other co-stimulatory molecules, CD40,
CD40L and CD80 on CD8 T cells were modified in
infected compared to non-infected bones (P =0:002). The
details of all the markers studied are given in Fig. 2 and
Table 2.
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Table 2. Median values (%) of the markers expressed by T cell subsets in percentage in normal blood and non-infected and infected bone.

Standard P-value Standard
Standard  P-value between Non- deviation for between non- deviation
deviation blood and non- infected  non-infected infected and Infected for infected
T cell phenotype Blood for blood  infected bone bone bone infected bone bone bone
Total CD4 T cells 53 (40-71) 10-93 0-066 45 (23-67) 12-51 0-988 46 (27-74) 1651
CD4 T naive cells 53 (35-74) 13-11 0-001 33 (8-70) 17-42 0-164 18 (2-63) 20-54
HLA-DR CD4 T cells 3 (2-11) 3 0-002 7 (3-24) 5-86 0-009 16 (5-46) 13-22
Total CD8 T cells 33 (21-41) 7-19 0-372 35 (18-61) 10-78 0-395 38 (21-65) 16-06
CDS$ T naive cells 74 (62-86) 7-35 <0-001 43 (30-79) 1456 0-790 47 (13-66) 15-14
HLA-DR CD8 T cells 8 (3-25) 6-8 0-03 15 (3-54) 13-79 0-038 23 (9-60) 17-66
Treg cells 4 (1-9) 2:63 0-364 4 (0-8) 1-76 0-880 4 (1-8) 23
PCD/proliferation
Annexin-V CD4* T cells 0 (0-1) 0 0-191 0 (0-1) 0-11 0-076 0-2 (0-1) 0-35
Annexin-V CD8* T cells 0 (0-1) 0-67 0-827 0 (0-1) 0-88 0-071 0-2 (0-1) 0-21
Ki67* CD4" T cells 6 (0-1-10) 2-49 <0-001 47 (25-67) 12-43 0-187 34 (4-65) 22:26
Ki67* CD8* T cells 4 (0-8) 2-53 <0-001 34 (20-53) 845 0-045 26 (5-46) 1493
Co-stimulatory molecules
CD28* CD4" T cells 96 (73-99) 86 0-150 92 (61-99) 9-81 0-005 70 (18-96) 26-23
CD28" CD8" T cells 70 (59-81) 7-08 0-305 67 (38-85) 14-93 0-241 59 (27-78) 12-63
CD152* CD4* T cells 0-5 (0-1=7) 2 <0-001 16 (4-32) 8:03 0-642 15 (2-99) 37-69
CD152" CD8* T cells 0-3 (0-1-0-8) 0-28 <0-001 15 (4-23) 625 0-546 18 (2-98) 35-87
CD80* CD4" T cells 0-2 (0-1) 0-26 0-006 0-6 (0-6) 1-58 0-824 0-8 (0-2-12) 3-81
CD80* CD8* T cells 0-3 (0-1-3) 0-45 0-660 0-4 (0-2:3) 0-76 0-002 2 (0-3-14) 4-33
CD86" CD4* T cells 05 (0-3-15) 0-37 <0-001 13 (2-28) 694 0-444 21 (1-99) 38-39
CD86" CD8" T cells 0-3 (0-1-4) 1-24 <0-001 15 (2-32) 795 0-421 19 (0-3-99) 38-18
CD40* CD4" T cells 0-10 (0-3-6) 1-33 0-57 0-2 (0-5-1) 4-11 0-09 1-5 (0-8-7) 12:25
CD40" CD8" T cells 0-80 (0-16-2) 10-71 0-12 0-2 (0-3-2) 6-31 0-009 2 (0-1-11-6) 4-11
CD40L*CD4* T cells 0-15 (0-4-5) 1-54 0-90 0-1 (0-3-2) 7:93 0-10 2 (0-7-5) 2:39
CD40L" CD8" T cells 1-05 (0-26) 93 0-11 0-1 (0-03) 5:95 0-03 1-5 (0-85) 2:52

The median values (range) in percentage of the various markers expressed by the CD4 and CD8 T cell subsets in blood, non-infected bone and

infected bone obtained through cytometric analysis are indicated, along with their standard deviation. Statistical comparison between two groups

used the non-parametric Mann—Whitney U-test. P value < 0-05 was considered to be significant. HLA-DR: human leucocyte antigen D-related; PCD:

programmed cell death; T, regulatory T cells.

Characterization of CD28"CD4* and CD8* T cells

The observation of increased CD4 T cells negative for the
CD28 molecule in infected bone tissue was an unexpected
finding. Most previously published data concerning CD8*
CD28 T cells have suggested a cytotoxic phenotype [18].
Therefore, we used infected bone tissues for labelling with
HLA-DR, IFN-y, perforin, CD11b, IL-2 and CD7 markers to
characterize CD28* and CD28™ T cell subsets (Fig. 3). Due
to a very small percentage of CD28™ T cells in non-infected
bone tissues, we used only infected bone tissues. As shown
in Fig. 4, we observed a great difference in terms of CD11b
expression and perforin secretion for the CD28 population
compared to its positive counterpart (Table 3).

Discussion

Very few studies characterizing the immune response in
patients with bone infections have been published to date,
as most of the literature is related to inflammatory diseases
such as rheumatoid arthritis (RA) and/or osteoporosis [19,

20]. In aseptic loosening after prosthesis replacement, an
alteration of the CD4/CD8 ratio towards CD8 predomi-
nance has been reported [14]. In our present study, we thus
investigated in detail the T cell phenotype that infiltrates
tissue during human bacterial BI.

We first confirmed the immune compartmentalization
comparing blood and non-infected bone, which showed
higher differences in term of cellular phenotypes, regardless
of subset studied. These initial results clearly indicated that
osteoimmunology cannot be approached through blood
samples and peripheral lymphocyte study, which necessi-
tated the requirement of bone samples.

More importantly, we found that infected bones are char-
acterized by higher T cell activation but fewer proliferations
compared to non-infected bones, regardless of the T cell
subset considered. Accordingly, we observed fewer down-
regulated naive T cells and CD62L expression. Also, we
found nearly undetectable level of apoptosis, while the per-
centage of T cells remained low.

Our results were obtained from well-characterized
patients presenting with chronic BI only, from whom
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cellular extraction from bone tissue was based on microdis-
section, followed by robust reproducible cytofluorometric
experiments using six concomitant markers to fully distin-
guish cellular phenotype.

It has been already shown that in mouse, bone marrow is
highly enriched for the activated/memory phenotype [21].
Also, the population of naive CD4 T cells in bone marrow
was 44%, which decreased after having microbial antigen
exposure with subsequent increase of memory phenotype.
These observations are obvious in accordance with immune
physiology: T cells at inflammatory sites undergo an activa-
tion process, during which they lose the adhesion protein
CD62L, facilitating the cell transmigration process [22].In a
mouse model of alveolar bone resorption induced by
Porphyromonas gingivalis, only CD4 T cells appeared to be
involved in the osteoclastogenic process [23]. In-vitro
osteoclastogenesis by activated T cells through RANKL has
also been shown using murine CD4 T cells or human
PBMC-derived T cells [7, 9, 10]. In implant-associated post-
traumatic osteomyelitis it has been shown that T cells
down-regulate the expression of CD62L when infiltrating
the inflamed site [18]. Thus, taken altogether, our results
and others indicate T cell activation and differentiation in
infected bone tissue.

We have also shown herein the association of a high level
of T cell activation with less proliferation in human BI. Pre-
vious work on synovium in septic arthritis in humans have
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subsets, we studied human leucocyte antigen D-related (HLA-DR), CD11b and CD7 membrane expression, and interferon (IFN)-v, interleukin

(IL)-2 and perforin secretions by intracellular staining. Over-expression of CD11b and perforin secretion and the absence of IL-2 secretion indicated

a cytotoxic phenotype; data are provided in Table 3.

shown an increase in angiogenesis, but did not specifically
study T cell fate [13]. Conversely, it has been shown that
certain secretory products or toxins from Pseudomonas
aeruginosa inhibited T cell proliferation through APC
alteration [24]. Given that our patients presented with dif-
ferent pathogens, our results suggest that decreasing T cell
proliferation may be a common response to bacterial chal-
lenge in human BI.

Decreased T cell proliferation in infected bone tissue
might be the result of tissue infiltration by Ty, One report
indicated a high frequency of Ty, cells in blood during

human chronic osteomyelitis (2-:06%) in comparison to
normal subjects (1-43%), but this difference was quite low
[25]. Accordingly, an increase of T cells in mice has been
shown, mainly in the late stage of periodontitis [26].
However, in our study we did not observe such changes
between non-infected and infected bones. T are believed
to induce anergy and ultimately lead to T cell apoptosis,
which may be phagocytized rapidly, as seen in physiological
conditions [27]. In our study, the absence of T, was well in
accordance with the absence of cellular apoptotic features in
infected tissue.

Table 3. Median values (%) of the markers expressed by CD28-negative T cells and their counterparts CD28-positive cells.

Markers CD4'*CD28" CD4"CD28~ CD8'CD28" CD8*CD28"
HLA-DR 10 (7-14) 17 (13-24) 46 (40-54) 58 (25-74)
IFN-y 0-2 (0-1-3) 12 (0-32) 18 (1-3) 2-1 (1-3)
Perforin 1-2 (0-1-4) 18 (1-36) 1-5 (1-5) 2-8 (1-12)
CD11b 4 (3-8) 27 (4-51) 6 (4-9) 25 (20-70)
1L-2 0-1 (0-0-2) 0-3 (0-1-5) 0-7 (0-4-1) 2:6 (1-3)
CD7 87 (82-88) 77 (72-89) 91 (90-92) 86 (84-91)

The table shows the median values (range) in percentage of different markers expressed by negative or positive CD28 T cells from five infected
patients. HLA-DR: human leucocyte antigen D-related; IL: interleukin; IFN: interferon.
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The CD28 molecule on T cells interacts with B7 mol-
ecules on APC for optimal expansion of the T cell response
[28, 29]. CD28 is expressed constitutively on T cells, being
largely increased early in cellular activation, while CTLA-4
is expressed on the cell surface only after activation [30, 31].
Our results indicate that infected bone exhibited a decrease
in CD28 expression mainly on CD4 T cells compared to
healthy bones, while CTLA-4 expression remained
unchanged. The absence of CD28 expression is commonly
observed on the CD8 T cell subset with advance in age [32].
Also, increase of CD28°CD8" T cells has been reported in
chronic inflammation, in both experimental and human
diseases. As an example, CD28°CD4" T cells have already
been described in HIV infection as well as in Epstein—Barr
virus infection [33, 34]. Also, in patients with RA, the
expansion of CD4*CD28 T cells has been described to be
associated with cytomegalovirus infection [35, 36]. To the
best of our knowledge, this is the first study describing the
increase of CD28 CD4" T cells in human BI. Accordingly,
these CD28" cells were shown to have a high expression of
CD11b and synthesize higher amounts of perforin than
their CD28" counterparts, indicating cytotoxic activity.

We also observed an up-regulation of the CD40/CD40L
pathway on both T cell subsets, suggesting a long process of
T cell activation. CD40-CD40L interaction is required for
both a prolonged T cell response against pathogens and
antibody production, as shown in mouse models challenged
with different kinds of pathogens [37]. To our knowledge,
very little information in humans is available regarding this
pathway and specifically no information in BI [38].

Our study has some limitations. First, the availability of
small numbers of cells limited our study. We did not study
some other important markers related to bone infection
such as RANKL, etc. as the data on these markers have
already been published [7, 9, 10]. Secondly, the bacteria
involved in our cases of Bls were not always of the same
genus, possibly leading to varying immune alterations.
Thirdly, our results are mainly a phenotypic characteriza-
tion of lymphocytes, without going through the kinetics of
cellular and molecular interactions. Lastly, the donors of
normal blood were quite young in comparison to the
patients from whom the bone tissue samples were obtained.

In conclusion, bone tissue in humans appears to be a site
of T cell activation and proliferation, the latter being
decreased in chronic bacterial infections. Bone infections
are associated with a high percentage of CD28™ CD4 T cells
exhibiting a cytotoxic phenotype as well as an up-regulated
CD40/CD40L pathway on T cells. As activated T cells are
already known to express RANKL, which is a crucial factor
for osteoclastogenesis, our results suggest a creative line of
work on the mechanisms of bone resorption in human
BI. Moreover, we assume that biotherapies targeting
co-stimulatory molecules might have significant but vari-
able effects on bone resorption, depending on their mem-
brane expression.
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