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Question

Discuss the involvement of T- and B-lymphocytes in the
pathogenesis and progression of osteomyelitis and
osteoarthritis.

The bone marrow is extremely important to the immune system because all the body’s
blood cells (including T and B lymphocytes) originate in the bone marrow. B
lymphocytes remain in the marrow

T cells (thymus cells) and B cells (bone marrow- or bursa-derived cells[a]) are the
major cellular components of the adaptive immune response. T cells are involved

in cell-mediated immunity, whereas B cells are primarily responsible for humoral
immunity(relating to antibodies). The function of T cells and B cells is to recognize
specific "non-self" antigens, during a process known as antigen presentation. Once
they have identified an invader, the cells generate specific responses that are tailored
maximally to eliminate specific pathogens or pathogen-infected cells. B cells respond

to pathogens by producing large quantities of antibodies which then neutralize foreign



objects like bacteria and viruses. In response to pathogens some T cells, called T’
helper cells, produce cytokines that direct the immune response, while other T cells,
called cytotoxic T cells, produce toxic granules that contain powerful enzymes which
induce the death of pathogen-infected cells. Following activation, B cells and T cells
leave a lasting legacy of the antigens they have encountered, in the form of memory
cells. Throughout the lifetime of an animal, these memory cells will "remember" each

specific pathogen encountered, and are able to mount a strong and rapid response if

the same pathogen is detected again; this is known as acquired immunity.




This scanning electron micrograph shows a T lymphocyte, which is responsible for
the cell-mediated immune response. T cells are able to recognize antigens. (credit:

modification of work by NCI; scale-bar data from Matt Russell)

T lymphocytes

T cells encompass a heterogeneous population of cells with extremely diverse
functions. Some T cells respond to APCs of the innate immune system, and indirectly
induce immune responses by releasing cytokines. Other T cells stimulate B cells to
prepare their own response. Another population of T cells detects APC signals and
directly kills the infected cells. Other T cells are involved in suppressing inappropriate

immune reactions to harmless or “self” antigens.

T and B cells exhibit a common theme of recognition/binding of specific antigens via
a complementary receptor, followed by activation and self-amplification/maturation
to specifically bind to the particular antigen of the infecting pathogen. T and B
lymphocytes are also similar in that each cell only expresses one type of antigen
receptor. Any individual may possess a population of T and B cells that together
express a near limitless variety of antigen receptors that are capable of recognizing
virtually any infecting pathogen. T and B cells are activated when they recognize
small components of antigens, called epitopes, presented by APCs, illustrated in

below
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Figure 2. An antigen is a macromolecule that reacts with components of the immune
system. A given antigen may contain several motifs that are recognized by immune
cells. Each motif is an epitope. In this figure, the entire structure is an antigen, and the

orange, salmon and green components projecting from it represent potential epitopes.

the recognition occurs at a specific epitope rather than on the entire antigen; for this
reason, epitopes are known as “antigenic determinants.” In the absence of information
from APCs, T and B cells remain inactive, or naive, and are unable to prepare an
immune response. The requirement for information from the APCs of innate
immunity to trigger B cell or T cell activation illustrates the essential nature of the

innate immune response to the functioning of the entire immune system.

Naive T cells can express one of two different molecules, CD4 or CDS, on their
surface, and are accordingly classified as CD4" or CD8" cells. These molecules are

important because they regulate how a T cell will interact with and respond to an APC.



Naive CD4" cells bind APCs via their antigen-embedded MHC II molecules and are
stimulated to become helper T (Tu) lymphocytes, cells that go on to stimulate B cells
(or cytotoxic T cells) directly or secrete cytokines to inform more and various target
cells about the pathogenic threat. In contrast, CD8" cells engage antigen-embedded
MHC I molecules on APCs and are stimulated to become cytotoxic T lymphocytes
(CTLs), which directly kill infected cells by apoptosis and emit cytokines to amplify
the immune response. The two populations of T cells have different mechanisms of
immune protection, but both bind MHC molecules via their antigen receptors called T
cell receptors (TCRs). The CD4 or CD8 surface molecules differentiate whether the
TCR will engage an MHC II or an MHC I molecule. Because they assist in binding

specificity, the CD4 and CD8 molecules are described as coreceptors.

T lymphocytes originate from precursor stem cells in

fetal liver and bone marrow and differentiate into mature cell types after migration to
the thymus (Young, Q,2010) . T lymphocytes may be categorized based on their
distinct function into cytotoxic T lymphocytes (expressing the surface protein cluster
of differentation (CD) 8 and responsible mainly for immune defence against
intracellular pathogens and for tumour surveillance) and helper T lymphocytes
(expressing the surface protein CD4 expressed on the professional antigen-presenting
cells (APCs) surface. Both are necessary for production of an

adequate immune response (Romangnani,s,2006). T cells have on their surface T cell
antigen receptors (TCR) responsible for recognition of an antigen/major

histocompatibility complex (HLA complex), immunological accessory molecule



B lymphocytes

B lymphocytes develop from hematopoietic stem cells. Maturation of B cells takes
place in bone marrow, whereas their activation occurs in the secondary lymphoid
organs such as lymph nodes and the spleen [Kondom,M,2010)]. B cells represent
mainly the humoral immunity. Nevertheless, their role as a cell itself is equally

relevant.

osteoarthritis (OA) is regarded as a prevalent cause of morbidity and disability
worldwide. OA shows many disease characteristics, such as cartilage degradation,
moderate synovial inflammation, pain, alteration of bony structure, and impaired
mobility. However, despite the severity of the disease, relatively little is known about
its exact etiology. Recent compelling investigations have attributed the onset of OA to
various person-level factors such as age, sex, obesity, and diet and joint-level factors
such as injury, malalignment, and abnormal joint loading. Although more and more
researchers have recently presented hypotheses concerning the involvement of these
factors in OA, especially for person-level factors, few of their hypotheses have been
demonstrated experimentally, and some have even been challenged by the latest

observational studies and clinical trials.

Of the several factors potentially involved in the pathogenesis of OA, T cell-mediated

immune responses and their influence . The scientific community once understood



OA to be induced by mechanical stress in the form of cartilage destruction, with
minimal if any involvement of immune responses. Thus, OA was regarded as a
non-inflammatory disease, in contrast with rheumatoid arthritis (RA), an
inflammatory disease. little difference has been found in the percentages of T cells, B
cells, and natural killer cells in the peripheral blood between patients with OA and RA
(.Leheita et al) reflected on the similarity of the immune cell profiles of RA and OA
and suggested that abnormalities in T cells may also contribute to the pathogenesis of
OA. Further experiments indicated that inflammation in OA is anatomically restricted
and varies in intensity. The synovial membranes in regions rimming the cartilage of
OA patients, which contain T cells bordered by B lymphocytes and plasma cells,
showed a pronounced inflammatory response. In contrast, only a few infiltrating
lymphocytes were observed in the synovial membranes taken from macroscopically
non-inflamed areas in OA patients. This may explain the suggestion made by some
researchers that immune responses are not involved in the pathogenesis of OA. When
synovial samples from patients with knee OA were analyzed, the synovial lining cells
showed strong immunoreactivity and phagocytic potential with cluster of

differentiation (CD) 68 antibodies .

To date, various immune cells have been identified in the synovial membranes of OA
patients, such as macrophages, T cells, mast cells, B cells, plasma cells, natural killer
cells, dendritic cells, and granulocytes. abundantly infiltrate the synovial tissues of

OA patients. For example, macrophages represent approximately 65% of the immune



cells that infiltrate the synovial tissues of patients with OA, and T cells make up 22%

of the infiltrate .

Osteomyelitis

infection of the bone and/or bone marrow. The pathogenesis of these diseases can

follow

acute, subacute or chronic courses and involves a range of contributory host and

pathogen factors. and a variety of antimicrobials with different spectrums

of activity against specific pathogens have been developed. Also, new operative

techniques, such as fixation and muscle flaps, and innovative delivery systems for

antibiotics have been added to our arsenal. In spite of these advances, however,

osteomyelitis remains difficult to treat, with considerable morbidity and costs.
Osteomyelitis can be classified by duration (acute or

chronic), pathogenesis (trauma, contiguous spread, hematogenous, surgical), site,

extent, or type of patient.

Although several classifications of osteomyelitis have

been described by different authors, the two most widely

used in the medical literature and in clinical practice are

the classification systems by Waldvogel et al.1 and

Cierny et al.2 Under the Waldvogel system, osteomyelitis is first described according

to duration, either acute

or chronic. Second, the disease is classified according to source of infection, as



hematogenous when it originates from a bacteremia or as contiguous focus when it
originates from an infection in a nearby tissue. A final category of the classification is
vascular insufficiency. One of the limitations of the Waldvogel classification system is
that it does not consider infection originating from direct penetration of
microorganisms.

development of osteomyelitis (Conrad, 2010). The pathogenesis of this process has
been

theoretically described. Inoculation of the metaphyseal vessels occurs at the transition
point  from the arteriolar vessels to the venous sinusoids, slowing blood flow and
increasing  vascular turbulence (Jansson et al., 2009). These sites of turbulence may
be predisposed to  bacterial infection by providing an opportunity for local invasion
Although rarely seen in developed countries, haematogenous osteomyelitis may take
on a chronic course within bone if left untreated. Sequelae of this devastating
condition may  include chronic sinuses with exposed bone, loss of structural
integrity and growth disturbances (Beckles et al., 2010).

Local trauma to bone in the setting of bacteraemia may also be a contributing factor.
rates of haematogenous osteomyelitis when

direct injury to bone was combined with intravenous bacterial seeding. (Kabak et al.,
1999;

Morrissy & Haynes, 1989). A recent series of 450 cases of acute haematogenous
osteomyelitis

found the rate of preceding blunt trauma to be 63% (Labbe et al., 2010). Further



research is needed to elucidate the role of trauma in this condition.
Actiology of osteomyelitis
The spectrum of agents associated with osteomyelitis is an ever-widening one, partly
because of accumulating evidence to suggest that microorganisms previously
considered as  specimen contaminants are capable of causing infection (Haidar et al.,
2010; Wong et al., 2010) and partly because of the increasing application of newer
diagnostic modalities, such as DNA amplification. These methodologies are more
sensitive than conventional microbiological techniques in identifying conventional,
emerging and new pathogens in  clinical material (Bang et al., 2008; Ceroni et al.,
2010; Cremniter et al., 2008). Although Staphylococcus aureus remains the
pre-eminent cause of infection, the wide and increasing range of aetiological agents
associated with osteomyelitis presents a challenge to the
clinician in terms of selection of empiric antimicrobial therapy; nevertheless particular
clinical features as well as patient-specific risk factors and underlying conditions can
be used to guide treatment.

spread from a contiguous site or following haematogenous seeding. The latter is
more likely to be associated with monomicrobial infection while the former is often
polymicrobial in  origin including obligately anaerobic bacteria Osteomyelitis in
individuals with vascular insufficiency including patients with diabetes mellitus is
also frequently polymicrobial (Powlson & Coll, 2010).
There are also aetiological associations with patient age. In neonates, for example, the

bacteria most frequently associated with acute haematogenous osteomyelitis are those



which cause neonatal sepsis, notably Lancefield group B streptococci (Streptococcus
agalactiae) and Escherichia coli as well as S. aureus (Dessi et al., 2008). In older
children, S. aureus infection predominates and in some countries, such as the US,
community-acquired

methicillin-resistant strains (CA-MRSA) are increasingly recognized (Vander Have et
al., 2009). Kingella kingae has also emerged in recent years as an important cause of
osteomyelitis in children (Dubnov-Raz et al., 2008). In contrast, Haemophilus
influenzae infections, once

common in patients aged under five years, have markedly declined as a result of
vaccination against Pittman type b strains of this bacterium (Howard et al., 1999). In

adults, as with younger patients, S. aureus is the most frequent agent of infection.
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