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Short Communication
Bone remodelling is necessary to maintain mineral homeostasis and

structural integrity of bone. It is a continuous and highly coordinated
process, which is essentially carried out by osteoblasts (bone forming
cells) and osteoclasts (bone resorbing cells) through release of
cytokines or soluble factors. Number of reports suggests that, tumor
cells, immune cells and bone cells share cytokines, chemokines and
signalling molecules. Conventional T cells (αβ T cells) are known to
enhance osteoclast generation and function through release of pro-
osteoclastogenic factors like IL17 and RANKL. Although the presence
of γδ T cells in bone microenvironment has been reported, their role in
bone biology is not well understood. Studies from our lab suggest that,
depending on the activation status and cytokine dynamics, γδ T cells
can function in a pro or anti-osteoclastogenic manner. Activated γδ T
cells secrete higher levels of IFNγ (anti-osteoclastogenic cytokine) and
inhibit the process of osteoclastogenesis, while non-activated γδ T cells
produce increased levels of IL6 (anti-osteoclastogenic cytokine) and
were found to enhance osteoclast generation and function.
Aminobisphosphonate Zoledronate has potent antiresorptive activity
and is used for the treatment of postmenopausal osteoporosis and
skeletal malignancies associated with metastatic cancer. Zoledronate is
also known be a potent activator of γδ T cells. Aminobisphosphonates
are embedded in bone due to their high affinity for calcium and get
released in the bone microenvironment by resorbing osteoclasts. These
aminobisophsopnates activate γδ T cells, which have antitumor and
antiresorptive activity. The present review highlights the new role
played by aminobisphosphonates in cancer patients through activation
of effector functions of γδ T cells and other immune cells, which
extends beyond their well-defined antiresorptive function.

Bone is a dynamic structure and is continuously remodelled. To
maintain the quality of the bone, it is necessary to replace old /
damaged bone with new bone and this process is carried out by
osteoblasts and osteoclasts. Osteoblasts are bone forming cells, which
differentiate from mesenchymal stem cells, while osteoclasts are bone
resorbing cells which are formed by fusion of monocyte-macrophage
precursor cells under the influence of macrophage colony stimulating
factor (MCSF) and receptor activator of nuclear factor kappa B ligand
(RANKL). MCSF is crucial for proliferation and survival of
macrophages and osteoclast precursor cells [1] while RANKL is
essential for differentiation of osteoclasts [2]. Osteoblasts and
osteoclasts work in a tightly regulated manner to maintain the normal
bone physiology, while imbalance results in pathological conditions
such as osteopetrosis, osteoporosis, Paget’s diseases, rheumatoid
arthritis (RA), periodontal disease [3,4]. The process of bone

remodelling is regulated by cytokines present in the bone
microenvironment.

There is enough data suggesting that immune cells influence skeletal
system through cytokines, chemokines, signalling molecules and
surface receptors [5]. Cytokines and chemokines released by
macrophages, T lymphocytes, bone marrow cells and B cells present in
the bone microenvironment mediate crosstalk between immune cells
and bone cells. There is an increasing interest in studying how T cells
are involved in bone metabolism and how they influence the
generation and resorptive activity of osteoclasts [2,6,7]. Immune cells
secrete an array of cytokines like IL6, IL17, TGFβ, TNFα and RANKL
which induce osteoclast formation and function, while cytokines like
IL4, IL10, IL12, IL13, IL18 and IFNγ inhibit the process of
osteoclastogenesis [8]. Conventional CD4+ T cells upon activation
increase expression of RANKL and are known to be pro-
osteoclastogenic [9]. IL17 producing CD4+T cells cause bone
destruction by inducing RANKL expression on synovial fibroblasts
and osteoblasts. Although αβ T cells are studied with respect to their
role in bone biology, role of γδ T cells has not been explored in detail.

γδ T cells are a unique subset of T cells, which harbor properties of
both innate and adaptive immune cells. They represent <10% of the
total T cell population, where >90% population resides in peripheral
blood and expresses Vγ9Vδ2 TCR. γδ T cells possess unique
properties with respect to antigen recognition, tissue tropism, MHC-
independent antigen recognition and antitumor response. γδ T cells
recognizes unique antigens, different from conventional αβ T cells,
which include small phosphoantigens such as isopentenyl
pyrophosphate (IPP) and (E)-4-Hydroxy-3-methyl-but-2-enyl
pyrophosphate (HMBPP), phospholipids, heat shock proteins, alkyl
amines and amino bisphosphonates [10]. IPP is an intermediate
molecule in eukaryotic mevalonate/ cholesterol pathway, while
HMBPP is an intermediate molecule in bacterial non-mevalonate/
rohmer pathway. Amino bisphosphonates (Zoledronate), a class of
potent antiresorptive drug, are used as a standard treatment modality
to treat postmenopausal osteoporosis and cancer patients with bone
metastasis [11,12]. γδ T cells are Th1 type cells but are extensively
plastic and differentiate into different subsets like Th2, Th17, T-
follicular helper and T-regulatory cells under different pathological
conditions, producing different sets of cytokines [13]. γδ T cells have
been appreciated for their role in antitumor cytotoxicity [14,15],
wound healing and tissue repair [16-18] and thus have generated much
interest in recent years. These cells produce several cytokines like IL17,
IL6, IL10, TNFα, IFNγ and RANKL depending on their activation
status. Many of these factors are known to influence bone metabolism.
Most of the γδ T cell based studies, in context of osteoimmunology,
have been done in patients of rheumatoid arthritis (RA) and multiple
myeloma [19,20]. Their presence has been demonstrated in bone
microenvironment, in synovial fluids of rheumatoid arthritis patients
and at bone fracture sites [19,21]. Various groups have also shown
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presence of chemokine receptors like CCL5 and CCR1 on γδ T cells,
which indicate their propensity to migrate to bone. It has been
reported that, Th17+ cells, and not IL17+ γδ T cells drive arthritic
bone destruction in RA patients [19]. In contrast, another report shows
that, IL17+ producing γδ T cells are increased in synovial fluids and
peripheral blood of RA patients [21]. Also, RA patients have shown

changes in γδ T cell subpopulations and their phenotypes [22,23].
Recently, IL17 producing γδ T cells were shown to
promote bone formation and facilitate bone fracture healing [24].
However, role of γδ T cells in fracture healing has remained
controversial as γδ T cell deficient mice had shown stable fracture
repair and better biochemical strength of bone [25].

Figure 1: Effect of cytokines secreted by γδ T cells in osteoclastogenesis. [a] Non-activated γδ T cells (reduced expression of CD69, CD25 and
RANKL) produce higher level of pro-osteoclastogenic cytokines like IL6, TNFα and IL17. [b] Bone metastasized tumor cells also enhance
osteoclastogenesis through production of IL6. [c] Zoledronate treatment up regulates levels of isopentenyl pyrophosphate (IPP) in tumor cells.
[d] IPP being a potent activator of γδ T cells, increases expression of CD25 and RANKL on γδ T cells, releasing cytotoxic granules (granzyme,
perforin) and IFNγ. [e] Activated γδ T cells inhibit osteoclast generation through IFNγ.

We believe that the functional differences observed with γδ T cells
may be attributed to their activation status. Studies from our lab
investigated the role of non-activated and activated γδ T cells in
osteoclastogenesis. We have shown that γδ T cells behave in both pro
or anti-osteoclastogenic manner and it is the activation status
(expression of CD69, CD25 and RANKL) and cytokine dynamics of γδ
T cells which dictates their ultimate behaviour [26]. Non-activated γδ
T cells produced higher levels of IL6 and were found to enhance
osteoclastogenesis [26]. IL6 is a potent stimulator of osteoclast
differentiation and activity [8]. IL6, TNFα and IL1β work in a
synergistic manner to stimulate osteoclast differentiation [27]. IL6
together with IL11 supports osteoclast formation and resorption [28].
Non-activated γδ T cells were also found to secrete higher levels of
TNFα, a proinflammatory cytokine, which directly and indirectly

enhances osteoclast generation and its resorptive activity [29,30]. TNF
along with RANKL increases expression of RANK on osteoclast
precursor cells [31]. TNFα and TGFβ synergistically can induce
osteoclastgenesis in the absence of TRAF6 or RANK, which explains
potential role of TNFα in bone pathologies [29]. TNF and IL1β
synergistically promote expression of osteoprotegerin ligand
(osteoprotegerin is a decoy receptor for RANKL) in osteoblasts [32],
up regulates expression of RANKL on osteoblasts and stromal cells,
stimulates differentiation of osteoclast precursor cells and increases
activity and survival of osteoclasts by preventing apoptosis [33]. TNFα
stimulates production of IL6 in osteoblasts and osteoblast-like
osteosarcoma cells [34].

We demonstrated that, activated γδ T cells inhibited osteoclast
generation and function through secretion of increased levels of IFNγ
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[26]. IFNγ inhibits generation (degradation of TRAF6 adaptor protein
in RANKL signalling) and function (down regulated expression of
cathepsin-k) in osteoclasts [35]. Stimulation of γδ T cells with
phosphoantigens (bromohydrin pyrophosphate and Zoledronate)
increased the expression of RANKL along with increase in IFNγ
secretion. Increased RANKL expression on activated γδ T cells assists
their interaction with osteoclasts; while increased IFNγ disrupts
RANK-RANKL signalling thus inhibiting osteoclast survival (Figure
1).

The present study has provided a new insight into understanding
the crosstalk of γδ T cells with osteoclasts that can be extrapolated to
patients with bone metastasis such as multiple myeloma, breast and
prostate cancer. Through a vicious cycle, metastasized tumor cells
increase osteoclast generation, activity and survival by releasing
cytokines such as IL6, PTHrP, TNFα and prostaglandin E2. These
tumor cells recruit immune cells at bone microenvironment by
releasing IL7, IL8 and parathyroid hormone related protein (PTHrP).
Memory T cells have been detected in bone microenvironment but
their proliferation and function are inhibited by increased levels of
TGFβ, released upon bone resorption by osteoclasts [36]. Blocking of
TGFβ at metastatic sites activates local antitumor immune responses
by these T cells [37]. Thus, in case of bone metastasis, metastasized
tumor cells exacerbate the situation by enhancing osteoclastogenesis
and compromising the immune system.

Anti-IL6 or anti-RANKL therapies have shown effective results in
control of bone metastasis. Zoledronate, a third generation amino
bisphosphonate, is a most potent antiresorptive drug, with antitumor
activity [38]. It has high affinity for bone minerals and thus gets
incorporated into bone and is slowly released in the bone
microenvironment by resorbing osteoclasts. Zoledronate inhibits
fernesyl pyrophosphate synthase (FPPS), a key enzyme in mevalonate
pathway/ cholesterol pathway, which causes osteoclast and tumor cell
apoptosis. Inhibition of FPPS causes accumulation of IPP, which in
turn activates γδ T cells. αβ T cells remain unaffected upon amino
bisphosphonate treatment [38,39].

In this scenario, Zoledronate treatment to breast cancer patients
provides a favorable environment for the consistent activation of the γδ
T cells in bone microenvironment. Activation of γδ T cells through
amino bisphosphonates could exert a potent inhibitory effect on
osteoclasts and tumor cells. Activated γδ T cells mediate their
cytotoxic effects through release of perforin, granzyme and cytokines
(IFNγ and TNFα). IFNγ alone has an ability to up regulate expression
of MHC I and II molecules and promote activation of CD4+, CD8+ T
cells , B cells, dendritic cells and monocyte-macrophage precursor cells
and thus increase antigen presentation by these cells [40] . Activated
CD4+ T cells secrete pro-osteoclastogenic cytokines like IL17, TNFα,
IL1β and IL6 which support and enhance osteoclastogenesis. Unlike αβ
T cells, γδ T cells are Th1 cells and predominantly produce copious
amount of IFNγ upon activation. IFNγ has multiple antitumor effects
like direct inhibition of tumor growth, inhibition of angiogenesis and
macrophage stimulation. It has also been reported that, metastatic
breast cancer cells produce factors which promote survival of
osteoclasts and block the apoptotic effects of bisphosphonates [41].
Aminobisphosphonates can activate γδ T cells that are capable of
exhibiting antitumor effects. This action of amino bisphosphonates
may counteract the inhibitory effects of tumor derived factors.

A growing body of evidence points towards the role of γδ T cells as
an anticancer immunotherapeutic treatment modality.
Bisphosphonates are known to activate γδ T cells and therefore, their

use in cancer therapy warrants further investigation. Bisphosphonates
can be used as bone targeting anticancer agent that have direct effect
on tumor cell proliferation, invasion and bone metastasis. The
interesting aspect is that cytokines (IFNγ) released by bisphosphonate
activated γδ T cells has anti-osteoclastogenic effect. Fine tuning the
activation status and cytokine dynamics of γδ T cells may pave way for
development of future immunotherapeutic modalities for patients with
primary breast, prostate cancer and multiple myeloma and bone
metastasis.
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