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Table 1 Clinical characteristics of tuberculosis group and control group

Characteristics Tuberculosis group (n=30) Control group (n=30) P value
Age, years (Mean+S.D.) 67.61£16.3 70.2£8.7 0.82
Immunocompromised 3 2

Diabetes mellitus 2 4

Receiving systemic steroids 3 1

Chronic hepatitis 1 0
Pulmonary tuberculosis 21 -

Cavitary lesion 2 —

Non-cavity lesion 8 -

Miliary 10 -

Pleural 1 -
WBC count, cells/ul 6118.31£2144.33 5446.1£1058.9 0.32
Lym count, cells/u! 1056.6£559.1 1620.4£508.3 0.0002
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Fig. 1 Immunohistochemical staining for receptor activator
of NF-«B ligand (RANKL) in spinal tuberculosis specimen
(A, X400) and control specimen (B, X400). Positive staining
on stromal cells (arrowheads) and osteoblasts (arrows) that
were adjacent to multinucleated osteoclasts (OC) on the bone
surface in spinal tuberculosis specimen (A). Fewer positive
staining on osteoblasts (arrows) and lymphocyte (LC) in
control specimen (B).
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Fig. 2 Immunohistochemical staining for receptor activator
of NF-£B (RANK) in spinal tuberculosis specimen (A, X400)
and control specimen (B, X400). Positive staining on mono-
nucleated osteoclast precursors (arrows) and osteoclasts
(arrowheads) in spinal tuberculosis specimen (A). Fewer
positive staining on osteoclasts (arrowheads) in control
specimen (B).
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Fig. 3 Immunohistochemical staining for osteoprotegerin Fig. 4 Immunohistochemical staining for osteocalcin (OCN)
(OPQG) in spinal tuberculosis specimen (A, X400) and control in spinal tuberculosis specimen (A, X400) and control
specimen (B, X400). Positive staining on osteoblasts (arrows) specimen (B, X400). Positive staining on an osteoblast
on the bone surface (A, B). precursor (arrows) and no staining on a Langhans giant cell

(LGC) (A). Positive staining on osteoblasts (arrows) and
osteocytes (arrowheads) (B).

Table 2 Comparison of positive rate of RANKL/RANK/OPG/OCN
staining between TB group and control group

TB group Control group P value
RANKL positive 28/30 (93.3%) 11/30  (36.7%) 0.000004
RANK positive 18/30 (60.0 ) 8/30 (26.7 ) 0.009
OPG positive 16/30 (53.3 ) 14/30 (46.7 ) 0.61
OCN positive 14/30 (46.7 ) 26/30 (86.7 ) 0.001

RANKL: receptor activator of NF-«B ligand, RANK: receptor activator of NF-«B,
OPG: Osteoprotegerin, OCN: Osteocalcin

Table 3 Comparison of average positive cell counts of RANKL/
RANK/OPG/OCN staining between TB group and control group

TB grou Control grou

(cellgér/mrlr)ﬁ) (ceus/mrgr;) P P value
RANKL positive 112.4+67.5 16.0+13.6 0.000003
RANK positive 91.2+48.2 11.0+8.9 0.0001
OPG positive 62.7+31.6 57.6+24.6 0.95
OCN positive 31.3+16.7 4934242 0.03

RANKL: receptor activator of NF-£B ligand, RANK: receptor activator of NF-£B,
OPG: Osteoprotegerin, OCN: Osteocalcin
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HISTOLOGICAL ANALYSIS OF BONE DESTRUCTION IN SPINAL TUBERCULOSIS

Kazutaka IZAWA

Abstract [Purpose] To investigate the mechanism of bone
destruction in spinal tuberculosis (TB) by immunohistochem-
ical analysis of the pathway that includes receptor activator
of NF-«B (RANK), receptor activator of NF-«B ligand
(RANKL), osteoprotegerin (OPG), and osteocalcin (OCN)
in affected tissues.

[Materials and methods] TB bone specimens were obtained
from 30 surgically treated spinal TB patients (13 males and 17
females; average age, 67 years). Normal bone specimens were
also obtained from 30 osteoarthritis patients (12 males and 18
females; average age, 70 years) who had undergone knee
arthroplasty, wherein a piece of the non-weight-bearing part
of the femur was obtained as a part of the resected bone for
surgery. The two groups of specimens were examined for the
expression of RANK, RANKL, OPG, and OCN by immuno-
histochemistry.

[Results] Spinal TB specimens were significantly infiltrated
by inflammatory cells, and bone resorption by multinucleated
osteoclasts was observed. RANKL was predominantly ex-
pressed in lymphocytes and osteoblasts, whereas RANK was
expressed in mononucleated osteoclast precursors among the
inflammatory cells. In contrast, there was no infiltration of
the inflammatory cells, and the expression of RANKL/RANK
was poor in the control specimens. OCN, a bone formation
marker, was expressed in the osteoblasts and in part of the
bone matrix in normal tissues; however, it was poorly ex-
pressed in the tissues of the spinal TB patients. OPG, a neu-
tralizer of the RANK—RANKL pathway, was expressed in
the osteoblasts and stromal cells, and there was no signifi-

cant difference in the expression between the two groups.

[Discussion] In the tissues from spinal TB patients, the
RANK-RANKL pathway was strongly activated, whereas
the expression of its neutralizer OPG was not sufficiently
induced. In addition, the bone formation marker OCN was
poorly expressed, indicating a paucity of reactive bone for-
mation. These findings are consistent with bone-resorption-
predominant destruction, which is commonly observed in
osteoarticular TB. Activation of the RANK—-RANKL path-
way has been considered to be caused by cytokines such
as tumor necrosis factor-a and interleukin-6, which also play
important roles in the immune response against TB. In severe
pulmonary TB, an intense and prolonged immune reaction
sometimes leads to tissue destruction and the formation of
cavity lesions. Therefore, such an immune reaction against
spinal TB may also cause activation of the RANK—RANKL
pathway, thereby leading to bone destruction.

Key words : Osteoarticular tuberculosis, Bone metabolism,
RANK/RANKL, Osteoclast
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