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Abstract Tracheopathia osteochondroplastica (TO) @artilaginous and bony submucosal nodules covered by
an unusual condition characterized by cartilaginous iatact mucosa. While this disease may often go unrecog-
bony submucosal nodules in the tracheobronchial tre&ed because of its asymptomtic nature, it occasionally
Bone morphogenetic protein-2 (BMP-2) and transforrproduces narrowing of the airways with a variety of
ing growth factor beta-1 (TGB1) are potent inducerssymptoms, such as dry cough, dyspnoea, hoarseness, and
for new bone formation. We studied the precise localiza&current respiratory tract infections [11, 13].
tion of BMP-2 and TGH31 in two autopsied cases of The aetiology and pathogenesis of TO remain un-
TO, using immunohistochemical methods. Positikeown. The basic causes of TO have been postulated to
BMP-2 immunoreactivity was detected in numerouse chronic infections, a congenital basis, chemical or
mesenchymal cells and chondroblasts lining the noduteschanical irritation, metabolic disturbances, degenera-
in the tracheal submucosa. BMP-2 was not found in ntase processes, ecchondrosis and exostosis, or metaplasia
ture lamellar bony nodules. TGF: was not seen in of elastic tissue [10, 12, 20].
mesenchymal cells, though it did appear in chondro- Bone morphogenetic protein-2 (BMP-2) is a member
cytes and osteocytes in the nodules. These results safighe transforming growth factor beta (T@Fgene su-
gest that BMP-2 plays an important role in nodule foperfamily that has been implicated in catilage and bone
mation and acts synergistically with TGH-to promote formation [22]. The BMP proteins induce ectopic bone
the nodules inductive cascade in the tracheal subrfarmation in vivo [4—6, 21]. The expression of BMP-2
cosa. used with the monoclonal antibody in normal, osteosar-
coma [19], and pleomorphic adenomas of the salivary
Key words Tracheopathia osteochodroplastica - Bone gland [7] have been reported. We therefore investigated
morphogenetic protein-2 - Transforming growth factor the precise localization of BMP-2 and T@E-in TO by
beta-1 - Immunohistochemisiry immunohistochemistry.

Introduction Materials and methods

Tracheopathia osteochondroplastica (TO) is an unustiHfoPSy specimens were fixed in buffered formalin and

condition of the tracheobronchial tree, characterized BjiPedded in paraffin. Sections were routinely stained
th haematoxylin and eosin. Immunohistochemical
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Fig. 1 Nodules with lamellar boneafrow) in the submucosa anday; T
osseocartilaginous tissues of nodulesrqw head subjacent to Clinical findings
the tracheal cartilage. Moderate inflammatory cells in the subntl:lése 1

cosa. Elastica-van Gieson, »25

Fig. 2 Immunostaining for BMP-2 shows strong cytoplasmié 57-year-old woman presented with dyspnoea, cough, hoarse-
staining of mesenchymal cellsrfowhead around the nodules. ness, and dysphasia of 3 days’ duration. She had a long history of
ABC method, x207 recurrent hoarseness and chronic sinusitis. She was admitted to the
ivision of Internal Medicine, Kahoku Hospital, in October 1993.
. € : hysical examination revealed a temperature of 38 °C, dehydra-
cartilage and chondroblastarfowheaq lining the new cartilage {51 “cyanosis, and a respiratory rate of 35 breaths/min. Ausculta-
tissue. ABC method, x2(:0 tion exhibited coarse, low-pitched wheezes with a prolonged expi-
Fig. 4 BMP-2 immunoreactivity is seen in the nodularrgw) ratory phase. Radiography of the chest disclosed severe lobar
subjacent to tracheal cartilage. ABC method, %50 pneumonia of both lungs and mild cardiomegaly. Indirect laryn-
Fig. 5 TGF-1 immunoreactivity is seen in chondrocytes and 0g_oscopy revealed slight inflammatory changes in the vocal cords
tegi: tes &rrowhead. ABC meth)c/) d. %202 Yy nd trachea, with sputum retention in the hypopharynx. The labo-
y : ' s ratory data at admission included: haemoglobin 12.3 g/dl, white
Fig. 6 Granulocytes-monocytes lineage cebsr¢whead in col- blood cell count 25,830/m#nasparate aminotransferase 167 U/l
lagenous tissues around a nodule. ABC method, <200 alanine aminotransferase 118 IU/I, and lactate dehydrogenase 522

Fig. 3 BMP-2 immunoreactivity shows an immature matrix oB
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IU/I. Arterial blood gas analysis with the patient breathing rooto the tracheal cartilage (Fig. 4). No BMP-2 was detected
air revealedP,0, of 45 mmHg,P.CO, of 48 mmHg, and pH of iy the mature calcified matrix of nodules. Little BMP-2

7.42. She became increasingly dyspnoeic despite optimal ther, P . . .
with antibiotics and prednisone. The patient died of pneumoniﬁ@ls‘ distributed in normal adjacent cartilage.

days after admission. No other relevant changes were seen. TGF1 was detected in chondrocytes and osteocytes
in the nodules and normal adjacent cartilage (Fig. 5). Lit-
tle TGF{31 was found in the calcified matrix and osse-
ous cels of the lamellar bone. T@HE-could not be seen

A 75-year-old man with a perianal abscess was admitted to tReMesenchymal cells. TGB: was also expressed in
hospital in October 1992. His past history included a myelodygronchial epithelial cells, especially in the basal layer.
plastic syndrome (MDS: FAB, RAEB) of 2 years’ duration. The The pattern of immunohistochemical localization of
patient had no history of pulmonary disease. Physical examinatigm oo protein resembled the distribution of TRE-S-

revealed normal findings in the chest. The laboratory data demgn. . . .
strated the following: haemoglobin 8.8 g/dl, white blood cell coug{bo protein was found in the chondrocyte nuclei and cy-

3,150/mn3 (myeloblasts: 3%), thrombocytopenia (28,000#nm toplasm. N
The patient underwent drainage of his perianal abscess. On thdNumerous CD15-positive (granulocytes-monocytes)
following day, he developed haematemesis, melaena, and seyg{g CD68-positive (monocytes) cells were detected in

pain in the right hypochodrium. The patient had recurrent mela ; }
and died 2 weeks after the drainage. Autopsy findings, in additeiigﬁ‘Iag]enous tissues around newly formed nodules, hae

to TO, were advanced gastric cancer at the lower corpus on fatopoietic bone marrow, and intra- or perivascular tis-
lesser curvature with no distant metastasis, latent prostatic cangges in the submucosa (Fig. 6). There was a paucity of

hypoplastic marrow, acute cholecystitis with localized bile peritQED45RO-positive cells (T cells) in the submucosa.
nitis, chronic bronchitis, and pulmonary emphysema.

Case 2

Discussion
Pathological findings in the trachea
We have used immunohistochemical methods to detect
Histological features the precise localization of BMP-2 and T@E-in the tra-
chea with TO. The data show that BMP-2 is localized in
At autopsy the trachea had identical appearances in ha#senchymal cells, osteoblastic cells, chondroblastic
cases. Multiple sessile nodules projected into the lumeslis around the new nodules in the submucosa, and the
The nodules were distributed from the level of the firabdules subjacent to the tracheal cartilage. P&Rvas
tracheal ring to the proximal main bronchi. They wefgot detected in mesenchymal cells, but did appear in ma-
covered by normal mucosa. The nodular areas of the ttde chondrocytes and osteocytes in the nodules. These
chea were examined histologically in their entirety amdsults suggest that both BMP-2 and T@Fplay an im-
serially sectioned. The nodules demonstrated nevgyrtant part in the histopathogenesis of TO.
formed bone or cartilage both beneath the mucosal surTwo main pathogenetic theories of TO have been pro-
face and deep in the lamina propria mucosae (Fig.@dsed. Virchow regarded the lesion as a kind of ecchon-
They consisted of hyaline cartilage with areas of lamel@osis or exostosis arising from the tracheal cartilage.
bone or bony nodules with haematopoietic bone marr®vpporters of this theory maintain that the osseocartilag-
Two different developmental processes were found in #heus nodules have a connection to the perichodrium of
submucosa: one had connections of bone, cartilager@ tracheal cartilage from which they arise [10, 12]. The
collagenous tissue continuous with the perichodrium @fher theory was proposed by Dalgaard [2], who stated
the tracheal cartilage; the second did not directly conngeit the nodules arose as a result of a metaplastic process
to the perichondrium. Bony nodules of a lamellar type the submucosa and lamina propria; mesenchymal cells
displayed fatty and haematopoietic bone marrow. Thethe submucosa lost their immature character and de-
surface epithelium overlying the osseocartilaginous nogloped into chodrocytes through metaplasia, forming
ules revealed predominantly squamous metaplasia. Hiegv nodules. In our two cases, serial sections of nodules
submucosa was attenuated over the nodules. Modergtgaled both ecchondrial processes from the tracheal
mononuclear cell infiltrate was present in the submucosaartilage and metaplastic processes in the submucosa.
BMP-2 is known to be a member of the TBE-gene
superfamily as well as a factor in ectopic bone and carti-
Immunohistochemical findings lage formation by the induction of differentiation of mes-
enchymal cells to osteoprogenitor cells [5, 6, 15, 21]. In
Extensive BMP-2 was distributed in humerous meseho, extensive BMP-2 was found in mesenchymal cells
chymal cells around the oseocartilagenous nodules in gineund newly formed nodules in the submucosa, whereas
submucosa (Fig. 2). BMP-2 was located in new cartiladi¢tle BMP-2 was found in the mature lamellar bones.
the immature matrix of cartilage, and chondroblasts lifthis suggests that during the metaplastic process in the
ing the new cartilage tissue (Fig. 3). Little BMP-2 wasubmucosa, mesenchymal cells may produce and deliver
found in hypertrophic chondrocytes, or osteocytic ceBMP-2, which can then induce differentiation into osteo-
of the mature lamellar bone. Significant BMP-2 immuwblasts and chondroblasts, and finally into newly formed
noreactivity was also recognized in the nodules subjaceatules. BMP-2 was also localized in the nodules of the
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immature chondromatrix and lining cells subjacent to thlee chondrocytes that were in the process of ecchondro-

tracheal cartilage. This implies that BMP-2 may particéis. S-100 protein in the chondrocytes may participate in

pate in the process of ecchondrosis from the tracheal @acalcium signalling mechanism.

tilage. In these two cases of TO, we investigated the precise
The observation that numerous CD15- and CD6®calization of BMP-2 and TGB1. Both BMP-2 and

positive granulocytes-monocytes infiltrate at the peripiGF31 may have important and distinct roles in the

ery of nodules in the submucosa is consistent withhistopathogenesis of TO.
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