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ABSTRACT 

Gorham-Stout disease (GSD) or massive osteolysis, is an extremely 

rare osteolytic condition that involves extensive locally aggressive 

resorption of bone. The etiology and pathophysiology are unknown, 

and the role of the osteoclast in GSD is unclear. We studied a patient 

with GSD who had massive resorption of his mandible, which ex- 

tended to his maxilla, zygoma, right parietal region, and cranium. To 

investigate the cause of the extensive resorption, we tested the effects 

of the patient’s serum, sampled early in the course of treatment and 

later after the osteolysis was stabilized, on the formation of osteoclast- 

like multinucleated cells (MNC) in cultures of normal human marrow. 

GSD serum (lo%, vol/vol) markedly increased the number of MNC 

formed in these cultures compared to that in normal serum as well as 

stimulated the formation of resorption pits by these MNC on dentine 

slices. GSD serum, collected after further therapy, did not enhance 

the number of MNC formed in marrow cultures compared to that in 
normal serum. Elevated levels of interleukin-6 (IL-61 were detected 

in the earlier GSD serum that were 7 times the upper limit of the 

normal range, and after further treatment, IL-6 levels fell to one 

quarter the pretreatment value. The levels of IL-16, tumor necrosis 

factor-d, transforming growth factor-a, PTH, and PTH-related pep- 

tide in pretreatment GSD serum were not increased. Moreover, the 
addition of neutralizing antibodies to IL-6 to the normal human bone 

marrow cultures effectively blocked the increase in MNC formation 

induced by active GSD serum. These data suggest that bone resorp- 

tion in GSD patients is due to enhanced osteoclast activity, and that 

IL-6 may play a role in the increased bone resorption in GSD. (J Clin 

Endocrinol Metab 81: 1893-1897, 1996) 

G ORHAM-STOUT DISEASE (GSD) or massive osteoly- 
sis (l), also known as disappearing bone disease, van- 

ishing bone disease, or phantom bone (2), is characterized by 
spontaneous bone resorption frequently following minor 
trauma. It is exceedingly rare, with fewer than 100 cases 
reported in the literature since it was first described by Jack- 
son (3) in 1838. The etiology and pathophysiology are un- 
known. It can be discrete or multifocal, with the most com- 
monly affected sites being the shoulder, upper arm, pelvis, 
jaw, thorax, and spine (4, 5). Gorham and Stout (1) estab- 
lished the association between massive osteolysis and the 
presence of hemangiomatous or lymphangiomatous tissue. 
Despite extensive bone resorption, they did not find oste- 
oclasts in the areas of bone resorption. However, other in- 
vestigators have described prominent osteoclasts (6-12). 
Careful examination of the lytic front may be a crucial point 
for the location of osteoclasts. 

We recently had the opportunity to study a case of GSD 
and investigate the case from the standpoint of known me- 
diators of osteolysis, particularly interleukin-6 (IL-6). 

Case report 

The patient suffered a blow to the chin at age 9 yr and subsequently 

developed mandibular osteolysis. He was initially treated for suspected 
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osteomyelitis, but there was no response to antibiotics, and his entire 

mandible eventually resorbed. In addition, his maxilla, zygoma, right 

parietal bone, and cranium underwent extensive osteolysis (Fig. 1). The 

patient, then age 10 yr, was referred to the oral surgery clinic at Henry 

Ford Hospital. GSD was suspected, and a biopsy of the right zygoma was 

consistent with that diagnosis. Daily SC injections of calcitonin were 

administered, which resulted in a decline in the rate of bone resorption, 

as indicated by serial computerized tomography. The patient then re- 

ceived infusions of pamidronate every 3-4 months, and there was no 

further enlargement of the lytic lesions. Due to deformation of the 

softened skull base, he was placed on cervical traction with halo appa- 

ratus, and radiation therapy was administered. Peripheral serum and 

plasma were obtained for bone marrow culture studies at two time 

points in the patient’s treatment course. The first specimen was drawn 

after the calcitonin therapy and initial pamidronate treatments. The 

second specimen was obtained about 9 months later, after additional 

courses of pamidronate and the radiation therapy. A year after radiation 

therapy, a successful cervical fusion was performed. Unfortunately, the 

clinical biopsy specimens were unsuitable for immunohistology due to 

fixation in acid-formalin, and additional bone biopsy specimens could 

not be obtained for study because of concern about reactivating the 

osteolytic process. 

Materials and Methods 

Plasma concentrations of osteotropic cytokines were measured using 

enzyme-linked immunosorbent assay kits; IL-6 and tumor necrosis-e 

(TNFe) kits were purchased from Genzyme Corp. (Cambridge, MA), 

IL-16 from R&D Systems (Minneapolis, MN), and transforming growth 

factor-a (TGFa) from Oncogene Science (Uniondale, NY). The normal 

plasma reference range for IL-6 was 0.2-11.5 pg/mL, that for TNFu was 

0.5-5.5 pg/mL, and that for IL-16 was 0.1-10.3 pg/mL, as kindly pro- 

vided by R&D Systems. IL-6 monoclonal murine antihuman IL-6 was 

purchased from R&D Systems. 1,25-Dihydroxyvitamin D, [1,25- 

(OH),D,l was a generous gift from Dr. M. Uskokovic (Hoffman La- 

Roche, Nutley, NJ). FCS was purchased from Hyclone Laboratories 
(Logan, UT). olMEM was purchased from Life Technologies (Grand 

Island, NY). Plasma intact PTH (iPTH1 was measured using the Allegro 

two-site immunoradiometric assay (Nichols Institute Diagnostics, San 

Juan Capistrano, CA), with an assay sensitivity of 1.0 pg/mL. The 
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FIG. 1. Three-dimensional computer reconstruction of CT scans (mir- 

ror image) of the lower half of the GSD patient’s skull before treat- 

ment. The calvaria is not shown in this representation. The mandible 
and right maxilla are totally resorbed, and the zygoma, right parietal 

bone, and cranium have progressively resorbed. 

reference range for iPTH was lo-65 pg/mL. PTH-related peptide 

(PTHrP) levels were also measured using a two-site immunoradiometric 

assay with a calculated assay sensitivity of 0.3 pg/mL. 

Bone marrow cultures 

After obtaining informed consent, bone marrow was aspirated from 

the posterior superior iliac crest of normal volunteers. These studies 

were approved by the institutional review board of the University of 

Texas Health Science Center at San Antonio. The bone marrow was then 

processed as described previously (13). Nonadherent marrow mono- 

nuclear cells were resuspended in oMEM-20% FCS at lo6 cells/ml and 

plated (0.5 mL/well) in 24-well tissue culture plates. Cultures were 

maintained in a humidified atmosphere of 4% CO2 and air at 37 C for 

3 weeks and fed weekly by removing half the medium and replacing it 

with an equal volume of fresh medium. To test the effect of either serum 

from the patient with GSD or that from normal volunteers on the for- 

mation of multinucleated cells (MNC) in normal human bone marrow 

cultures, serum at concentrations ranging from l-10% (vol/vol) was 

added on the first day of culture and with each medium change. At the 

end of the culture period, the cells were fixed and stained for tartrate- 

resistant acid phosphatase (TRAP) using a commercially available kit 

(Sigma Chemical Co., St. Louis, MO). TRAP-positive MNC (three or 

more nuclei per cell) were quantified manually by light microscopy. To 

test the effect of the patient’s serum, at a concentration of 10% (vol/vol), 

on the formation of osteoclast-like cells in normal human bone marrow 

culture, the cells were fixed with 2% formaldehyde in PBS. The cells were 

then tested for expression of the osteoclast phenotype by determining 

their cross-reactivity with the 23~6 monoclonal antibody, which iden- 

tifies osteoclasts (14) (generously provided by Dr. Michael Horton, St. 

Bartholomew’s Hospital, London, UK). Reactivity with the 23~6 mono- 

clonal antibody was determined by using biotin-conjugated rabbit an- 

timouse IgG coupled to alkaline phosphatase (Vector Laboratories, Bur- 

lingame, CA) and then counterstaining the cells with methyl green, as 

described previously (15). Cells that contained three or more nuclei were 

counted as MNC. The 23~6 monoclonal antibody reacts with MNC that 

express calcitonin receptors and form resorption lacunae on calcified 

matrices (16). 

Dentine resorption studies 

Bone marrow cells from normals were cultured as described above 

for 3 weeks in the presence of serum from either the GSD patient or 

normal volunteers at a concentration of 10% (vol/vol). Sperm whale 
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FIG. 2. Effects of serum from an untreated patient with GSD on MNC 

formation in bone marrow cultures from normal patients. Varying 

concentrations (l-10%) of the patient’s serum were added to cultures 

of normal human bone marrow in the absence of 1,25-(OH),D, (1, 

25D). At the end of 3 weeks, the cells were fixed, and the number of 

TRAP-positive MNC was determined. Results represent the mean 2 

SEM for four replicates from a typical experiment. *, P < 0.02 compared 

to control cultures with 1,25-(OH&D, and cultures containing 5% 

GSD serum. ** P < 0.01 compared to control cultures without 1,25- 

(OH),D,. 
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FIG. 3. Effects of serum from an untreated patient with GSD or 

from normal patients on osteoclast-like MNC formation in normal 

human bone marrow cultures. Serum, at a concentration of lo%, 

was added to cultures ofnormal human bone marrow in the absence 

of 1,25-(OH&D, (1,25D). At the end of 3 weeks, the cells were fixed, 

and the number of MNC reacting with the 23~6 antibody that 

identities osteoclasts was determined. Results represent the mean 

+ SEM for four replicates from a typical experiment. Similar results 

were seen in three independent experiments. *, P < 0.01 compared 

to control cultures treated with 10% normal serum in the absence 

of 1,25-(OH),D,. 

dentine was placed over the cultures for the 3-week incubation. The 

dentine slices were removed, fixed, and stained with 1% toluidine blue 

to score the number of MNC. The cells were removed by rinsing with 

tap water, and the dentine was restained with 2% toluidine blue. The 

number of resorption lacunae and the area resorbed per dentine slice 

were determined by light microscopy (X25), using a computer-assisted 

JAVA image analysis system fJande1 Scientific, Corte Madera, CA), as 

described previously (16). 
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Results 

The effects of adding serum from the patient with GSD to 
cultures of normal marrow mononuclear cells were studied 
in the absence of any other stimuli. The number of TRAP- 
positive MNC formed at a concentration of 5% (vol/vol) of 
the patient’s initial serum sample was significantly higher 
than that in untreated control cultures, reaching a maximum 
at 10% (vol/vol), which was 1.8 times greater than that in the 
positive control cultures treated with 10e8 mol/L 1,25- 
(OH),D, (Fig. 2). Normal serum at a concentration of 10% 
(vol/vol) resulted in higher numbers of TRAP-positive MNC 
than that in untreated control cultures, but only half that 
measured in the 1,25-(OH),D,-positive control cultures. The 
number of 23~6 antibody-positive osteoclast-like MNC 
formed in the presence of 10% patient serum was signifi- 
cantly higher than that found with 10% normal serum and 
similar to that in the 1,25-(OH),D,-positive control cultures 
(Fig. 3). In addition, the osteoclast-like MNC formed in cul- 
tures in the presence of 10% GSD serum formed more re- 
sorption lacunae than did those in cultures with 10% normal 
serum (Fig. 4). The patient’s serum, collected after further 
therapy, was also tested in the normal human bone marrow 
cultures. There was no difference between the number of 
23~6 antibody-positive osteoclast-like MNC formed by the 
patient’s later serum sample and 10% normal serum (Fig. 5). 

We reported previously that the cytokines IL-6, IL-lp, 
TNFa, and TGFa enhance osteoclast-like cell formation (X3- 
20), as do the systemic hormones PTH and PTHrP (13). 
Therefore, levels of IL-l, IL-6, TNFa, TGFa, PTH, and PTHrP 
were measured in the GSD patient’s earlier and later serum 
samples. In the earlier specimen, the level of the cytokine IL-6 
was elevated to 7 times the upper limit of the normal range, 
i.e. 80 pg/mL (Fig. 61, whereas the levels of IL-lp, TNFa, 
TGFa, PTH, and PTHrP were not increased. Furthermore, 
after bisphosphonate and radiation treatments, the level of 
IL-6 in the patient’s serum fell to one quarter of the pretreat- 
ment value. Moreover, the addition of neutralizing antibod- 
ies to IL-6 to the normal human bone marrow cultures treated 
with 10% (vol/vol) serum from the GSD patient effectively 
blocked the increase in formation of osteoclast-like cells com- 
pared to that in cultures treated with active serum from the 
GSD patient (Fig. 7). 

Discussion 

Although GSD was first reported in 1838 (3), its etiology 
and pathophysiology have yet to be elucidated. Reports are 
inconsistent as to the presence or absence of osteoclasts in 
these lesions. Some investigators have noted osteoclasts in 
the areas of bone resorption as well as evidence of osteoclas- 

FIG. 4. Formation of resorption lacunae on sperm whale dentine by 
MNC formed in normal marrow cultures treated with serum from 
patient with GSD. Gorham-Stout or normal serum (lo%, vol/vol) was 
added to normal bone marrow cultures, and the cells were overlaid 
with dentine slices for 3 weeks of culture. At the end of the culture 
period, the dentine slices were processed for viewing by light micros- 
copy. A, Dentine slice treated with 10% normal serum. B, Dentine 
slice from normal marrow culture treated with Gorham-Stout serum. 
Note that more resorption lacunae formed in Gorham-Stout serum 
than in 10% normal serum. Magnification x250. 
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FIG. 5. Effects of serum from a patient with GSD after bisphospho- 

nate and radiation therapy or serum from normal patients on oste- 

oclast-like MNC formation in normal human bone marrow cultures. 

Serum, at a concentration of 10% (vol/vol), was added to cultures of 

normal human bone marrow in the absence of 1,25-(OH),Ds (1,25D). 

At the end of 3 weeks, the cells were fixed, and the number of MNC 

reacting with the 23~6 antibody that identifies osteoclasts was de- 

termined. Results represent the mean 2 SEM for four replicates from 

a typical experiment. *, P < 0.05 compared to control cultures treated 

with 1,25-(OH),Ds. 

Fold 
Normal 
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& 

Therapy 

FIG. 6. Plasma levels of the cytokines IL-6, IL-l, iPTH, TNFo, TGFa, 

and PTHrP in a patient with GSD, assayed before treatment with the 

bisphosphonate, pamidronate, plus radiation therapy. Results are 

expressed by dividing each cytokine level by its respective normal 

range. In addition, the level of IL-6 was assayed after therapy. 

tic resorption (6-12), whereas others have been unable to 
detect any bone-resorbing cells (1, 20-22). However, our 
studies demonstrated that the serum from the patient with 
GSD, at a concentration of 10% (vol/vol), stimulated the 
formation of osteoclast-like MNC in normal human bone 
marrow cultures (at this concentration, normal serum had no 
significant effect), strongly suggesting a role for osteoclasts 
in the massive resorption characteristic of this disease. The 
demonstration of numerous resorption lacunae at the mar- 
gins of the lesion is consistent with such a role. Furthermore, 
treatment of the patient with calcitonin and bisphospho- 
nates, two inhibitors of osteoclastic activity, effectively ar- 
rested bone resorption, again implying that osteoclasts are 
involved in this disease. 
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FIG. 7. Effects of neutralizing antibodies to IL-6 on MNC formation 

in normal human bone marrow cultures treated with 10% serum from 

GSD patient. The patient’s serum was either preincubated with a 

1:400 dilution of a neutralizing antibody to IL-6 at 37 C for 30 min 

before addition (lo%, vol/vol) to cultures of normal human bone mar- 

row or added directly to the cultures. Recombinant IL-6, at a con- 

centration of 80 pg/mL, i.e. the same concentration as that found in 

the serum of the GSD patient, was either preincubated with a 1:400 

dilution of a neutralizing antibody to IL-6 before adding it (lo%, 
vol/vol) to cultures of normal human bone marrow or added directly 

to the cultures. After 3 weeks, the cells were fixed and stained, and 
the number of 23~6 antibody-positive MNC was determined. Results 

represent the mean t SEM of four determinations. **, P -C 0.01, 
IL-6-treated cultures compared to cultures treated with IL-6 plus 

neutralizing antibody to IL-6. *, P < 0.05, cultures treated with serum 

from patient with GSD compared to cultures treated with serum plus 

neutralizing antibody to IL-6. 

Serum PTH and calcium levels were normal in the patient 
with GSD. Previous reports indicate that there may be a 
transient rise in plasma alkaline phosphatase with patho- 
logical fracture (23). In contrast, we found increased levels of 
the cytokine IL-6, to 7 times normal in the serum of this 
patient. These data suggest that IL-6, which has been shown 
to enhance osteoclast formation and bone resorption by hu- 
man osteoclasts (18,191, may be produced locally in amounts 
sufficient to promote osteoclast activity. The elevated levels 
of IL-6 seen in the patient possibly reflect a spillover of the 
cytokine from the sites of the lytic lesions into the circulation. 
Thus, the massive osteolysis observed in this disease would 

be similar in this respect to that seen in Paget’s disease, where 
there is also a primary focal disorder of osteoclastic activity 
(24). Furthermore, IL-6 has been implicated in Paget’s dis- 
ease, as essentially all bone marrow plasma samples (9 of 10) 
had increased IL-6 levels up to 3000 ng/mL, and 19 of 27 
peripheral blood samples had elevated IL-6 levels, with a 
range of 11-710 pg/mL (25). These levels of IL-6 are similar 
to the level found in the patient with GSD (80 pg/mL). 
However, it should be noted that although the serum levels 
were elevated in GSD and Paget’s disease, this does not result 
in generalized osteopenia throughout the skeleton. This sug- 
gests that the circulating levels of IL-6 are not sufficient to 
induce generalized osteopenia, and far higher levels of IL-6 
at the site of the lesion may be responsible for the increased 
localized osteoclastic activity in GSD. 

There are several possible sources for high local levels of 
IL-6 at the site of the lytic lesion. As mentioned previously, 
the lesions are characterized by an abnormal proliferation of 
thin-walled endothelial-lined capillaries or sinusoidal chan- 
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nels of vascular or lymphatic origin. The smooth muscle cells 
of blood vessels have been shown to produce IL-6 in response 
to either IL-l or TNFa (261, so the blood vessels could be a 
source of the IL-6 in this disease. A second alternative is that 
dilation of the already vascular marrow, rather than true 
hypervascularity, could be occurring in GSD, and this could 
be the source of IL-6. A third alternative is the osteoclast, 
which produces IL-6 (19) and may be increased in number 
and activity in this disease, is the source of the increased IL-6 
levels. Finally, there are other cells in the bone marrow mi- 
croenvironment, including monocytes, fibroblasts, and lym- 
phocytes, that are a potential source of IL-6 (27-30). 

In summary, IL-6 appears to play a role in the increased 
bone resorption in GSD, as found in other bone diseases 
associated with increased bone destruction, including mul- 
tiple myeloma (31), osteoporosis (32), and Paget’s disease 
(25). These data s;ggest that therapeutic modalities that af- 
fect IL-6 production and/or activity may be of benefit to 
these patients. 
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