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Abstract

Activated immune cells release cytokines which modulate the
activity of bone cells in vitro. Expression of major histocom-
patibility complex (HLA in humans) class II determinants on
bone surface cells may be important in local immune cell acti-
vation. In this study, expression of HLA-DR and DQby cul-
tured human bone cells (HBC) derived from normal trabecular
bone surfaces was assessed by fluorescence-activated cell
sorter (FACS) analysis and immunoperoxidase techniques
using monoclonal antibodies. A subset of HBC(10-30%) ex-
pressed DRconstitutively while 5-15% displayed DQduring
long-term culture. HBC lacked a number of monocyte and
lymphocyte markers. In addition, both DR' and DR- HBC
(FACS separated) produced osteocalcin stimulated by 1,25-di-
hydroxyvitamin D2 (1,25(OH)2D3). This suggests that both
phenotypes belong to the osteoblast lineage. The number of
DR' HBCwas increased by interferon-gamma (IFNy; 40-95%
DR' cells) whereas DQ+ HBCremained unchanged or was
slightly increased (5-20% DQ+cells). Moreover, 1,25(OH)2D3
enhanced IFN-y-induced DR expression and at high concen-
tration (10'- M) augmented DR expression by itself. Other
major osteotropic factors, parathyroid hormone, interleukin 1,
and calcitonin, did not affect HBCDRexpression. The find-
ings suggest that HBCmay participate in activation of the
immune system and that some osteotropic factors may regulate
this function. (J. Clin. Invest. 1990. 85:1421-1426.) osteo-
blasts * HLA class II - interferon-y 1,25-dihydroxyvita-
min D3

Introduction
Immune cells including macrophages and lymphocytes pres-
ent at the bone remodeling site may regulate bone resorption
(reviewed by Vaes [ 1]). For example, interleukin 1 (IL- 1) is the
major osteoclast-activating cytokine produced by normal acti-
vated peripheral blood leukocytes (2). Tumor necrosis factor-
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1. Abbreviations used in this paper: EMEM, Eagle's modified MEM;
HBC, human bone cell(s); NK, natural killer (cell); TBS, Tris-buffered
saline; TNF, tumor necrosis factor.

alpha (TNFa)' produced by macrophages and the T lympho-
cyte-cytokine tumor necrosis factor-beta (TNFJ3) also have
bone-resorbing activity in vitro (3). These cytokines may stim-
ulate osteoclast precursors (4). In addition, osteoblasts are
stimulated by IL- 1, TNFa, and TNF/3 to release factors or
mediate direct cell-cell membrane interactions activating os-
teoclastic bone resorption in vitro (5, 6). By contrast, inter-
feron-gamma (IFNy), released by activated T lymphocytes,
inhibits immune cytokine (IL- 1, TNFa, and TNFJ)-stimu-
lated bone resorption in vitro (7). These findings suggest that
activated immune cells could be involved in bone resorption
by release of cytokines regulating the osteoclast lineage directly
and/or through osteoblasts.

Factors that might direct immune cell activation at the
remodeling site are unknown. An immune response, however,
involves T lymphocyte recognition of antigen displayed on the
surface of antigen-presenting cells (APC) in the context of a
HLA class II molecule (for a review see Royer and Reinherz
[8]). As a consequence of this HLA class I-dependent T cell
activation, a number of proteins are synthesized, including
osteotropic cytokines (9). Thus, presence of HLA class Il-posi-
tive cells at the bone remodeling site may be essential for im-
mune cell activation and local release of osteoclast-regulating
cytokines.

Weexamined the expression of HLA class II determinants
(DR and DQ) on human osteoblast-like bone cells (HBC) de-
rived from normal trabecular bone surfaces in vitro. More-
over, regulation of HBCHLA class II expression by osteotro-
pic factors were studied, including 1,25(OH)2D3, parathyroid
hormone (PTH), calcitonin, purified human IL- 1, and recom-
binant human IFNy (rIFNy, a known inducer of class II major
histocompatibility complex molecules in a variety of immune
and nonimmune cells [10]). Wedemonstrate that (a) a subset
of HBCexpresses DRand DQconstitutively and (b) HBCDR
expression is enhanced by rIFNy and 1,25(OH)2D3.

Methods
Patients. Bone specimens (surgical discards) were obtained from 20
patients 32-81 yr old (median age 66 yr; 14 female and 6 male) under-
going corrective surgery after fractures or femoral amputation because
of vascular insufficiency (representative details of 10 patients in Table
I). None of the patients showed signs of bone or joint disease or im-
mune disorders.

Bone preparation and cell culture. Humantrabecular bone sections
were isolated and dissected into 0.3-0.5-cm fragments as described
(11). The fragments were washed vigorously in phosphate-buffered
saline (PBS, pH 7.4) to remove marrow, seeded onto 9-cm plastic
culture dishes (Falcon Labware, Oxford, UK) and cultured in Eagle's
modified minimum essential medium (EMEM) containing 10 mM
Hepes buffer, 10% fetal calf serum (FCS; heat-inactivated), 2 mM
L-glutamine, 50 Ag/ml ascorbate, 50 U/ml penicillin, and 150 4g/ml
streptomycin. All cell culture products were from Gibco Laboratories
(Paisley, Scotland) and chemicals from Sigma Chemical Co. (Poole,
Dorset, UK) unless otherwise stated. Cultures were kept at 37°C in a
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Table I. Percentages of HLA-DR- and HLA-DQ-positive HBCfrom 10 Representative Donors

DR' cells

HLA-DR 12 DAKO-HLA-DR DQ+cells Leu-l0

Donor Length of culture FACS IP FACS IP FACS IP FACS IP

wk %

1 5 26 23 23 23 ND ND 9 8
2 11 14 15 12 13 ND ND 5 5
3 7 10 ND 13 ND ND ND 7 ND
4 21* 24 24 22 21 26 25 15 13
5 14 30 28 25 29 30 29 9 9
6 25* 12 12 14 ND ND ND 5 6
7 6 18 19 20 20 16 ND 9 9
8 6 16 ND ND ND ND ND 8 9
9 13 13 12 18 14 19 18 10 8

10 9 14 14 11 13 16 ND 13 ND

Details of Patients

Donor Male (M)/female (F) Age Diagnosis Origin of explants

yr

1 M 32 Fracture (amputation) Femoral condyles
2 F 78 Fracture Femoral head
3 F 69 Fracture Femoral head
4 M 59 Ischemia (amputation) Distal tibia
5 F 71 Fracture Femoral head
6 M 70 Ischemia (amputation) Femoral condyles
7 F 64 Fracture Femoral head
8 F 81 Fracture Femoral head
9 F 62 Fracture Femoral head

10 F 70 Fracture Femoral head

First-passage HBC. * HBCcultures 4 and 6 reexamined at monthly intervals (2-6 mo) showed a stable percentage of DR- and DQ-positive cells
(data not shown). IP, immunoperoxidase staining; ND, not determined.

humidified atmosphere of 95%air, 5%CO2and after an initial replace-
ment at 24 h, medium was changed once weekly. Cell outgrowth was
seen within 7 d and confluent monolayers obtained after 3-6 wk. At
confluence, cells were detached by brief exposure (< 5 min at 370C) to
trypsin/EDTA (0.5 and 0.2 g/liter, respectively), replated into 9-cm
culture dishes, 3.5-cm multiwell trays, or eight chamber tissue culture
glass slides (Lab-Tek Division, Miles Laboratories, Slough, UK) at 5
X 103 cells/cm2, and cultured in complete EMEM. Viability (eosin
exclusion) exceeded 95%. Experiments were commenced 24 h after
first passage. All cultures contained cells which expressed an osteo-
blast-like phenotype in terms of 1,25(OH)2D3-stimulated osteocalcin
production. After exposure to 10' M1,25(OH)2D3 for 48 h, 2 95%of
the cells stained positively for osteocalcin using a specific antibody
(DAKOPATTS, Glostrup, Denmark) and immunoperoxidase tech-
niques.

Reagents. A panel of murine anti-human monoclonal antibodies
(MAbs) was used: four MAbs reacting with HLA class II epitopes-
HLA-DR and 12 directed at monomorphic DR antigens, Leu-10
reacting with polymorphic DQepitopes, and DAKO-HLA-DR de-
tecting polymorphic DRand DQ(except DQw10); Leu-M3 detecting
cells of the monocyte/macrophage lineage; Leu-l (pan-T lymphocyte
reagent, CD5 [CD, cluster of differentiation antigen]); Leu-14 (B lym-
phocytes, CD22); and Leu-l 1 (natural killer [NK] cells, CD16). The
MAbswere used in concentrations titrated to be saturating on HBCor
positive controls (peripheral blood mononuclear cells). Antibodies
were purchased from Becton, Dickinson Ltd., Laboratory Impex,

Middlesex, UK, except DAKO-HLA-DR (DAKOPATTS) and 12
(Coulter Immunology, Hialeah, FL).

Phagocytic activity was determined by addition of latex beads
(1.09 1-Mm diameter, Sigma Chemical Co.) to HBC(2 X 106 cells in 0.2
ml of EMEM)at a cell/particle ratio of 1: 100, sedimentation at 50 g for
5 min (20°C), and incubation at 37°C for I h. Cells were then washed
three times to remove free latex and examined by phase-contrast mi-
croscopy.

Nonspecific esterase staining with alpha-naphthyl butyrate as sub-
strate (12) was performed by means of a Sigma Chemical Co. kit.

In some experiments, cycloheximide (20 Ag/ml, Sigma Chemical
Co.) was added to HBCcultures to examine the effect of inhibition of
protein synthesis on the inducible expression of HLA-DR.

Since reagents might contain low levels of endotoxin, polymyxin B
(5 ,ug/ml, Sigma Chemical Co.) was added in some experiments to
evaluate the effect of endotoxin inhibition (13).

Effect of osteotropic factors on HBCHLA class II expression.
Human rIFN'y (Amgen Co., Thousand Oaks, CA 91320; kindly pro-
vided by Dr. R. C. Rees, Department of Virology, University of Shef-
field Medical School), human purified IL- I (Lot N101; a generous gift
of Dr. C. A. Dinarello, New England Medical Center, Boston, MA),
1,25(OH)2D3 (kindly supplied by Dr. M. R. Uskovics, Hoffman La-
Roche Co., Nutley, NJ), purified bovine PTH 1-84 fragment (from the
National Institutes for Biological Standards and Control, South
Mimms, UK), and salmon calcitonin (obtained from Armour Phar-
maceutical Co., East Sussex, UK) were added to cultures (duplicate
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3.5-cm multiwells or chamber slides) for 48 h. During experiments
medium was changed daily. After culture, 3.5-cm wells were tryp-

sinized, washed three times (EMEM, 40C), kept in suspension by
gentle stirring in EMEMwith 1% bovine serum albumin (BSA) for
4-6 h (at 370C in a 95% air, 5%CO2incubator), and then aliquotted
at 5 X 105 cells per sample for fluorescence-activated cell sorter
(FACS) analysis. Chamber slides were examined also by immuno-
peroxidase staining.

FACSanalysis. All reagents were diluted in EMEMwith 0.1% BSA
and 0.02% sodium azide. For indirect immunofluorescence, saturating
concentrations of the desired MAbwere added to HBC(5 X 105 cells
incubated at 4VC for 30 min). Controls were stained with an isotype-
specific MAb of irrelevant specificity. After washing twice in PBS,
fluorescein isothiocyanate (FITC)-conjugated goat anti-mouse IgG
(Tago Inc., Tissue Culture Service, Slough, Berkshire, UK) was added
as a second layer (30 min, 4C). The cells were then washed three times
in PBS and kept on ice in a PBS/0. 1% BSA solution. Immediately
before analysis, samples were agitated and gently passed through a

27-gauge needle to avoid settling and aggregation. A FACS420 (Bec-
ton, Dickinson Ltd.) was used for analysis of fluorescent cells (14)
based on a reading of 10,000 viable cells per sample gated on the basis
of propidium iodide exclusion (viability > 95%). Percent positive cells
was calculated by integration of area under the curve upon subtraction
of the respective control background. The mean fluorescence intensity
was measured by the median channel. In all experiments, a constant
setting of the FACS (gain, amplifier, and photomultiplier voltage) was

maintained. Membrane marker-positive cells were evaluated in paral-
lel with fluorescence microscopy and immunoperoxidase staining.

Immunoperoxidase staining. After washing in PBS, HBCduplicate
chamber slide cultures were fixed for 30 s in a phosphate-buffered
acetone/formaldehyde fixative. Slides were rinsed in 0.2 MTris-buff-
ered saline (TBS), pH 7.6, and air-dried. To inactivate any endogenous
peroxidase activity slides were treated with 3%H202 in TBS for 5 min
at room temperature and rinsed well with buffer. Nonimmune rabbit
serum (10%, Wellcome, Kent, UK) in PBSwas added, and slides were

incubated for 20 min at room temperature. The rabbit serum was

tapped off and then, without rinsing, 20 Al of MAb, titrated to establish
a low concentration still effective for staining, was added in a

TBS/0. 1% BSAsolution, and slides were incubated for 30 min at room

temperature followed by a wash in TBS. Peroxidase-conjugated rabbit
anti-mouse IgG (DAKOPATTS; 20 Al diluted 1:50 in TBS/0. 1%BSA)
was added, slides were incubated for 30 min at room temperature, and
rinsed with TBS. Finally, 20 ,ul of a 3'3 diamino-benzidine (Sigma
Chemical Co., grade II) solution (6 mg in 10 ml of 0.2 MTris buffer,
pH 7.6, containing 0.1% hydrogen peroxide) was added, and slides
were incubated for 10 min at room temperature, rinsed, hematoxylin-
counterstained, and mounted with coverslips. In all experiments,
> 400 cells were counted for each duplicate sample.

Cell sorting. HBC were sorted on the basis of HLA-DR epitope
density. Samples of 2 X 10' cells were detached from 9-cm plates (1-2
X 106 cells per plate) and prepared for indirect immunofluorescence
using the MAb HLA-DR. Using the FACS 420 under sterile condi-
tions, cells were separated into a cell fraction with high-density DR
epitope expression (cutoff point was chosen at fluorescence intensity
channel 60, gating channel 61-254; > 95% DR'), and a cell fraction
with low-density DR expression (gating channel 1-60; < 5% DR').
After sorting, the recovered cell populations were washed twice, plated
into 3.5-cm multiwell trays at 5 X 103 cells/cm2, and cultured in
complete EMEM. The purity of the sorted cells was determined by
reanalysing aliquots of the sorted subsets on the FACS 420 immedi-
ately after sorting. After a 48-h recovery period the cells were assayed
for 1,25(OH)2D3-stimulated osteocalcin production.

Assay of osteocalcin. Osteocalcin was measured by radioimmuno-
assay as described previously (1 1). The antibody used was raised in
rabbits to purified osteocalcin isolated from calf bone.

Statistical analysis. Significant differences were compared by Stu-
dent's t test. Data are expressed as the average of replicates
(mean±SEM).

Results

HBCexpress HLA-DR and DQconstitutively in long-term
culture. Examined at first passage, HBChad the appearance of
homogeneous elongated, generally bipolar, adherent fibro-
blast-like cells. When HBCwere studied by using anti-HLA-
DRand -DQ MAbs, many cells showed a stable expression of
these HLA class II determinants even after several months of
culture. Table I shows the percentage of HBCpositive for the
various anti-HLA class II reagents in 10 representative cul-
tures. No difference was found between results using mono-

morphic and polymorphic anti-DR MAbs. The mean values
for all cultures (n = 20) were 15.2% DR' (MAb HLA-DR)
HBC (range 10-30%) and 8.5% DQ+ (MAb Leu-10) HBC
(range 5-15%). The possibility that the trypsin/EDTA treat-
ment necessary for preparation of single cell suspensions for
FACSanalysis might change HLA class II expression was ex-

cluded (Table I shows no significant differences between cells
stained on chamber slides without enzymatic treatment [im-
munoperoxidase] and the stained single cell suspension
[FACS]). In all cultures, DR' HBCexceeded DQ' HBCin
terms of cells numbers and staining intensity as documented
by FACSanalysis (Fig. 1 illustrates results from two represen-
tative cultures). To evaluate the effect of endotoxin that might
contaminate reagents, polymyxin B was added into two cul-
tures with and without bacterial LPS (0.5 ig/ml, Sigma Chem-
ical Co.) for a 48-h incubation period. No change of HLA-DR
and -DQ expression was found (data not shown).

HBClack a panel of immune cell markers. Since hemopoi-
etic marrow cells, such as monocyte/macrophages and lym-
phocytes, might be present in the HBCcultures possibly af-
fecting HLA class II expression, some immune cell markers
were examined (Table II). None of the cells showed phagocytic
activity as determined by latex ingestion. A faint staining for
nonspecific esterase in all HBC(previously described in a simi-
lar cell system [15]) contrasted with the bright membrane
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Figure 1. FACSanalysis illustrating the distribution of HLA-DR-

and HLA-DQ-positive HBCfrom two donors. (Black area) Back-

ground staining with MAbof irrelevant specificity; (curve) DR- and

DQ-positive cells. HLA-DR, MAbHLA-DR; Leu-I0, MAbLeu-I0.
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Table II. HBCExaminedfor Immune Cell Markers

Marker Positive cells n

a-Naphthyl butyrate esterase 100 (weak staining) 9
Latex ingestion 0 8
MAbLeu-M3 0 15

T lymphocytes
MAbLeu-l (CD5) 0 15

B lymphocytes
MAbLeu-14 (CD22) 0 15

NKcells
MAbLeu-ll (CD16) 0 15

First-passage HBC. n, number of cultures analyzed; MAbstaining as-
sessed by FACSanalysis, immunofluorescence microscopy, and im-
munoperoxidase microscopy; CD, cluster of differentiation.

staining of peripheral blood monocytes. In addition, mem-
brane markers of monocyte/macrophages, T and B lympho-
cytes, and NKcells determined by using MAbswere negative.

Sorted DR' and DR- HBCboth produce osteocalcin. In
order to investigate the possible presence of an osteoblast
marker, osteocalcin (16), on the DR' and DR- subsets, HBC
were separated into two fractions on the basis of HLA-DR
antigen density by FACS. The HLA-DR+ fraction was defined
as strongly positive fluorescence intensity (channel 61-254;
MAbHLA-DR, > 95% DR'). A typical FACS histogram of
pre- and postsort HLA-DR expression is shown in Fig. 2. Al-
though 0-9% DR' cells were present immediately after sort in
the low-density DR fraction, these cells diminished after re-
plating (after 48 h of culture 0-2% DR' cells remained in the
DR- fraction). Neither conditioned medium from the presort
HBCor postsort DR' fraction added to the DR- fraction nor
conditioned medium from the presort HBCor postsort DR-

z

U

fraction added to the DR' fraction altered DRexpression in
cultures (examined after 1 wk of postsort culture; data not
shown). Both DR' and DR- cultures showed viability > 95%
(eosin exclusion) after 1 wk of postsort culture. Whereas re-
maining DR' cells in the low-density postsort populations rap-
idly disappeared within 48 h as detected by immunoperoxi-
dase staining, the percentage of DR' cells, having remained
stable for at least 1 wk, gradually diminished in the high-den-
sity postsort culture after 2-4 wk (a range of 5-40% reduction
in numbers of DR' cells). In addition, the high-density popu-
lations showed signs of increasing cell death after 4-6 wk in
culture. By contrast, the low-density population remained
stable in long-term culture without reappearance of DR' cells
when reexamined after 2-4 wk. Nevertheless, reappearance of
DR-expressing HBCin these populations at a later stage has
not been determined.

A total of four experiments on osteocalcin production by
different pre- and postsort HBCpopulations were undertaken.
Fig. 3 illustrates one representative experiment. Osteocalcin
was produced by 1,25(OH)2D3-stimulated unseparated HBC
as previously reported (1 1). Both DR' and DR- sorted HBC
produced osteocalcin in a dose-dependent manner when stim-
ulated by 1,25(OH)2D3 48 h and similarly 1 wk after cell sepa-
ration. In the DR' populations HLA-DRand osteocalcin were
coexpressed since they were both present in 2 95% of the cells
(data not shown).

rIFN-y and 1,25(OH)2D3 stimulate HBCHLA class II ex-
pression, whereas IL-], PTH, and calcitonin have no effect
alone or with rIFN-y. To test the influence of osteotropic hor-
monal factors on HBCHLA-DR and DQexpression six ex-
periments on different HBCcultures were undertaken. In
Table III results of 48-h HBCstimulation by (a) rIFNy and (b)
1,25(OH)2D3, PTH, IL-1, and calcitonin with and without
rIFN-y from two representative experiments are presented. DR
expression was assessed in all cases; DQexpression was deter-
mined after rIFNy stimulation only. The enhancement of DR
expression by rIFNy (10 U/ml; DR' HBCrange 40-90%, DQ+
HBC range 5-20%) and 1,25(OH)2D3 (10-7 M; DR' HBC
range 24-50%) was blocked by cycloheximide (Table III) sug-
gesting that new protein synthesis was necessary for this alter-

LOG FLUORESC
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Figure 2. Separation of HBCinto high- and low-density HLA-DR-
positive cells. A, presort fluorescent histogram of HLA-DR using the
MAbHLA-DR (23% of cells are positive); B, postsort reanalysis of
low-density DRfraction. Although initially DR' cells were left in
fraction B (range of 0-9% in all cultures determined) these cells were
undetectable within 48-72 h. C, postsort reanalysis of high-density
DR-positive cells (99% DR').

Figure 3. Changes in osteocalcin production (ordinate; ng/ml) into
the medium by first-passage unseparated HBC(-), FACS-separated
HLA-DR+ (99% DR+) HBC(A), and FACS-separated HLA-DR- (0%
DR+) HBC(a) in response to 48 h of treatment with 1,25(OH)2D3
(abscissa; M). The stippled area represents the mean±SEMof con-
trol. n = 6; control, cultures without addition of 1,25(OH)2D3.
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Table III. Effects of Osteotropic Factors
on HBCHLA-DR aid HLA-DQExpression

DR+HBC DQ+HBC

Addition Exp. 1 Exp. 2 Exp. 1 Exp. 2

Medium alone 16±4 26±2 7±1 11±3
rIFNy (U/ml)

0.1
1 49±5* 67±8* 6±1 17±5

10 77±11* 69±9* 6±2 20±1*
1,000 72±8* 81±15* 9±5 20±6
10 + cycloheximide 80±11* ND 6±0 ND

20 jg/ml 19±5 29±6 5±0 13±4

DR+HBC

With rIFN-y
Without rIFN-y (10 U/ml)

Addition Exp. I Exp. 2 Exp. I Exp. 2

1,25(OH)2D3 (M)
10-10
10-9 14±4 28±3 73±5 79±9
10-8 19±4 33±8 90±3t 88±1$
lo-7 26±7 ND 95±4* ND
l0-7 + cycloheximide 45±4* 49±2t 93±6t 90±3*

(20 jig/ml) 17±3 24±1 21±5 29±2
PTH (M)

10-9 17±2 ND 75±7 ND
10-8 16±5 29±5 70±7 66±5
l0-7 16±4 23±2 77±2 72±9

Il-I (U/ml)
5 19±7 22±5 69±3 65±13

50 16±2 27±5 77±11 69±3
Calcitonin (M)

10-9 20±4 26±2 74±2 70±4
10-8 17±2 22±5 76±2 69±1

FACSanalysis of first-passage HBCafter incubation for 48 h with
appropriate osteotropic factor(s). Results expressed as mean of tripli-
cate ± SEM.
* Significantly different from control (medium alone), P < 0.05.
* Significantly different from control (rIFN-y alone), P < 0.05.
ND, not determined.

ation. In all experiments, 1,25(OH)2D3 (10-9 to 10-7 M) en-
hanced the rIFNy-stimulated DRmean fluorescence intensity
(data not shown). Whenadded to postsort high- and low-den-
sity DRHBCpopulations, IFN-y enhanced DRexpression in
both systems, indicating a stimulatory action on both DR' as
well as DR- HBC(data not shown).

Discussion

The demonstration of a constitutive, stable expression of HLA
class II determinants by cells derived from normal trabecular
bone surfaces and kept in long-term culture suggests the possi-

bility of an in situ phenomenon. However, soluble factors in
the culture medium that might alter HBCHLA-DR expres-
sion were not found in conditioned media from either unsepa-
rated HBCor DR' and DR- separated fractions. Although
expression of class II antigens by 29-46% of isolated normal
rabbit chondrocytes has been reported (17), normal human
connective tissue cells do not express HLA class II antigens
constitutively, including human fibroblasts (18) and human
chondrocytes (19). This raised the question whether HLAclass
II-positive marrow hemopoietic cells might be present in our
human bone cell cultures. However, this appears unlikely
since morphologically HBCwere homogeneous and fibro-
blast-like, and HBC lacked monocyte/macrophage-, pan-T
and B lymphocyte, and NK cell markers. In addition, sepa-
rated DR' and DR- HBCboth produced the bone protein,
osteocalcin, when stimulated by 1,25(OH)2D3. So far, osteo-
calcin has been reported to be produced by osteoblasts only
(16), suggesting an osteoblast-like phenotype of DR' as well as
DR- HBC. Nevertheless, the presence in our cultures of den-
dritic cells which express high levels of both HLA-DRand -DQ
(20) has not been excluded.

The separated high- and low-density DR-expressing popu-
lations did not revert back to the original distribution after 4
wk of postsort culture. Onthe contrary, the DR' subset rapidly
disappeared from the low-density fraction and after 2 wks were
reduced in the high-density fraction. Possibly, the DR' subset
may be more fragile than their DR- counterpart and thus
damaged selectively during the FACS procedures. Alterna-
tively, the DR' phenotype may depend upon factors expressed
within the unseparated population only.

The observation that IFNy stimulates HBCHLA-DR ex-
pression is in accordance with data on other connective tissue
cells including human dermal fibroblasts (18), human synovial
fibroblasts (21), and human chondrocytes (19). Although
IFNy induces HLA-DQ in certain cells including monocytes
(22), this cytokine has been reported to induce only low levels
or no HLA-DQdeterminants on connective tissue cells such as
synovial fibroblasts (23), chondrocytes (19), and, as in this
study, HBC.

In contrast with two other major bone resorbing factors,
PTH (10-9 to 10-7 M) and IL-l (5-50 U/ml), 1,25(OH)2D3
(10-9 to 10-7 M) enhanced IFN'y-stimulated HBCHLA-DR
expression and at high supraphysiological levels (lO-' M) stim-
ulated DRexpression by itself. Similar findings have been
reported regarding the Ia-negative murine myelomonocytic
cell line WEHI-3 (24). In this study 1,25(OH)2D3 (1010 to I0-8
M) was found to enhance IFNy-induced Ia expression. By
contrast, using a HLA class II-positive melanoma cell line,
Carrington et al. (25) found a dose-dependent inhibition of
DRamRNAby 1,25(OH)2D3 (10-12 to 10-8 M). In other class
II-positive cell lines, however, class II molecules were not al-
tered by 1,25(OH)2D3 (26). Factors affecting class II expression
in opposite directions, released during 1,25(OH)2D3 stimula-
tion, might explain the differences between the cell lines. Thus,
1,25(OH)2D3 has been reported to stimulate production of
IFN'y by T lymphocytes in vitro (26). To test the possibilities
that 1,25(OH)2D3 (a) stimulates factors, such as IFNy, which
induce class II expression in the HBCcultures and/or (b) en-
hances the responsiveness of HBCto IFNy by altering HBC
proliferation, further studies are needed. Calcitonin, which in-
hibits the bone-resorbing activity of osteoclasts (27) and also
may affect osteoblasts (28), did not alter HBCDRexpression

HLA Class II Expression by HumanBone Cells 1425



(I 0-9 to 10-8 M) suggesting that a change in HBCDRlevels is
not involved in calcitonin-mediated osteoclast inhibition.

Wesuggest that HLA class II-positive bone surface cells of
the osteoblast lineage may play a role in local T lymphocyte
activation including release of osteoclast-activating T lympho-
cyte-derived cytokines. Thus, studies are in progress on the
abilities of HBC to stimulate in mixed lymphocyte reaction
(MLR) and to present antigen (29). Since the presence of IL- 1
may be important for these activities the recent finding of
constitutive IL-I production by HBC(30) is of interest. En-
hancement of HBCHLA class II expression by IFNy and
1,25(OH)2D3 could be involved in the osteotropic activity of
these factors.
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