Serum Levels of HMGB1 in Postmenopausal Patients with
Rheumatoid Arthritis: Associations with Proinflammatory
Cytokines, Acute-phase Reactants, and Clinical Disease
Characteristics

To the Editor:

High mobility group box 1 (HMGBI1) chromosomal protein, an endoge-
nous molecule with multiple intra- and extracellular effects, is also defined
as a novel proinflammatory cytokine, proved to contribute to the patho-
genesis of several rheumatic diseases'. Evidence grows showing that
HMGBI plays a role as an important endogenous mediator of arthritis.
Significantly elevated levels of HMGBI1 are reported in the sera and syn-
ovial fluid of patients with rheumatoid arthritis (RA) as compared to
patients with osteoarthritis?. Levels of HMGB1 are increased in the syn-
ovial tissues of animals and humans with joint inflammation®. HMGB1
mediates the development of arthritis when applied into the joints of naive
mice? and treatment strategies directed against HMGBI1 attenuate progres-
sion in collagen-induced arthritis'. In RA, characterized by chronic
autoimmune destructive joint inflammation, extensive production of proin-
flammatory cytokines is known to mediate tissue damage.

HMGBI, either released actively from myeloid and dendritic cells or
passively during local cell death in the joint, could sustain chronic synovi-
tis by several mechanisms including an augmentation of production of
several proinflammatory mediators such as interleukin 1 (IL-1), tumor
necrosis factor-o. (TNF-0), and IL-6, all known to be important in the
pathogenesis of arthritis.

In a cross-sectional study, we investigated the relationship between
concentrations of HMGB1 and proinflammatory cytokines and disease
characteristics in a cohort® of 81 postmenopausal patients with RA. The
characteristics of patients are summarized in Table 1. Laboratory and clin-
ical values were recorded and radiographs of the hands, wrists, and forefeet
were evaluated according to the Larsen method®.

Table 1. Demographic and disease-related characteristics of post-
menopausal women with rheumatoid arthritis (n = 81). Values are medians
(25th-75th percentiles). The number of patients/total number (%) is shown.
Spearman rank correlation coefficient and p value are indicated for corre-
lations between HMGB1 and disease-related measures.

Characteristics Median Value Correlation p

Coefficient (rho)

Serum HMGB1, pg/ml 887 (0-1592)

Age, yrs 58 (53-63)
Disease duration, yrs 14 (6.8-22.2) 0.32 0.006
DMARD 66/81 (81%)

Glucocorticoids at present
Positive rheumatoid factor
Erosive disease

17/81 (21%)
68/81 (84%)
71/79 (90%)

Larsen score 1.18 (0.54-2.12) 0.22 0.06
Disease Activity Score 28 joints 5.3 (4.7-5.9) 0.20 0.09
Swollen joint count 9 (6-13) 0.24 0.04
Tender joint count 10 (5-15) 0.22 0.07
C-reactive protein, mg/1 9 (6-19) 0.26 0.02
Orosomucoid, g/l 1.1 (09-14) 0.32 0.004

Health Assessment Questionnaire

score 1.0 (0.38-1.53) 023 0.04
IL-6, pg/ml 8.4 (2.1-35.0) 0.28 0.01
Soluble IL-6 receptor, pg/ml 749 (608-926) 0.26 0.02
IL-18, pg/ml 0.1 (0.1-0.3) -0.03 0.81
IL-1 receptor antagonist, pg/ml 406 (288-527) 0.21 0.06
TNF-o, pg/ml 34 (25-4.9) —0.11 0.26

DMARD: disease-modifying antirheumatic drug; IL-6: interleukin 6;
TNF-o:: tumor necrosis factor-o..

The ELISA method was used to measure serum levels of TNF-o,
IL-16, IL-6, IL-1RA, sIL-6R (R&D Systems), and HMGB1 (Shino-Test
Corp., Kanagawa, Japan). Amounts of HMGB1 were also determined in
parallel with Western blots in 20 patients’. For statistical analysis nonpara-
metric tests were employed due to unequal data distribution. Data are pre-
sented as medians (25th-75th percentiles).

The median HMGB1 concentration was 887 (range 0-1592) pg/ml,
with 30% of patients displaying undetectable levels. HMGB1 concentra-
tions were significantly positively correlated with disease duration (Figure
1A). No significant differences were observed between patients taking (n =
66; median 962, range 0—1571) or not taking (n = 15; median 365, range
0-1562) disease-modifying antirheumatic drugs. Women treated with oral
corticosteroids (n = 17; median 1015, range 324-1984) had HMGBI1 levels
comparable to patients not receiving corticosteroids (n = 64; median 869,
range 0—1523).

HMGBI levels correlated significantly with levels of IL-6 and sIL-6R,
but no associations were found with TNF-a or IL-16 (Table 1). Only 48%
of the patients had detectable serum levels of IL-13. HMGBI1 was signifi-
cantly associated with swollen joint count and acute-phase reactants,
C-reactive protein, and orosomucoid. Patients with erosive disease had a
tendency to have higher HMGBI1 concentrations (median 961, range
11-1726 pg/ml; p = 0.09) than patients without erosions (median 0, range
0-1078). HMGB1 levels were significantly associated with Health
Assessment Questionnaire (HAQ) score. HMGBI levels by Western blot
were generally higher (median 4680, range 0-35,375 pg/ml) than those
detected by ELISA (median 1877, range 204-3772 pg/ml; Figure 1B).

We observed a modest correlation between HMGBI levels obtained by
ELISA and those from Western blots, in accord with results described by
Urbonaviciute, et al’. Considering the potential human serum factors
including HMGB 1-specific antibodies masking HMGB1’, it is plausible
that the total circulating HMGBI1 levels detected by Western blotting are
higher than those detectable by ELISA. Possibly, HMGB1 ELISA detects
predominantly free, biologically active HMGB 1, which might be responsi-
ble for induction of the inflammatory response.

Although TNF-o. and IL-18, pivotal cytokines in the pathogenesis of
arthritis, have the ability to induce the release of HMGBI1 from myeloid
and dendritic cells, we found no correlation between systemic HMGB1 and
TNF-o/IL-18 levels in our study population. Recent research suggests that
HMGBI signaling and activity might be independent of TNF during joint
inflammation3?. Systemic IL-18 levels are low and were detectable in only
48% of patients in our RA cohort, which might explain the absence of sig-
nificant associations between HMGB1 and IL-15 levels.

The presence of chronic synovitis in RA generates the basis for release
of HMGB1 and could thereby perpetuate local as well as systemic inflam-
mation by enhancing the expression of proinflammatory cytokines'~.
Studies show that HMGBI1 is also a bone-active cytokine released from
osteoclasts, osteoblasts, and dying osteocytes'. It can induce the release
from bone marrow stromal cells of IL-6, one of the most important
cytokines in osteoclastogenesis, and therefore contribute to inflammatory
bone loss'?. We observed a significant correlation between HMGB1 levels
and IL-6 as well as sIL-6R in our RA cohort. Patients with erosive disease
had a tendency to higher levels of HMGBI1, suggesting that HMGB1 might
be important in bone degradation. We previously demonstrated in a mouse
model that HMGBI induces long-lasting inflammation and cartilage ero-
sions and pannus formation in the singularly exposed joint*. In addition,
HMGBI levels were positively associated with disease duration, but not
with the age of patients, further supporting its involvement in chronic
inflammation.

Levels of HMGBI1 were significantly associated with acute-phase
markers and also with swollen joint count and HAQ score, underlining its
role as an inflammatory mediator. These associations between variables
were considered biologically relevant and clinically meaningful and point-
ed in the same direction despite, statistically, a relatively small study pop-
ulation; the statistical analysis was not corrected for multiple comparisons
and the results should thus be interpreted with care.
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Figure 1. Serum levels of HMGB1 detected by ELISA in postmenopausal patients with RA are significantly
associated with disease duration (A; regression line and correlation coefficient are shown) and display only a
modest correlation with HMGB1 concentrations on Western blot (B). Data from one experiment illustrating
HMGBI levels detected with ELISA versus Western blot are shown (B).

Our results suggest that serum HMGBI levels in postmenopausal
women with RA could serve as a useful marker of inflammatory activity in
these patients. Based on our own and others’ results, we hypothesize that
HMGB1 might play a role in inflammation-related bone loss and thus con-
stitute a potential therapeutic target. However, since reliable quantification
of HMGB1 remains an unresolved issue, all results obtained by ELISA in
human serum samples should be interpreted with care. Future prospective
studies are needed to determine whether HMGBI1 is a potential marker of
disease activity and severity and/or a predictor of outcome in RA patients
in general.
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