The Journal of Immunology

[ A e X
150 50 . 1500
: 40 :
£
E 100 1000
G 30
=
e 20
E s0 500
10
0 {
Hopaths Glucose Shobeial Nusle  White Adinons B1own Ad poxe
Procuxhon Glucose Uptaks  Glucose Uptake Glucose Uptabe

FIGURE 2. In vivo glucose metabolism in endotoxemic MIF~/~ and
MIF*/* mice. Seven to eight mice per group were pretreated with LPS, and
organ-specific glucose metabolism was measured using labeled glucose in
awake mice as described in the Materials and Methods. *, p < 0.03.

(16). The excess stain was removed and the cells were washed several
times with water before microscopic examination and color quantification
by NIH Image Analysis software.

Statistical analysis

Data are presented as mean * SD. The statistical comparisons between
groups were conducted using Student’s 7 test. Values for p < 0.05 were
considered significant.

Results
MIF™"" mice have an altered glycemic and plasma laciate
response to endotoxin

Gram-negative endotoxin (LPS) is a powerful stimulus for the re-
lease of TNF-a and other proinflammatory cytokines, and LPS
induces an acute hypoglycemic response when administered to ex-
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FIGURE 3. TNF-a has stimulatory action in glucose uptake into adi-
pocytes. A, MIF neutralization reverses TNF-a-mediated reduction in adi-
pocyte glucose transport. Cultured WT adipocytes were treated with
TNF-a (20 ng/ml) together with an anti-MIF mAb or isotype control (each
at 80 pug/mi). Basal and insulin-stimulated (100 nM, 5 min) uptake of
2-deoxyglucose (2-DOG) were performed as described in Materials and
Methods. B, Primary mouse adipocytes were prepared from MIF™/~ and
MIF*/* mice and incubated overnight with or without TNF-a (20 ng/ml)
for glucose transport studies. Data are means = SD (n = 4 cultures). Data
shown are representative of three independent experiments. *, p < 0.05 vs
control; **, p < 0.005.
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FIGURE 4. TNF-a action on the signal transduction events of the
insulin receptor. A, Anti-MIF reduces TNF-a inhibition of the phos-
phorylation of IRS-1. 3T3-L1 adipocytes were stimulated with 20 ng/ml
TNF-a for 6 h together with anti-MIF mAb or an isotypic control
(1gG1) (each at 80 pg/ml) followed by stimulation with insulin (100
nM, 5 min). Cells were lysed, and Western blot analysis was performed
with an anti-phosphotyrosine Ab (a-PY). The blots were stripped and
reprobed with an insulin receptor-specific Ab (a-IRS-1). B, Anti-MIF
mAb reduces the TNF-a-mediated decrease in the association of IRS-1
and PI3K subunit, p85. Cultured 3T3-L1 adipocytes were treated with
20 ng/ml TNF-a for 6 h together with anti-MIF mAb or an isotype
control (each at 80 pug/ml), followed by stimulation with 100 nM insulin
for 5 min. Whole cell lysates were immunoprecipitated with an anti-p85
Ab followed by Western blot analysis with an anti-phosphotyrosine Ab
(a-PY). The blots were stripped and reprobed with an anti-IRS-1 Ab
(a-IRS-1).

perimental animals or human subjects (17). Prior studies using a
neutralizing Ab approach demonstrated that anti-MIF inhibits the
characteristic development of hypoglycemia in LPS-injected mice
(5). We sought to verify these findings by administering a sublethal
dose of LPS (16.6 ug/g) to MIF~/~ mice and WT controls (MIF*/*),
and sampling their blood for measuring plasma glucose and
lactate levels. MIF~'~ mice showed a preservation of their gly-
cemic and plasma lactate responses when compared with the WT
mice (Fig. 14). These differences were transient but most evident
for lactate at 1.5 h and glucose at 2.5 h, which reflects the time
necessary for systemic production of proinflammatory cytokines
such as TNF-a and MIF (18). Plasma glucose levels were mark-
edly lower (at 2.5 and 3 h), and plasma lactate levels were corre-
spondingly higher (at 1.5 and 2 h) in the MIF*’* mice than in the
MIF~'~ mice. Although MIF has been shown to influence B-cell
function (19), we observed no significant changes in plasma insu-
lin levels, either at baseline (data not shown) or after LPS (2.5 h:
MIF**,79 + 12 pM, MIF ™", 69 + 11 pM, p = NS; n = 5 mice
per group). We also measured serum corticosterone, which may
mediate increased glycemia as part of a systemic stress response.
Notably, MIF~~ mice showed a decrease in circulating cortico-
sterone levels when compared with MIF*/* mice, suggesting that
glucocorticoids did not account for the increase in blood sugar
during MIF deficiency (2.5 h: MIF*/*, 0.42 + 0.07 uM, MIF /",
0.16 = 0.04 uM, p < 0.05). There also were no differences in
MIF*"* vs MIF™'~ mice in circulating adiponectin, TNF-¢, or
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FIGURE 5. MIF-induced action on insulin signal
transduction in adipocytes. A, MIF inhibits the insulin-
induced tyrosine phosphorylation of IRS-1. Adipocytes
were treated with increasing concentrations of recom- IP: IRS-1
binant MIF followed by insulin (100 nM) for 5 min. 1B: p85
Immunoprecipitates were prepared from whole cell ly-
sates using an anti-IRS-1 Ab followed by blotting anal-
ysis with anti-phosphotyrosine Ab (a-PY) (see Materi- .
als and Methods). The membrane was stripped and then :; :';g’:

reprobed with an anti-p85 Ab (a-p85) or an anti-IRS-1
Ab (a-IRS-1). 8, MIF inhibits insulin-mediated phos-
phorylation of Akt. Cultured adipocytes were pretreated B
with MIF followed by insulin (100 nM) for 10 min.
Total cell lysates were separated by SDS-PAGE and
blotted with Abs against Ser*”> phospho-Akt (a-phos-
pho-Akt) and total Akt (aAkt). C, MIF decreases insu-
lin-mediated 2-deoxyglucose (2-DOG) uptake in cul-
tured adipocytes. Basal and insulin-stimulated uptake of
2-deoxyglucose into adipocytes was analyzed as de-
scribed in Materials and Methods. Results ‘were ob-
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IL-6 levels, either at baseline (data not shown) or 2.5 h after LPS
(adiponectin: MIF*'*,3.9 + 0.3 ng/ml, MIF ', 3.5 + 0.3 ng/ml,
p = NS; TNF-a: MIF*'*, 57.0 £+ 13.3 ng/ml, MIF~/~, 69.6 =
15.3 ng/ml, p = NS; and IL-6: MIF*/*, 310 = 100 ng/ml,
MIF™/~, 340 * 80 ng/ml, p = NS). These genetically based re-
sults support an important role for MIF in the dysregulation of
carbohydrate metabolism that occurs during endotoxemia.
Certain aspects of the metabolic effects of LPS can be reca-
pitulated by the administration of TNF-a (4). To provide evi-
dence for an effector role for MIF in the action of TNF-a, we
next examined circulating glucose levels in MIF™/~ and WT
mice treated with a single, i.p. dose of TNF-a (160 ug/kg).
"I'NF-a caused a marked reduction of blood glucose level in the
WT mice, which is in agreement with prior reports (5, 17), and
this effect occurred at least 1 h earlier than in mice administered
LPS, which is in accord with the time delay necessary for
TNF-a transcription, translation, and secretion. By contrast,
MIF~/~ mice treated with TNF-a were euglycemic in the acute
phase (=2 h), but then showed a reduction in blood glucose
levels after 2 h (Fig. 1B). These data are in agreement with a
prior report that anti-MIF may prevent TNF-a-induced hypo-

glycemia (5). The acute phase changes also are consistent with
experiments supporting an MIF release response by cells and
tissues exposed to TNF-a (5), and the reduction in blood glu-
cose after 2 h may reflect a TNF-a-mediated induction of ad-
ditional, downstream mediators (1).

Glucose uptake into adipose tissue is increased in endotoxemic,
MIF™" mice

To better assess the impact of MIF deficiency on glucose metab-
olism during endotoxemia, we measured organ-specific glucose
uptake in awake mice at 2.5 h following sublethal treatment with
LPS. Hepatic glucose production and glucose uptake into skeletal
muscle (gastrocnemius) and adipose tissues were determined using
continuous infusion of 3-[*H]glucose and a bolus injection of
2-[**C]DG as a nonmetabolizable glucose analog. As shown in
Fig. 2, MIF deficiency was associated with a significant and se-
lective increase in glucose uptake into white adipose tissue. In
contrast, glucose uptake in skeletal muscle and brown adipose tis-
sue, and hepatic glucose production were not significantly affected
under these experimental conditions.
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The inhibitory action of INF-a on insulin-mediated glucose
transport is reversed by MIF immunoneutralization or
genetic deficiency

The preceding observations, together with the report that TNF-a-
treated adipocytes secrete MIF (9), prompted us to examine the
role of MIF in mediating the effect of TNF-a on adipocyte glucose
metabolism. We verified that TNF-a (2 ng/ml) induced MIF se-
cretion from cultured adipocytes, and we observed a diminution in
MIF release at very high TNF-a concentrations (=20 ng/ml),
which is in agreement with prior observations in TNF-a-treated
monocytes/macrophages (6 and data not shown).

TNF-a inhibits the stimulatory action of insulin on glucose up-
take into adipocytes (20). We treated adipocytes with TNF-a and
measured insulin-stimulated uptake of 2-deoxyglucose in the pres-
ence of anti-MIF mAb or an isotypic, IgG1 control. The insulin-
stimulated uptake of 2-deoxyglucose was significantly greater
upon MIF immunoneutralization (Fig. 3A). The inhibitory action
of MIF upon 2-deoxyglucose uptake was verified in studies per-
formed in primary adipocytes isolated from MIF~/~ mice. As
shown in Fig. 3B, adipocytes genetically deficient in MIF showed
a significant increase in 2-deoxyglucose uptake despite treatment
with TNF-a. These data support a model whereby TNF-« inhibits
insulin signal transduction via the autocrine/paracrine secretion of
MIF. Such a mechanism of TNF-a action also is consistent with
studies in differentiated myotubes, where TNF-a was found to in-
duce MIF release, leading to a downstream, autocrine/paracrine
response (5).

Immunoneutralization of MIF reverses TNF-a-mediated insulin
resistance in cultured adipocytes

A well-characterized action of TNF-a with respect to glucose
transport is inhibition of insulin signal transduction leading to in-
sulin resistance (21). We followed a standard protocol for inducing
insulin resistance in vitro and treated adipocytes with TNF-a to-
gether with a neutralizing anti-MIF mAb or isotype control, fol-
lowed by stimulation with insulin for 5 min. As expected, insulin
induced the rapid tyrosine phosphorylation of the insulin receptor
and the IRS-1, and these events were inhibited by TNF-a pretreat-
ment (Fig. 44). The addition of anti-MIF mAb, but not control Ab,
significantly reduced the action of TNF-a on the tyrosine phos-
phorylation of the insulin receptor and IRS-1.

The enzyme PI3K is a downstream mediator of insulin signal
transduction, and it plays an important role in the insulin-depen-
dent translocation of GLUT4 (22). PI3K is comprised of a 110-
kDa catalytic subunit and an 85-kDa regulatory subunit with Src
homology 2 domains that bind to the tyrosine-phosphorylated iso-
form of IRS-1. The functional significance of the TNF-a-depen-
dent reduction in IRS-1 tyrosine phosphorylation can be monitored
by coimmunoprecipitation of the IRS-1 complex containing the
p85 regulatory subunit of PI3K (23). We examined the effect of
MIF neutralization on the TNF-a-mediated decrease in the asso-
ciation of IRS-1 and PI3K (p85). As shown in Fig. 4B, the insulin-
induced association of IRS-1 with PI3K (p85 subunit) was reduced
by TNF-a treatment, and anti-MIF inhibited this specific action of
TNF-a on adipocytes. These data, taken together, are consistent
with a role for MIF in mediating the action of TNF-a on the prox-
imal signal transduction events induced by insulin receptor
ligation.

Recombinanit MIF inhibits insulin signal transduction
in adipocytes

To provide a more direct assessment of MIF action on adipocytes,
we treated cells with different concentrations of MIF before stim-
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FIGURE 6. MIF deficiency enhances adipocyte differentiation. A,
MEFs were prepared from MIF*'* or MIF~/~ mice, and differentiation
into adipocytes induced as shown. Differentiation was assessed visually by
staining with Oil red O at a magnification of X100. B, Quantification of
color intensity by NIH Image Analyzer software is shown. Data are rep-
resentative of four experiments each performed with independently derived
fibroblast cell lines. *, p < 0.001.

ulation by insulin. As shown in Fig. 5A, exogenously added MIF
decreased the tyrosine phosphorylation of IRS-1 as well as the
insulin-induced association of IRS-1 with the p85 regulatory sub-
unit of PI3K. This effect occurred in a dose-dependent fashion, and
at concentrations of MIF that are within the range for those re-
ported in patients with sepsis or severe inflammation (7, 8). The
serine-threonine kinase Akt is a downstream target of PI3K (24)
that is recruited to the membrane by PI3K-generated phospholip-
ids. Akt undergoes phosphorylation and activation, and provides
signals for the synthesis of new glucose transporters and enhanced
glucose uptake. We examined the effect of exogenously added
MIF on insulin-mediated, Ser*”® phosphorylation of Akt in adipo-
cytes. Cells were treated with MIF followed by insulin (100 nM)
for 10 min. As shown in Fig. 58, MIF inhibited the insulin-induced
phosphorylation of Akt.

Next, we investigated the action of MIF on basal and insulin-
mediated glucose uptake. The addition of MIF to adipocytes did
not cause an appreciable change in basal 2-deoxyglucose uptake
(Fig. 5C). A decrease in insulin-stimulated glucose uptake was
observed in this cultured ceH system at 200 ng/ml MIF. These data
differ from those reported in differentiated myotubes, where MIF
was found to augment basal glucose uptake and not to influence
insulin-mediated glucose uptake (5). This difference in response
likely reflects the selective use of insulin-sensitive vs insensitive
glucose transporters in these two differentiated cell types (25).

Genetic deficiency in MIF increases adipogenesis

We next examined the influence of MIF in adipogenesis, which is
known to be inhibited by TNF-a (26). We prepared embryonic
fibroblasts from MIF*/* and MIF~/~ mice and subjected them to
defined adipocyte differentiation protocols (27). We found that al-
though MIF™/~ cells responded similarly to MIF*'* cells when
exposed to a standard differentiation medivm (insulin, isobutyl-
methylxanthine, and dexamethasone) or to the peroxisome prolif-
erator-activated receptor (PPAR)y agonist, troglitazone, the
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FIGURE 7. Impact of MIF deficiency on signaling pathways associated
with adipogenesis. A, The expression of PPARy proteins after induction of
adipogenesis. Cells were grown in standard differentiation medium in the
presence of troglitazone and harvested at day 9. The Western blot analysis
of lysates from cultures of four different MEF cell lines (lanes 1-4) is
shown. B, The expression of the p107 and p130 transcriptional regulatory
proteins during adipocyte differentiation. MIF*/* and MIF~/~ MEFs were
grown in standard differentiation medium in the presence of troglitazone
and harvested at the indicated days for Western blot analysis with anti-
p107 (a-p107) or anti-p130 (a-p130) Ab. C, The expression of cyclin D1
protein during adipocyte differentiation. MIF*/* and MIF~/~ MEFs were
grown in standard differentiation medium in the presence of troglitazone
and analyzed by Western blotting with anti-cyclin D1 Ab. D, The expres-
sion of C/EBPa, C/EBP, and (/EBPS proteins during adipogenesis. Cells
were grown as described, harvested on the indicated days, and Western blot
analyzed with the C/EBP-specific Abs shown. The blot for C/EBPa shows
both the p42 and the p30 isoforms.

MIF™'" cells were significantly more sensitive to the combination
of standard differentiation medium plus troglitazone (Fig. 6). Adi-
pocyte differentiation is known to be linked to the transcriptional
_activation of the PPARy, which is a target for the differentiation
agent, troglitazone. We observed higher expression of the PPARy1
and PPARY2 isoforms during differentiation of the MIF ™'~ cells
vs the MIF*/* cells (Fig. 7A). Fibroblasts exposed to adipogenic
factors enter a stage of postconfluent, cell division that is associ-
ated with a switch in the expression of the p130:p107 transcrip-
tional regulatory proteins (28). We analyzed the expression of
p130:p107 during adipocyte differentiation and found a similar
pattern of expression in both the MIF™~ and MIF*/* cells (Fig.
7B). The expression of cyclin D1 and the subsequent activation of
cyclin-dependerit kinases has been shown to inhibit adipocyte dif-
ferentiation (38). We analyzed cyclin D1 levels by western blotting
and observed the expected down-regulation of this protein after the
addition of differentiation medium to MIF*/* cells. By contrast,
the expression of cyclin D1 was significantly reduced at baseline in
MIF~/" cells, which appears consonant with the increased sensi-
tivity of these cells to adipocyte differentiation (Fig. 7C).
Finally, we examined the expression of C/EBPa, C/EBP, and
C/EBPS, which are transcriptionally activated during adipogenesis.
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FIGURE 8. The effect of MIF or TNF-a on the insulin-mediated phos-
phorylation of Akt in MIF™/~ adipocytes. A, Cultured adipocytes were
pretreated with MIF for 6 h followed by insulin (100 nM) for 10 min. Total
cell lysates were separated by SDS-PAGE and blotted with Abs against
Ser*™ phospho-Akt and total Akt. 8, Cultured adipocytes were pretreated
with TNF-a, or TNF-a plus MIF, for 6 h followed by insulin (100 nM) for
10 min. Total cell lysates were separated by SDS-PAGE and blotted with
Abs against Ser*”® phospho-Akt and total Akt.

C/EBPB and C/EBPS are induced early and activate the expres-
sion of PPARY, and C/EBP« is induced later in time (29). MIF
deficiency was associated with an up-regulation of C/EBPa,
C/EBPg, and C/EBPS during the six-day period of adipocyte dif-
ferentiation (Fig. 7D). MIF-deficient cells thus show an increased
ability to differentiate into adipocytes in response to PPARy Ii-
gands, and this effect may result from a constitutive reduction in
baseline cyclin D1 levels and an enhancement in cellular C/EBPa,
C/EBPg, and C/EBP$S content.

The effect of MIF or TNF-a on insulin-mediated
phosphorylation of Akt in MIF~ adipocytes

To further evaluate the functional phenotype of MIF~/~ adipo-
cytes, we examined the effect of MIF or TNF-a on insulin-medi-
ated signal transduction in these cells. MIF~/~ adipocytes were
exposed to MIF or TNF-a and the insulin induced phosphorylation
of Akt was analyzed by western blotting. As shown in Fig. 8, MIF
inhibits the insulin-mediated phosphorylation of Akt, whereas
TNF-a showed no significant effect. We also examined the pres-
ence of TNFRs during the differentiation of both MIF~/~ and
MIF** adipocytes, because a reduction in the TNFR could offer
an explanation for the TNF insensitivity of MIF~/~ cells. The
expression of TNFR-1 protein was induced in equivalent levels in
MIF~'~ and MIF*/* cells, and no differences were noted in the
expression of the TNFR-2 isoform (Fig. 9 and data not shown).
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FIGURE 9. The expression of TNFR (TNF-R1) during adipocyte dif-
ferentiation of MIF*'* and MIF~/~ MEFs. Total cell lysates were sepa-
rated by SDS-PAGE and blotted with Abs against TNFR-1 Ab. The blot
was stripped and reprobed with anti- 8-actin Ab.
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Discussion

Investigations of the metabolic dysregulation that accompanies se-
vere infection or tissue invasion led in the 1980s to the definition
of the mediator “cachectin”, which was later determined to be
structurally identical with TNF-a (30). Among the metabolic
changes noted in these studies were insulin resistance and alter-
ations in glucose and lipid homeostasis that affected the rate of
substrate production and use by tissues. There has been an accu-
mulation of data supporting the importance of TNF-a in insulin
resistance, both in acute disease and in conditions such as diabetes
and obesity (3, 20, 21, 31). The importance of metabolic ho-
meostasis to clinical outcome also has been highlighted by obser-
vations of decreased mortality in critically ill patients treated with
insulin therapy (32).

MIF is an established mediator of sepsis lethality (7), and it is
secreted by activated immune cells (6), by the anterior pituitary
(10), and by the B-cells of the pancreatic islets, where it is a pos-
itive, autocrine regulator of insulin release (19). In a recent study,
MIF was described to be released from cultured myotubes stimu-
lated with TNF-a and then to act in an autocrine/paracrine manner
to stimulate muscle glucose catabolism (5). In the present study,
MIF~/~ mice showed a near normalization in glucose metabolism
in response to endotoxin, which induces a transient (<2 h) alter-
ation in circulating glucose and lactate levels. Moreover, TNF-a
itself did not influence blood glucose in the setting of genetic MIF
deficiency. An intrinsic role of MIF in the glycemic response dur-
ing endotoxemia was verified by in vivo experiments using labeled
glucose in awake mice, which showed increased glucose uptake
into white adipose tissue in mice genetically deficient in MIF. An-
ti-MIF mAb also prevented TNF-a inhibition of insulin-mediated
glucose transport in adipocytes, which is in accord with a modu-
lating effect of MIF on the action of TNF-« at the level of insulin
signal transduction. The precise mechanism for the inhibitory ef-
fect of MIF on insulin signal transduction events may involve in-
hibition of Akt phosphorylation, which together with PI3K is nec-
essary for the serine phosphorylation of the IRS-1 protein (23, 33).

Genetic MIF deficiency also promotes adipogenesis in a defined
model of adipocyte differentiation requiring PPARy agonism, and
this effect is consistent with an inhibitory action of TNF-a on
adipocyte differentiation (34). Among the mechanisms by which
MIF may mediate this inhibition it is notable that the E2F family
regulates the differentiation of adipocytes. E2F1 induces PPARYy
transcription during clonal expansion (35), and Petrenko et al. (36)
recently showed that the expression of E2F1 is up-regulated in
MIF™" cells. An additional pathway may relate to the defect in
cyclin D1 activity that has been described in fibroblasts deficient
in MIF (37). Fu et al. (38) have reported that cyclin D1 inhibits
PPARy-mediated adipogenesis via an action on histone deacety-
lase. MIF ™/~ cells showed reduced levels of cyclin D1, which is in
agreement with the enhanced adipogenic potential of these cells.
MIF also showed an inhibitory action on C/EBPS. The C/EBPS
transcription factor is induced by the dexamethasone (39), and this
action is likely consistent with the glucocorticoid counter-regulat-
ing properties of MIF (18, 40).

TNF-a did not affect the insulin-mediated phosphorylation of
Akt in MIF ™'~ adipocytes, further confirming the role for MIF as
a downstream effector of TNF-a. This effect was not due to re-
duced expression of TNFR-1 by these cells, which may be sug-
gested by a prior report (42). It is known, however, that the action
of TNF-a on insulin signaling is reduced upon PPARy activation
(41). Although we cannot rule out a role for MIF in affecting
PPARY activation, the PPARy ligand troglitazone by itself did not
show a differential effect on adipocyte development from MIF*/*
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vs MIFE™/~ cells. Further studies will be necessary to better define
the signaling pathways influenced by the interaction of TNF-« and
MIF in this model system.

In conclusion, these studies support the concept that TNF-a me-
diates insulin resistance in adipocytes by the downstream, auto-
crine/paracrine action of MIF on key steps in the insulin signal -
transduction pathway. The present studies nevertheless do not sig-
nify that all of the metabolic actions of TNF-« are necessarily
attributed to MIF. A broader question regards the potential action
of MIF in carbohydrate and lipid homeostasis in physiologic set-
tings outside of severe inflammation. Patients who have type 2
diabetes have increased circulating levels of MIF (43, 44), and the
recent discovery of functional alleles in the human MIF gene (45),
prompt consideration of the role of MIF in the pathogenesis of
insulin resistance that occurs more commonly in diabetes, aging,
and obesity.

Disclosures
Drs. Leng, Metz, Mitchell, and Bucala are coinventors on patents describ-
ing the potential therapeutic value of inhibiting MIF.

‘References

—

. Michie, H. R. 1996. Metabolism of sepsis and multiple organ failure. World
J. Surg. 20: 460-464. )

2. Khovidhunkit, W., M. S. Kim, R. A. Memon, J. K. Shigenaga, A. H. Moser,
K. R. Feingold, and C. Grunfeld. 2004. Effects of infection and inflammation on
lipid and lipoprotein metabolism: mechanisms and consequences to the host.
J. Lipid Res. 45: 1169-1196.

. Wellen, K. E., and G. S. Hotamisligil. 2005. Inflammation, stress, and diabetes.
J. Clin. Invest. 115: 1111-1119.

4. Beutler, B., I. W. Milsark, and A. C. Cerami. 1985. Passive immunization against
cachectin/tumor necrosis factor protects mice from lethal effect of endotoxin.
Science 229: 869-871.

5. Benigni, F.,, T. Atsumi, T. Calandra, C. Metz, B. Echtenacher, T. Peng, and
R. Bucala. 2000. The proinflammatory mediator macrophage migration inhibitory
factor ind glucose catabolism in le. J. Clin. Invest. 106: 1291-1300.

6. Calandra, T., J. Bemhagen, R. A. Mitchell, and R. Bucala. 1994. The macrophage
is an important and previously unrecognized source of macrophage migration
inhibitory factor. J. Exp. Med. 179: 1895-1902.

7. Calandra, T., B. Echtenacher, D. L. Roy, J. Pugin, C. N. Metz, L. Hilltner,
D. Heumann, D. Minnel, R. Bucala, and M. P. Glauser. 2000. Protection from
septic shock by neutralization of macrophage migration inhibitory factor. Nat.
Med. 6: 164-170.

8. Bozza, F. A, R. N. Gomes, A. M. Japiassd, M. Soares, H. C. Castro-Faria-Neto,
P. T. Bozza, and M. T. Bozza. 2004. Macrophage migration inhibitory factor
levels correlate with fatal outcome in sepsis. Shock 22: 309-313.

9. Hirokawa, J., S. Sakaue, S. Tagami, Y. Kawakami, M. Sakai, S. Nishi, and
J. Nishihira. 1997. Identification of macrophage migration inhibitory factor in
adipose tissue and its induction by tumor necrosis factor-a. Biochem. Biophys.
Res. Commun. 235: 94-98. :

10. Bemnhagen, J., T. Calandra, R. A. Mitchell, S. B. Martin, K. 1. Tracey,
W. Voelter, K. R. Manogue, A. Cerami, and R. Bucala. 1993. MIF is a pituitary-
derived cytokine that potentiates lethal endotoxaemia. Nature 365: 756 -759.

11. Bozza, M., A. R. Satoskar, G. Lin, B. Lu, A. A. Humbles, C. Gerard, and
J. R. David. 1999. Targeted disruption of migration inhibitory facior gene reveals
its critical role in sepsis. J. Exp. Med. 189: 341-346.

12. Kim, J. K., J. J. Fillmore, O. Gavrilova, L. Chao, T. Higashimori, H. Choi,
H.J. Kim, C. Yu, Y. Chen, X. Qu, et al. 2003. Differential effects of rosiglitazone
on skeletal muscle and liver insulin resistance in A-ZIP/F-1 fatless mice. Dia-
betes 52: 1311-1318.

13. Bedard, S., B. Marcotte, and A. Marette. 1997. Cytokines modulate glucose trans-
port in skeletal muscle by inducing the expression of inducible nitric oxide syn-
thase. Biochem. J. 325(Pt. 2). 487-493.

14. Liy, Y. Q., K. Tornheim, and J. L. Leahy. 1998. Shared biochemical propertics
of glucotoxicity and lipotoxicity in islets decrease citrate synthase activity and
increase phosphofructokinase activity. Diabetes 47: 1889-1893.

15. Fingerle-Rowson, G., O. Petrenko, C. N. Metz, T. G. Forsthuber, R. Mitchell,
R. Huss, U. Moll, W. Miiller, and R. Bucala. 2003. The p53-dependent eflects of
macrophage migration inhibitory factor revealed by gene targeting. Proc. Nail.
Acad. Sci. USA 100: 9354-9359.

16. Sakaue, H., W. Ogawa, M. Matsumoto, S. Kuroda, M. Takata, T. Sugimoto,
B. M. Spiegelman, and M. Kasuga. 1998. Posttranscriptional control of adipocyte
differentiation through activation of phosphoinositide 3-kinase. J. Biol. Chem.
273: 28945-28952.

17. Evans, D. A., D. O. Jacobs, and D. W. Wilmore. 1989. Tumor necrosis factor
enhances glucose uptake by peripheral tissues. Am. J. Physiol. 257:
R1182-R1189.

18. Calandra, T., J. Bernhagen, C. N. Metz, L. A. Spiegel, M. Bacher, T. Donnelly,

A. Cerami, and R. Bucala. 1995. MIF as a glucocorticoid-induced modulator of

cytokine production. Nature 377. 68-71.

w

— 522 —



5406

19.

20.

21.

22.

27.

28.

29.

30.

31.

32.

Wacber, G., T. Calandra, R. Roduit, J. A. Haefliger, C. Bonny, N. Thompson,
B. Thorens, E. Temler, A. Meinhardt, M. Bacher, et al. 1997. Insulin secretion is
regulated by the glucose-dependent production of islet beta cell macrophage mi-
gration inhibitory factor. Proc. Nail. Acad. Sci. USA 94: 4782-47817.
Hotamisligil, G. S., P. Amer, J. F. Caro, R. L. Atkinson, and B. M. Spiegelman.
1995. Increased adipose tissue expression of tumor necrosis factor-a in human
obesity and insulin resistance. J. Clin. Invest. 95: 2409-2415.

Hotamisligil, G. S., D. L. Mumray, L. N. Choy, and B. M. Spiegelman. 1994.
Tumor necrosis factor a inhibits signaling from the insulin receptor. Proc. Natl.
Acad. Sci. USA 91: 4854 -4858.

Rordorf-Nikolic, T., D. J. Van Homn, D. Chen, M. F. White, and J. M. Backer.
1995. Regulation of phosphatidylinositol 3'-kinase by tyrosyl phosphoproteins:
full activation requires occupancy of both SH2 domains in the 85-kDa regulatory
subunit. J. Biol. Chem. 270: 3662-3666.

. Kanety, H., R. Feinstein, M. Z. Papa, R. Hemi, and A. Karasik 1995. Tumor

necrosis factor alpha-induced phosphorylation of insulin receptor substrate-1
(IRS-1): possible mechanism for suppression of insulin-stimulated tyrosine phos-
phorylation of IRS-1. J. Biol. Chem. 270: 23780-23784.

. Hill, M. M,, S. F. Clark, D. F. Tucker, M. J. Bimbaum, D. E. James, and

S. L. Macaulay. 1999. A role for protein kinase Bbeta/Akt2 in insulin-stinmlated
GLUT?4 translocation in adipocytes. Mol. Cell Biol. 19: 7771-7781.

. Mitsumoto, Y., and A. Klip. 1992. Development regulation of the subcellular

distribution and glycosylation of GLUT1 and GLUT4 glucose transporters during
myogenesis of L6 muscle cells. J. Biol. Chem. 267. 4957-4962.

. Ninomiya-Tsuji, J., F. M. Torti, and G. M. Ringold. 1993. Tumer necrosis factor-

induced c-myc expression in the absence of mitogenesis is associated with inhi-
bition of adipocyte differentiation. Proc. Nall. Acad. Sci. USA 90: 9611-9615.
Rubin, C. S., A. Hirsch, C. Fung, and O. M. Rosen. 1978. Development of
hormone receptors and hormonal responsiveness in vitro: insulin receptors and
insulin sensitivity in the preadipocyte and adipocyte forms of 3T3-L1 cells.
J. Biol. Chem. 253: 7570-7578. ’

Richon, V. M,, R. E. Lyle, and R. E. McGehee, Jr. 1997. Regulation and ex-
pression of retinoblastoma proteins p107 and p130 during 3T3-L1 adipocyte dif-
ferentiation. J. Biol. Chem. 272: 10117-10124.

Wu, Z., Y. Xie, N. L. Bucher, and S. R. Farmer. 1995. Conditional ectopic
expression of C/EBPB in NIH-3T3 cells induces PPARy and stimulates adipo-
genesis. Genes Dev. 9: 2350-2363.

Beutler, B., J. Mahaney, N. Le Trang, P. Pekala, and A. Cerami. 1985. Purification
of cachectin, a lipoprotein lipase-suppressing hormone d by endotoxin-
induced RAW 264.7 cells. J. Exp. Med. 161: 984-995.

Hotamisligil, G. S., N. 8. Shargill, and B. M. Spiegelman. 1993. Adipose
expression of tumor necrosis factor-a: direct role in obesity-linked insulin
resistance. Science 259: 87-91. .

van den Berghe, G. P. Wouters, F. Weekers, C. Verwaest, F. Bruyninckx,
M. Schetz, D. Vlasselaers, P. Ferdinande, P. Lauwers, and R. Bouillon. 2001.
Intensive insulin therapy in the critically ill patients. N. Engl. J. Med. 345:
1359-1367.

33.

35.

36.

37.

38.

39.

40.

41.

MIF MEDIATES ADIPOCYTE INSULIN RESISTANCE

Hotamisligil, G. S., P. Peraldi, A. Budavari, R. Ellis, M. F. White, and
B. M. Spiegelman. 1996. IRS-1-mediated inhibition of insulin receptor tyrosine
kinase activity in TNF-a- and obesity-induced insulin resistance. Science 271:
665-668.

. Xu, H.,J. K. Sethi, and G. S. Hotamnisligil. 1999. Transmembrane tumor necrosis

factor (TNF)-a inhibits adipocyte differentiation by selectively activating TNF
receptor 1. J. Biol. Chem. 274: 26287-26295.

Fajas, L., R. L. Landsberg, Y. Huss-Garcia, C. Sardet, J. A. Lees, and J. Auwerx.
2002. E2Fs regulate adipocyte differentiation. Dev. Cell 3: 39-49.

Petrenko, O., G. Fingerle-Rowson, T. Peng, R. A. Mitchell, and C. N. Metz.
2003. Macrophage migration inhibitory factor deficiency is associated with al-
tered cell growth and reduced susceptibility to Ras-mediated transformation.
J. Biol. Chem. 278: 11078-11085.

Liao, H., R. Bucala, and R. A. Mitchell. 2003. Adhesion-dependent signaling by
macrophage migration inhibitory factor (MIF). J. Biol. Chem. 278: 76-81.

Fu, M., M. Rao, T. Bouras, C. Wang, K. Wy, X. Zhang, Z. Li, T. P. Yao, and
R. G. Pesteli. 2005. Cyclin D1 inhibits peroxisome proliferator-activated receptor
y-mediated adipogenesis through histone deacetylase recruitment. J. Biol. Chem.
280: 16934-16941.

Cao, Z., R. M. Umek, and S. L. McKnight. 199]. Regulated expression of three
C/EBP isoforms during adipose conversion of 3T3-L1 cells. Genes Dev. 5:
1538-1552. .
Fingerle-Rowson, G., P. Koch, R. Bikoff, X. Lin, C. N. Metz, F. S. Dhabhar,
A. Meinhardt, and R. Bucala. 2003. Regulation of macrophage migration inhib-
itory factor expression by glucocorticoids in vivo. Am. J. Pathol. 162: 47-56.
Iwata, M., T. Haruta, 1. Usui, Y. Takata, A. Takano, T. Uno, J. Kawahara,
E. Ueno, T. Sasaoka, O. Ishibashi, and M. Kobayashi. 2001. Pioglitazone ame-
liorates tumor necrosis factor-a-induced insulin resistance by a mechanism in-
dependent of adipogenic activity of peroxisome proliferator-activated receptor-y.
Diabetes 50: 1083-1092.

42. Toh, M. L., D. Acberli, D. Lacey, Y. Yang, L. L. Santos, M. Clarkson, L. Sharma,

43.

45.

C. Clyne, and E. F. Morand. 2006. Regulation of IL-1 and TNF receptor expres-
sion and function by endogenous macrophage migration inhibitory factor. J. Im-
munol. 177: 4818-4825.

Yabunaka, N., J. Nishihira, Y. Mizue, M. Tsuji, M. Kumagai, Y. Ohtsuka,
M. Imamura, and M. Asaka. 2000. Elevated serumn content of macrophage mi-
gration inhibitory factor in patients with type 2 diabetes. Diabetes Care 23:
256-258.

. Vozarova, B., N. Stefan, R. Hanson, R. S. Lindsay, C. Bogardus, P. A. Tataranni,

C. Metz, and R. Bucala. 2002. Plasma concentrations of macrophage migration
inhibitory factor are elevated in Pima Indians compared to Caucasians and are
associated with insulin resistance. Diabetologia 45: 1739-1741.

Gregersen, P. K., and R. Bucala. 2003. Macrophage migration inhibitory factor,
MIF alleles, and the genetics of inflammatory disorders: incorporating disease
outcome into the definition of phenotype. Arthritis Rheum. 48: 1171-1176.

— 523 —



ARTHRITIS & RHEUMATISM
Vol. 56, No. 8, August 2007, pp 2803-2809
© 2007. American College of Rheumatology

CONCISE COMMUNICATIONS

DOI 10.1002/art.22799

A polymorphism in human platelet antigen 6b and
risk of thrombocytopenia in patients with systemic
lupus erythematosus

Systemic lupus érythematosus (SLE) is a systemic
autoimmune disorder characterized by circulating autoanti-
bodies directed against nuclear, cytoplasmic, cell membrane,
and other autoantigens. Possible manifestations of SLE in-
clude the thrombocyte-associated diseases autoimmune
thrombocytopenia and thrombosis.

The platelet surface glycoprotein IIb-11Ia (GPIIb-IIIa)
complex plays an important role in platelet aggregation and
hemostasis, since it is a receptor for fibrinogen, von Willebrand
factor, and fibronectin. This complex constitutes a major target
for antiplatelet antibodies responsible for immune-related
thrombocytopenia (1).

GPIIIa is highly polymorphic, and 5 human platelet
antigen (HPA) systems (HPA-1, HPA-4, HPA-6, HPA-7, and
HPA-8) are known to be located in this glycoprotein. Polymor-
phisms in this region have been associated with neonatal
alloimmune thrombocytopenia, posttransfusion purpura, and
refractoriness to platelet transfusion in European American
populations (2). Thus, these polymorphisms may be important
as alloantigen determinants. In addition, evidence has been
found to support a significant association between HPA-1
polymorphism and thrombosis (3,4), suggesting that HPA is
involved in platelet aggregation.

In the Japanese population, polymorphisms in HPA-1,
HPA-7, and HPA-8 are very rare. In a previous study, only 1 of

331 random donors was found to be A/B heterozygous in-

HPA-1, and no polymorphisms were detected in HPA-7 or
HPA-8 in any of the subjects (5). The frequencies of polymor-
phisms in other HPA systems were 2.2% for A/B in HPA-4 and
5.1% for A/B and 0.3% for B/B in HPA-6 (5).

In the present study, we analyzed HPA-1, HPA-4, and
HPA-6 polymorphisms in Japanese patients with SLE to
determine the association of these polymorphisms with throm-
bocytopenia and thrombosis. A total of 134 Japanese patients
with SLE (121 women and 13 men) with a mean age of 41.4
years (range 20-72 years), who presented to our Rheumatic
and Connective Tissue Disease Unit, were recruited for the
study. All of them fulfilled the American College of Rheuma-
tology criteria for SLE (6). Fifteen patients (11.2%) fulfilled
the Sapporo criteria for definite antiphospholipid syndrome
(7). Sixty-seven healthy Japanese individuals were included as
a control group. The study was conducted in accordance with
the Declaration of Helsinki and the principles of good clinical
practice. Approval was obtained from the local ethics commit-
tee, and written informed consent was obtained from each
patient before enrollment.

Polymorphism status in HPA-1, HPA-4, and HPA-6
was determined by polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP), as previously
described (5), with minor modifications. Briefly, 50 ng of
genomic DNA was amplified in a total volume of 10 ul
containing dNTPs (200 uM each) in a standard buffer with

1.5 mM MgCl,, 0.5 units of DNA Tag polymerase, and 10
pmoles of each primer. The gene-specific primer sequences
were as follows: for HPA-1, forward 5'-CTTA
GCTATTGGGAAGTGGTAGGGCCTGC-3' and reverse

" 5'-ACCTCAGATCTTCTGACTCAAGTCCTAACGTC

TCTTATT-3'; for HPA-4, forward 5'-CCTGTGG-
ACATCTACTACTTGATGGACC-3’ and reverse 5'-
GCCAATCCGCAGGTTACTCGTGAGCATT-3'; and for
HPA-6, forward 5'-CTGGCTGGCTGGGATCCCAGTG-3'
and reverse 5'-CCCTGCAGTTCTCCTCACCTGAG-3'.
PCRs were performed as follows: for HPA-1, 27 cycles of

- 94°C for 45 seconds, 55°C for 30 seconds, and 72°C for 45

seconds; for HPA-4, 31 cycles of 94°C for 45 seconds, 55°C
for 30 seconds, and 72°C for 45 seconds; and for HPA-6, 27
cycles of 94°C for 45 seconds, 55°C for 30 seconds, and 72°C
for 45 seconds. After all cycles were completed, a final
extension step of 72°C for 7 minutes was performed in all
PCRs.

The amplified products (486 bp, 126 bp, and 240 bp for
HPA-1, HPA-4, and HPA-6, respectively) were digested by
Msp I (New England Biolabs, Beverly, MA) at 37°C for 16
hours for HPA-1, Bsm 1 (New England Biolabs) at 65°C for 1
hour for HPA-4, and Mva I (Takara Shuzo, Shiga, Japan) at
37°C for 16 hours for HPA-6. RFLP products were resolved in
9% polyacrylamide gels, stained with ethidium bromide, and
visualized under ultraviolet light. For HPA-1, two bands of 274
bp and 206 bp were visualized for the A/A homozygous
genotype, and 4 bands of 274 bp, 206 bp, 173 bp, and 101 bp
were identified for the heterozygous genotype. For HPA-4, a
104-bp band corresponded to the A/A genotype, and a 126-bp
band to the B/B genotype. For HPA-6, A/A single band of 240
bp was visualized for the A/A homozygous genotype. Two
bands of 165 bp and 75 bp and 3 bands of 240 bp, 165 bp, and
75 bp were identified for the B/B homozygous genotype and
the heterozygous genotype, respectively.

All patients were tested for antiphospholipid antibod-
ies (aPL), including anticardiolipin antibodies (aCL) and lupus
anticoagulant (LAC). The aCL (IgG, IgM, and IgA) were

- assayed as previously described (8), and for the detection of

2803

LAC the guidelines of the Subcommitte for Standardization of
the International Society of Thrombosis and Haemostasis were
followed (9).

The records of the patients were reviewed retrospec-
tively, and autoimmune thrombocytopenia, defined as platelet
count <100 X 10%/liter, was detected in 35 patients (26.1%).
Transient thrombocytopenia associated with disseminated in-
travascular coagulation, thrombotic thrombocytopenic pur-
pura, hemophagocytotic syndrome, drug-induced thrombocy-
topenia, and myelodysplastic syndrome were not considered to
be autoimmune thrombocytopenia. Twenty-one patients
(15.7%) had a history of thrombotic events. LACs were
detected in 43 patients (32.1%) and aCL in 26 (19.4%).

HPA-1 polymorphism was not present in the study
population. The A/A genotype was detected in HPA-1 in 100%
of SLE patients and healthy individuals, in accordance with the
results of a previous study (5).

The HPA-4 A/A genotype was found in 98.3% of SLE
patients and in 97% of healthy individuals. The heterozygous
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Table 1. Distribution of the HPA-6 genotypes*®

A/A A/B B/B
Group (n) genotype genotype genotype

Healthy controls (67) 66 (98.5) 1(L5) 0(0)
All SLE patients (134)t 124 (92.5) 10 (7.5) 0(0)
Patients with thrombocytopenia (35)§ 28 (80) 7(20) 0(0)
Patients without thrombocytopenia (99) 96 (97) 33 0(0)
Patients with thrombosis (21) 21 (100) 0(0) 0(0)
Patients without thrombosis (113) 103 (91.2) 10(8.8) 0(0)
Patients with aPL (52) 50(96.2) 2(3.8) 0(0)
Patients without aPL (82) 74 (90.2) 8(9.8) 0(0)

* Values are the number (%) of subjects. HPA-6 =

erythematosus; aPL = antiphospholipid antibody.

human platelet antigen 6; SLE = systemic lupus

t Odds ratio (OR) 5.32 (95% confidence interval [95% CI] 0.66-42.48).

1 OR 8 (95% C1 1.9-32.9), P < 0.0028.

genotype was observed in 2 patients and in 2 controls (1.5%
and 3%, respectively), a slightly higher frequency than that
previously found by Tanaka et al in 331 random donors (0. 3%)
)

The HPA-6 A/B genotype was found in 7.5% of
patients with SLE, compared with 1.5% of healthy controls.
There was no significant deviation from Hardy-Weinberg
equilibrium in either group. The HPA-6 A/B genotype was
more frequently observed in patients with thrombocytopenia
than in those without (odds ratio 8, [95% confidence interval
1.94-32.98], P = 0.0028). There was no difference in genotype
distribution based on the presence or absence of thrombotic
events or aPL (Table 1).

The first recognized platelet alloantigen was seen in
1959 in a patient with clinical features of posttransfusion
purpura (10). Since then, >20 alloantigens have been de-
scribed and attributed to different antigen systems. The HPA-6
polymorphism is due to an Arg—Gln variation at position 489.
We found the HPA-6 A/B genotype in 55% of subjects, a
frequency similar to that previously found in Japanese donors
(4.8%) (11), and significantly higher than that observed in a
Finnish population (0.7%) (12).

The initial aim of our study was to identify a risk factor
for thrombosis, apart from the presence of aPL, in patients
with SLE. The strong correlation between HPA-1 polymor-
phism and coronary events (4) drove us to investigate a link
between HPA polymorphisms and thrombosis in SLE. In the
present study there was no statistically significant difference
between the frequency of the HPA-6 A/B genotype in patients
and that in healthy controls. None of the HPA polymorphisms
investigated in this study were identified as a risk factor for
thrombosis in the study population. Interestingly, the HPA-6
A/B genotype occurred significantly more frequently in SLE
patients with autoimmune thrombocytopenia than in those
without.

Autoimmune thrombocytopenia, one of the most com-
mon features of SLE, occurs in 7-30% of patients during the
course of the disease, but its pathogenesis is still controversial.
One postulated mechanism of platelet destruction in SLE
involves the presence of antiplatelet antibodies, mainly di-
rected against the GPIIb-IIla complex, which bind to circulat-
ing platelets and facilitate the clearance of platelets by the
reticuloendothelial system (1,13). Alternatively, aPL may in-

teract with platelet phospholipids, leading to platelet destruc-
tion by the reticuloendothelia! system (14,15)

The significance of antigen polymorphisms in the
development of autoimmune thrombocytopenia is far from
clear. Polymorphisms in GPIIb-IIla may potentially promote
the production of autoantibodies. Platelet GPIIb-IIla is the
main antigenic target recognized by antiplatelet antibodies in
autoimmune thrombocytopenia, and anti-GPIIb-1I1a antibod-
ies have been measured in SLE-associated thrombocytopenia
using an indirect monoclonal-specific immobilization of plate-
let antigens assay (1) or an enzyme-linked immunosorbent
assay, which detects peripheral blood B cells secreting IgG
anti-GPIIb-II1a (16). It would be of interest to analyze the
association between anti-GPIIb-1Ila and HPA-6 polymor-
phism. Unfortunately, our study design did not include the
detection of antiplatelet antibodies, and neither of these
detection methods was performed.

In our thrombocytopenia patients with the HPA-6 A/B
genotype, platelet count ranged from 3.2 X 10° to 9.8 X
10%/Niter, implying that the association between HPA-6 A/B
genotype and thrombocytopenia has an immunogenetic impact
rather than clinical significance as a predictor of bleeding
tendency.

In conclusion, our preliminary findings show that the
HPA-6 A/B genotype is a risk factor for autoimmune throm-
bocytopenia in SLE. Further investigations are needed to
clarify the relalionship between this polymorphism and throm-
bocytopenia in SLE.
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EDITORIAL

“Resurrection of Thrombin” in the Pathophysiology of the

Antiphospholipid Syndrome

Takao Koike and Tatsuya Atsumi

Antiphospholipid syndrome (APS) is character-
ized by recurrent thrombosis associated with the persis-
tent presence of antiphospholipid antibodies (aPL) (1).
Many of the autoantibodies associated with APS are
directed against phospholipid-binding plasma proteins
such as B,-glycoprotein I (B,GPI) and prothrombin
expressed on, or bound to, the surface of vascular
endothelial cells, platelets, or other cells.

Beta,-glycoprotein I was first described in 1961 as
a component of the B-globulin fraction of human serum
(2). However, it was not until the early 1990s that clear
evidence emerged of the major role of B,GPI in the
binding of anticardiolipin antibodies to phospholipids in
patients with APS. Over the following years, detailed
studies have been performed to define its structure and
properties. Beta,-glycoprotein I, a 50-kd protein, is a
single polypeptide chain composed of 326 amino acid

residues with 5 oligosaccharide attachment sites (3).

This protein is composed of 5 homologous motifs des-
ignated short consensus repeats (SCRs) or sushi do-
mains. Human B,GPI has been crystallized, and its
tertiary structure has revealed a highly glycosylated
protein with an elongated fishhook-like arrangement of
the globular SCR domains (4,5). Beta,-glycoprotein I
has a major phospholipid binding site located in the fifth
domain, C®¥'KNKEKKC?®, close to the hydrophobic
loop. ‘

Recently, great interest has arisen concerning the
binding of aPL to endothelial cells or other procoagulant
cells and how this binding mediates cell dysfunctions
that potentially induce the clinical manifestations of
APS. A few years ago, the signal transduction mecha-
nism implicated in the induction of procoagulant sub-
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stances by aPL was examined. There is now clear
evidence that the p38 MAPK pathway of cell activation
plays an important role in aPL-mediated cell activation
(6-8). Moreover, the role of annexin A2 as a receptor
for B,GPI (9) and the interaction of B,GPI with differ-
ent members of the low-density lipoprotein receptor
family (10) have been recently reported.

Before this era of cell biology, clinical features of
APS were considered as “coagulopathy,” and the mech-
anisms involved in the coagulation cascade abnormality
mediated by aPL had been intensively investigated since
the early 1980s. Currently, the coagulopathy concept
appears to have minor standing within a cluster of
reports described in the previous paragraph. However, it
is still noted that a significant reduction of in vitro
thrombin generation was found in plasma from B,GPI-
null mice, indicating that 8,GPI may play an important
role in thrombin generation (11). The in vitro properties
of B,GPI as a natural regulator of coagulation have
been proposed in a large number of reports. Beta,-
glycoprotein I may act as an anticoagulant by binding to
the phospholipids on platelet surfaces and inhibiting the
contact pathway. In addition, B,GPI binds directly to
factor XI and inhibits activation of factor XI by throm-
bin or activated factor XII; this inhibition attenuates
thrombin generation (12).

~Thrombin, a member of the serine protease
family, is a key enzyme in hemostasis. Thrombin is
generated from its inactive precursor prothrombin by
activated factor X as part of the prothrombinase com-
plex on the surface of activated cells. Thrombin may
function as a procoagulant not only by cleaving fibrino-
gen to fibrin, but also by interacting with protease-
activated receptors (PARs) on many types of procoagu-
lant cells and with GPIb-IX-V complex on the surface of
platelets, leading to platelet aggregation and activation.
On the other hand, thrombin may behave as an antico-
agulant upon binding to thrombomodulin to favor acti-
vation of protein C. Furthermore, thrombin takes part in
the regulation of numerous physiologic and pathophys-
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iologic functions, such as promotion of inflammation,
carcinogenesis, angiogenesis, atherosclerosis, and the
tissue reparative process (13).

In this issue of Arthritis & Rheumatism, Rahgozar
et al (14) elegantly demonstrate that B8,GPI is able to
bind exosites I and II on thrombin, and that domain V of
B,GPI is essential for this interaction. The interaction
between $,GPI and thrombin may interfere with the
coagulation system as well as with many of the biologic
functions in which thrombin participates. The signifi-
cance of B,GPI binding to thrombin needs further
investigation, but direct interaction of B,GPI with
thrombin, one of the most potent enzymes present in the
body, opens a new insight into the pathophysiology of
the manifestations of APS. It is recognized worldwide
that the mechanisms of thrombosis in APS are multifac-
torial. The direct involvement of thrombin may be a clue
to this pluripathologic process.

A second major antigenic target in APS is pro-
thrombin. Most APS patients have anti-8,GPI antibod-
ies and/or antiprothrombin antibodies. These 2 popula-
tions of antibodies are believed to share pathogenic roles
in thrombosis in APS. Prothrombin is a precursor of
thrombin; thus, the 2 major antigenic players, 8,GPI and
prothrombin, encounter each other around the clot
formation process.

Rahgozar et al (14) also investigated the effect of
monoclonal anti-B8,GPI antibodies in the inhibition of
factor XI activation by B,GPI and thrombin complex,
and they show that anti-B,GPI antibodies enhance this
inhibition, leading to a decreased generation of throm-
bin. It is apparently paradoxical that anti-8,GPI anti-
bodies enhance one function of the antigen, but this is
similar to the effect seen in the B,GPI, anti-B8,GPI
antibodies, and protein C scenario (15). Anti-8,GPI
antibodies enhanced the inhibitory effect of 8,GPI on
activated protein C, which proteolyzes activated factor
V/activated factor VIII, and reduced thrombin genera-
tion. The direct effect of anti-B8,GPI antibodies on
thrombin-dependent factor XI activation may, in part,
explain why anti-B,GPI antibodies have lupus anticoag-
ulant activity, but it cannot explain the increased throm-
bin generation found in APS patients.

In conclusion, Rahgozar et al provide evidence
that B,GPI and thrombin interact directly with each
other and that anti-B,GPI antibodies may modify the
“ultimate” generation of thrombin, reminding us of the
importance of thrombin, a main player in the era of
“coagulopathy,” for explaining the formation of clots.
The phenomena provide a step forward in the under-

KOIKE AND ATSUMI

standing of the etiologic chart of APS. These data have
brought thrombin into the center of the chart again,
although many details are still far from being elucidated.
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Two weeks after stopping this immunosuppression we
applied the monoclonal anti-CD20 antibody rituximab. Two
rituximab infusions (375 mg/m? IV) plus a single additive
dose of 100 mg prednisolone IV at 4-week intervals induced
remission of polyarthritis and other symptoms in both cases.
The concomitant oral steroid dose could be tapered from
S0mg to Smg oral prednisolone/day. FACS analysis of
lymphocytes showed depletion of circulating B cells. The
patients have remained in remission receiving either MTX or
ciclosporin after a follow up period of 6 months.

AOSD is a rare systemic inflammatory disorder of
unknown origin. The treatment of AOSD is often difficult.
Non-steroidal anti-inflammatory drugs, steroids, and disease
modifying antitheumatic drugs have been shown to be
effective in the treatment of AOSD. Recently, two case
studies reported the successful induction of remission with
the interleukin 1 receptor antagonist anakinra in refractory
AOSD.! ? In addition to the patient reported by Aamtzen et al,'
two of the six patients reported on by Fitzgerald et a* had
been resistant to etanercept treatment. Anakinra rapidly
induced remission in these three patients,'’ whereas
rituximab was effective in both of our TNFa inhibitor
(etanercept and infliximab) resistant patients. Concomitant
oral prednisolone dosages could be tapered to 5 mg/day and
remission maintained with MTX and ciclosporin, respectively
during follow up.

The report of Aarntzen et al' suggests that interleukin 1
rather than TNFu is important in the pathogenesis of AOSD.
However, the range of disease manifestations and courses
suggests considerable heterogeneity of the disease entity and
its pathogenetic background.’ * Lymphadenopathy is seen in
65% of patients. Lymph node lesions display distinct pattems.
Paracortical hyperplasia may be combined with vascular
proliferation, histiocytosis, diffuse T cell infiltration, plasma
cells, and B immunoblasts.” Lymph node lesions may be
reminiscent of malignant T cell lymphoma.® However,
transition to malignant B cell lymphoma has also been
reported.” Therefore, B cells might represent another target of
successful treatment in AOSD.

Our report suggests that B cell depletion with the
monoclonal, chimeric, humanised mouse antibody rituximab
may be another possible treatment for refractory AOSD. Our
patients did not have any severe adverse events, especially
no infections. Edwards et aP® reported a low rate of infections
in their trial on rituximab treatment in MTX resistant

Letters

rheumatoid arthritis. Anakinra treatment has also been
reported to be complicated by a low rate of infections (but
with apparently less efficacy in rheumatoid arthritis than
with TNFa inhibitors). However, some reports of serious
infectious complications, such as septicaemia with anakinra
treatinent, have appeared.® To our knowledge this is the first
report of the successful induction of remission with
rituximab in AOSD. Further studies are needed to determine
the place of B cell depletion in AOSD.
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Protective effect of pravastatin on vascular endothelium in
patients with systemic sclerosis: a pilot study
S Furukawa, S Yasuda, O Amengual, T Horita, T Atsumi, T Koike

activation or damage in small vessels is followed by intimal

hyperplasia and peripheral ischaemia.’ Raised levels of
plasma von Willebrand factor (vWF), thrombomodulin (TM),
and other endothelial/thrombotic markers have been found
in patients with SSC*; VWF is increased in plasma from
patients with SSc with diffuse skin involvement and with
severe disease, presumably correlating with disease activity.?

In patients with systemic sclerosis (SSc), endothelial cell

www.annrheumdis.com

Ann Rheum Dis 2006;65:1118-1120. doi: 10.1136/ard.2005.046870

Besides a cholesterol lowering effect, statins exert non-lipid
related mechanisms, so-called ‘““pleiotropic effects’’, which
may contribute to reducing risks of cardiovascular events. In
this study the effect of a low dose pravastatin on markers of
endothelial cell activation/injury and coagulation was inves-
tigated in patients with SSc.

This clinical trial was approved by the ethical committee of
Hokkaido University Graduate School of Medicine, and all
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Figure 1 Laboratory data in healthy controls (grey bars), the pravastatin treated group (black bars), and the non-treated group {white bars) before
pravastatin treatment. Asterisks indicate that the variable is significantly higher in ﬁ\e treatment group than in the healthy control group. TC, total
cholesterol {mg/dl}; LDL, low densiz lipoprotein cholesterol (mg/dl); HDL,%\i h density lipoprotein cholesterol {mg/dl); vWF, von Willebrand factor
activity (%); TM, thrombomodulin (fU/ml); TAT, thrombin-antithrombin complgx} /1); ICAM-1, soluble inlercellu?or adhesion molecule-1 {ng/ml);
VCAM:-1, soluble vascular cell adhesion molecule-1 [ng/ml); and P-selectin {ng :?) Error bars indicate standard deviations.

the patients gave their informed consent. The study
comprised 18 patients with SSc without hyperlipidaemia
(16 women, two men) attending the connective tissue
disease clinic of Hokkaido University Hospital (mean (SD)
age 52.3 (12.5)). Diagnosis of SSc was based on the American
College of Rheumatology criteria.® Patients with morphoea
were not included in the study.

Nine patients were treated with low dose (10 mg/day)
pravastatin for 8 weeks and the other nine patients were not
treated. No differences in age, sex, treatment or severity were
found between the groups. Three patients from the pravas-
tatin group and four from the non-treatment group were
receiving low dose steroids. Ten disease-free subjects
matched for age and sex served as healthy controls. Lipid

Table 1 Laboratory data in patients with SSc at days 0 and 56
Data Pravastatin Day 0 Doy 56 p Valve
TC (mmol/l) [ 5.00 {0.65) 4.50 (1.10) NS
-) 4.85{1.35) 475 (1.20) NS
LDL {mmol/l) (+) 2.80 {0.55) 2.35(1.00) NS
=) 2.40 {0.60) 2.55(1.10) NS
HDL (mmol/l) ) 1.60 {0.50) 1.45 (0.35) NS
i-) 1.40 (0.35) 1.35 (0.25) NS
VWF (%) (+) 201.4 (30.9 163.8 (32.9) 0.0053
=) 226.9 (335 250.8 {64.1) NS
™™ (AU/ml) ) 26{0.6) 25(0.9) NS
(-) 3. {0.9) 3.2(0.9) NS
TAT (mg/) ) 17 {07) 0.9 (0.3) 0.0052
(-} 1.7 1.0) 1.6(1.3) NS
ICAM-1 {ng/ml} (+) 304.6 (90.2) 294.1 (72.0) NS
(~) 245.0 (51.1) 253.6 {48.2) NS
VCAM-1 (ng/ml) ) 641.4 (191.4) 691.3 (244.8) NS
i-) 702.6 (228.2) 641.4{191.4) NS
P-selectin {ng/ml) {+) 741 (37) 75.1 (32) NS
- 55.6 (35) 552 (36) NS
NS, not significantly different when the valves were compared between days 0 and 56.
There were no significant differences in the measures between the pravastatin group and the non-treatment group.
Cholesterol (mmol/l + 0.025084 = mg/dl).
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profiles (total cholesterol, low density lipoprotein cholesterol,
and high density lipoprotein cholesterol), vWF activity, TM,
thrombin-antithrombin complex (TAT), soluble intercellular
adhesion molecule-1 (sSICAM-1), soluble vascular cell adhe-
sion molecule-1 (sVCAM-1), and P-selectin were measured
on days 0 and 56. Fisher’s exact test was used for statistical
analysis. Values of p<0.05 were regarded as significant.

Data before pravastatin treatment were compared between
the patient groups and the healthy control group. vWF, TM,
TAT, sICAM-1, and sVCAM-1 were significantly increased in
the patient groups compared with the healthy controls (fig 1).
Before pravastatin administration, no significant difference
was found in any measures between the pravastatin group
and non-pravastatin group. In the pravastatin group, plasma
activity of vWF and TAT on day 56 were significantly reduced
compared with those before treatment (table 1). vWF activity
in the pravastatin group was significantly lower than in the
non-treatment group (p=0.024) on day 56. During the
follow up period, low dose pravastatin did not have
significant effect on the other measures, induding lipid
profiles.

vWF is synthesised by endothelial cells and its secretion is
triggered by inflammatory/thrombotic mediators, thus estab-
lishing it as a marker of endothelial activation/injury.
Although TAT is not a generally accepted marker of
endothelial injury, it reflects thrombin generation induced
by endothelial perturbation. Statins induce an increment in
plasminogen activator synthesis and release, a decrease in
plasminogen activator inhibitor-1 activity and endothelin-1
expression, and an up regulation of nitric oxide synthase,
thus diminishing procoagulant activity and vasoconstric-
tion.” *

In this pilot study, we have shown that low dose
pravastatin reduces plasma vWF activity and TAT without
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affecting lipid profiles and has a protective effect against
perturbation of endothelial cells, leading to some beneficial
effects in the affected patients.
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Significance of Valine/Leucine®*” Polymorphism of
B»-Glycoprotein I in Antiphospholipid Syndrome

Increased Reactivity of Anti—f3,-Glycoprotein I Autoantibodies
to the Valine**” B,-Glycoprotein I Variant

Shinsuke Yasuda,! Tatsuya Atsumi,’

Eiji Matsuura,? Keiko Kaihara,?> Daisuke Yamamoto,>

Kenji Ichikawa,' and Takao Koike®

Objective. To clarify the consequences of the
valine/leucine polymorphism at position 247 of the
B;-glycoprotein 1 (B,GPI) gene in patients with an-
tiphospholipid syndrome (APS), by investigating the
correlation between genotypes and the presence of anti-
B,GPI antibody. The reactivity of anti-B,GPI antibodies
was characterized using recombinant Val>*’ and Leu®¥’
B,GPL

Methods. Sixty-five Japanese patients with APS
and/or systemic lupus erythematosus who were positive
for antiphospholipid antibodies and 61 controls were
analyzed for the presence of the Val/Leu’*’ polymor-
phism of 3,GPIL. Polymorphism assignment was deter-
mined by polymerase chain reaction followed by restric-
tion enzyme digestion. Recombinant Val**” and Len®’
B,GPI were established to compare the reactivity of
anti-B3,GPI antibodies to 8,GPI between these variants.
The variants were prepared on polyoxygenated plates or
cardiolipin-coated plates, and the reactivity of a series
of anti-B,GPI antibodies (immunized anti-human
B.GPI monoclonal antibodies [Cof-19-21] and auto-
immune anti-B,GPI monoclonal antibodies [EY1CS,
EY2CY, and TM1G2]) and IgGs purified from patient
sera was investigated.
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Results. A positive correlation between the Val**’
allele and the presence of anti-f,GPI antibodies was
observed in the patient group. Human monoclonal/
polycional anti-B,GPI autoantibodies showed higher
binding to recombinant Val**’ B,GPI than to Leu®"
B,GPI, although no difference in the reactivity of the
immunized anti-3,GPI between these variants was ob-
served. Conformational optimization showed that the
replacement of Leu’¥’ by Val>¥7 led to a significant
alteration in the tertiary structure of domain V and/or
the domain IV-V interaction.

Conclusion. The Val**’ B,GPI allele was associ-
ated with both a high frequency of anti-,GPI antibod-
ies and stronger reactivity with anti-B,GPI antibodies
compared with the Leu?"’ 8,GPI allele, suggesting that
the Val**” B,GPI allele may be one of the genetlc risk
factors for development of APS,

The antiphospholipid syndrome (APS) is charac-
terized by arterial/venous thrombosis and pregnancy
morbidity in the presence of antiphospholipid antibodies
(aPL) (1-3). Among the targets of aPL, 3,-glycoprotein
I (B,GPI), which bears epitopes for anticardiolipin an-
tibodies (aCL), has been extensively studied (4-6).
APS-related aCL do not recognize free 8,GPI, but do
recognize 3,GPI when it is complexed with phospholip-
ids or negatively charged surfaces, by exposure of cryptic
epitopes (7) or increment of antigen density (8).

The significance of antigen polymorphism in the
production of autoantibodies or the development of
autoimmune diseases is now being widely discussed. It is
speculated that amino acid substitution in antigens can

“lead to differences in antigenic epitopes of a given

protein. In particular, 8,GPI undergoes conformational
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alteration upon interaction with phospholipids (9).
B,GPI polymorphism on or near the phospholipid bind-
ing site can affect the binding or production of aCL
(anti-B,GPI autoantibodies), the result being altered
development of APS. Polymorphism near the antigenic
site, or which leads to alteration of the tertiary structure
of the whole molecule, may affect the binding of auto-
antibodies. Five different gene polymorphisms of 8,GPI
attributable to a single-nucleotide mutation have been
described: 4 are a single amino acid substitution at
positions 88, 247, 306, and 316 (10), and the other is a

frameshift mutation associated with B8,GPI deficiency.

found in the Japanese population (11). In particular, the
Val/Leu®*’ polymorphism locates in domain V of 8,GP1I,
between the phospholipid binding site in domain V and
the potential epitopes of anti-B,GPI antibodies in do-
main IV, as we reported previously (12). Although
anti-B,GPI antibodies are reported to direct to domain
I (13) or domain V (14) as well, it should be considered
that a certain polymorphism alters the conformation of
the molecule, affecting function or antibody binding at a
distant site.

We previously reported that, in a group of British
Caucasian subjects, the Val**’ allele was significantly
more frequent in primary APS patients with anti-B,GPI
antibodies than in controls or in primary APS patients
without anti-8,GPI antibodies (15), but the importance
of the Val**’ allele in patients with APS is still contro-
versial. In this study, we analyzed the correlation be-
tween the B,GPI Val**’ allele and anti-8,GPI antibodies
in the Japanese population. We also investigated the
reactivity of anti-B,GPI antibodies to recombinant
val*’ B,GPl and Leu®*’ B,GPI, using a series of
monoclonal anti-3,GPI antibodies and IgGs purified
from sera of patients with APS. Finally, to investigate
the difference in anti-8,GPI binding to those variants,
we conformationally optimized to domain V and the
domain IV-V complex of 8,GPI variants at position 247,
referring the crystal structure of 8,GPL

PATIENTS AND METHODS

Patients and controls. The study group comprised 65
patients (median age 38 years [range 18-74 years|; 57 women
and 8 men) who attended the Hokkaido University Hospital,
all of whom were positive for aPL (IgG, IgA, or IgM class aCL,
and/or lupus anticoagulant). Thirty-four patients had APS (16
had primary APS, and 18 had secondary APS), and 31 patients
did not have APS (24 had systemic lupus erythematosus [SLE],
and 7 had other rheumatic diseases). Among all subjects, 19
had a history of arterial thrombosis, and 6 had venous throm-
bosis. Of the 31 patients with a history of pregnancy, 8
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experienced pregnancy complications (some patients had more
than 1 manifestation of pregnancy morbidity). Anti-8,GPI
antibodies were detected by enzyme-linked immunosorbent
assay (ELISA) as B,GPIl-dependent aCL (16). 1gG, IgA, or
IgM class B-GPI-dependent aCL were found in 30, 14, and 21
patients, respectively (some patients had >1 isotype), and 34
patients had at least 1 of thosc isotypes. Lupus anticoagulant,
detected by 3 standard methods described previously (17), was
found in 51 patients. The diagnoses of APS and SLE, respec-
tively, were based on the preliminary classification criteria for
definite APS (18) and the American College of Rheumatology
criteria for the classification of SLE (19). Informed consent
was obtained from each patient or control subject. The control
group comprised 61 healthy individuals with no history of
autoimmune, thrombotic, or notable infectious disease.

Determination of B,GPI gene polymorphism.
Genomic DNA was extracted from peripheral blood mono-
nuclear cells (PBMCs) using a standard phenol-chloroform
extraction procedure or the DnaQuick kit (Dainippon, Osaka,
Japan). Polymorphism assignment was determined by poly-
merase chain reaction (PCR) followed by allele-specific re-
striction enzyme digestion (PCR-restriction fragment length
polymorphism) using Rsa I (Promega, Southampton, UK) as
described previously (15).

Purification of patient IgG. Sera from 11 patients
positive for IgG class B,GPI-dependent aCL were collected.
The mean (=SD) titer of aCL IgG from these patients was
29.0 + 21.5 IgG phospholipid (GPL) units (range 12.4 10 >98
GPL units). IgG was purified from these sera using a protein G

-column and the MAbTrap GII IgG purification kit (Pharmacia

Biotech, Freiburg, Germany), as recommended by the manu-
facturer.

Monoclonal anti-8,GPI antibodies. Two types of anti-
B,GPI monoclonal antibodies were used. Cof-19, Cof-20, and
Cof-21 are mouse monoclonal anti-human B,GPI antibodies
obtained from immunized BALB/c mice, directed to domains
V, 111, and IV of B,GPI, respectively. These monoclonal
antibodies recognize the native structure of human B,GPI
(12).

EY1CS8, EY2CY, and TM1G2 are IgM class auto-
immune monoclonal antibodies established from patients with
APS (20). These antibodies bind to domain IV of B,GPI, but
only after interaction with solid-phase phospholipids or with a
polyoxygenated polystyrene surface. EY1C8 and EY2C9 were
established from a patient whose genotype of B,GPl was
heterozygous for Val/Leu®*”. The genotype of the patient with
TM1G2 was not determined.

Preparation of recombinant B,GPL. As previously
reported, genes were expressed in Spodoptera frugiperda Sf9
insect cells infected with recombinant baculoviruses (12). A
full-length complementary DNA of human B,GPI coding
Val*” was originally obtained from Hep-G2 cells (21), and the
valine residue was replaced by leucine, using the GeneEditor
in vitro Site-Directed Mutagenesis System (Promega, Madi-
son, WI). The sequence of the primers for a mutant
Val**’—=Leu (GTA—-TTA) is as follows: 5'-
GCATCTTGTAAATTACCTGTGAAAAAAG-3'. A DNA
sequence of the mutant was verified by analysis using ABI
Prism model 310 (PE Applied Biosystems, Foster City, CA).
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Binding assays of monoclonal anti-g8,GPI antibodies
and purified IgGs to the recombinant B,GPI (cardiolipin-
coated plate). The reactivity of a series of monoclonal anti-
B-GPI antibodies and IgG fractions (purificd from the sera of
APS paticnts positive for IgG class anti-B,GPI) against 2
B,GPI variants was investigated using an ELISA. ELISAs were
performed using a cardiolipin-coated plate as previously re-
ported (16) but with a slight modification. Briefly, the wells of
Sumilon Type S microtiter plates (Sumitomo Bakelite, Tokyo,
Japan) were filled with 30 ul of 50 pg/ml cardiolipin (Sigma,
St. Louis, MO) and dried overnight at 4°C. After blocking with
2% gelatin in phosphate buffered saline (PBS) for 2 hours and
washing 3 times with 0.05% PBS-Twecn, 50 ul of 10 pg/ml
recombinant 8,GPI and controls were distributed and incu-
bated for 30 minutes at room temperaturc. Wells were filled
with 50 ul of serial dilutions of monoclonal antibodics (Cof-
19-21, EY1C8 and EY2C9, and TM1G?2) or purified patient
1gG (100 pg/ml), followed by incubation for 30 minutes at
room temperature. After washing 3 times, 50 ul of alkaline
phosphatase—conjugated anti-mouse IgG (1:3,000), anti-
human IgM (1:1,000), or anti-human IgG (1:6,000) was distrib-
uted and incubated for 1 hour at room temperature. The plates
were washed 4 times, and 100 ul of 1 mg/ml! p-nitrophenyl
phosphate disodium (Sigma) in 1M dicthanolamine buffer (pH
9.8) was distributed. Optical density (OD) was read at 405 nm,
with refercnce at 620 nm. Onc percent fatty acid—free bovinc
scrum albumin (BSA) (A-6003; Sigma)-PBS was used as
sample diluent and control.

Binding assays of monoclonal anti-8,GPI antibodies
to recombinant f,GPI (polyoxygenated plate). Anti-3,GPI
antibody detection assay using polyoxygenated plates was
performed as previously reported (22), with minor modifica-
tions. Briefly, the wells of polyoxygenatcd MaxiSorp microtiter
plates (Nalge Nunc International, Roskilde, Denmark) were
coated with 50 ul of 1 ug/ml recombinant 8,GPI in PBS and
incubated overnight at 4°C. After blocking with 3% gelatin—
PBS at 37°C for 1 hour and washing 3 times with PBS-Tween,
50 ul of monoclonal antibodies, diluted with 1% BSA-PBS,
were distributed and incubated for | hour at room tempera-
ture. The following steps were taken, in a similar manner.

Conformational optimization of domain V and the
domain IV-V complex in human B,GPI variants at position
247. A conformation of domain V in the valine variant at
position 247 was first constructed from the crystal structure of
the leucine variant (implemcnted in Protein Data Bank: 1C1Z)
(23). Replacement of leucine by valine at position 247 was
performed using the Quanta system (Molecular Simulations,
San Dicgo, CA), and the modcl was optimized by 500 cycles of
cnergy minimization by the CHARMm program (24), with
hydrophilic hydrogen atoms and TIP3 water molecules (25).
Molecular dynamics simulation (5 psec) of the model was then
performed with 0.002 psec time steps. The cutoff distance for
nonbonded interactions was set to 15A, and the dielectric
constant was 1.0. A nonbonded pair list was updated cvery 10
steps. Thc most stable structure of each domain in the
dynamics iterations was then optimized by 500 cycles of energy
minimization. The final structures of domain V consisted of
2,616 atoms, including 603 TIP3 water molecules, and had a
total energy of —1.63 X 10” keal/mole with a root-mean-square
force of 0.869 kcal/mole.

Molecular models of a domain IV-V complex (lcucine
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and valine variants at position 247) were further constructed by
considering the location of the oligosaccharide attachment site
in domain 1V, the location of epitopic regions of the Cof-8 and
Cof-20 monoclonal antibodies, the junction between domains
1V and V, and molecular surface charges of both domains.
These models were again optimized by molecular dynamics
simulation and by energy minimization as described above.
The final structures of the complex in the leucine and valine
variants consisted of 3,773 and 3,778 atoms, respectively,
including hydrophilic hydrogen atoms and 806 and 808 TIP3
water molecules, respectively, and had total energy of —2.07 X
104 and —2.03 X 104 kcal/mole with a root-mean-square force
of 0.985 and 0.979 kcal/mole, respectively.

Statistical analysis. Correlations betwecen the allele
frequencies and clinical fcaturcs such as the positiveness of
B>GPI-dependent aCL were expressed as odds ratios (ORs)
and 95% confidence intervals (95% Cls). P values were
determined by chi-square test with Yates’ correction. P values
less than or equal to 0.05 were considered significant.

RESULTS

Val/Leu?*” polymorphism of 8,GPI and the pres-
ence of 3,GPl-dependent aCL. As shown in Table 1, the
Leu** allele was dominant in the population of healthy
Japanese individuals, compared with Caucasians, which
is consistent with a previous report (26). Japanese
patients with anti-3,GPI had a significantly increased
frequency of the Val** allele, compared with Japanese
patients without anti-8,GPI (P = 0.0107) or Japanese
controls (P = 0.0209).

The binding of autoimmune anti-B8,GPI to re-
combinant Val**’ and Leu®**’ B,GPL. Representative
binding curves using cardiolipin-coated plates and
polyoxygenated plates are shown in Figure 1. Regardless
of the type of plates, Cof-20 bound equally to valine and
leucine variants of B,GPI (Figures 1a and c), in any
concentration of Cof-20. The binding curves of Cof-19
and Cof-21 were similar to that of Cof-20 (results not

Table 1. Frequency of the Val**" allele of 8,GPI in patients with
APS*

British
Caucasians
48/56 (85.7)%

39/58 (67.2)
55/78 (70.5)

Group Japanesc

23/68 (33.8)1
9/62 (14.5)
23/122 (18.9)

Patients with anti-B.GPI
Patients without anti-B.GPI
Controls

* Values arc the number (%). B,GPl = B,-glycoprotein 1; APS =
antiphospholipid syndrome.

TP = 0.0107 versus patients without anti-B,GPI (odds ratio [OR] 3.01,
95% confidence interval [95% CI} 1.26-7.16). and P = 0.0209 versus
controls, by chi-square test (OR 2.15, 95% Cl 1.09-4.23).

1P = 0.204 versus paticnts without anti-B,GPI (OR 292, 95% CI
1.16-7.39), and P = 0.0396 versus controls, by chi-square test (OR
251.95% CI 1.03-6.13).
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Figure 1. Representative binding curves of monoclonal anti-8,-glycoprotein 1 (anti-
B-GPI) antibodies to rccombinant valinc/leucine®*” 8,GPI. a, Binding curve of Cof-20
using cardiolipin-coated plate. b, Binding curve of EY2C9 using cardiolipin-coated
plate. ¢, Binding curve of Cof-20 using polyoxygenated plate. d, Binding curve of
EY2CY using polyoxygenated plate. Binding to Val**” 8,GPI and Lcu® B.GPI are
indicated with diamonds and squarcs, respectively. OD = optical density.

shown). In contrast, EY2C9 showed stronger binding to Val**’ B,GPI. Figure 2a shows the binding of the
Val**” 8,GPI than to Leu**’ 8,GPI (Figures 1b and d). monoclonal antibodies, on cardiolipin-coated plates, in
EY1C8 and TM1G2 also showed stronger binding to the following concentrations: for Cof-19-21, 100 ng/ml;

1.2 1.2+
1 1
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e
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0.2+ 0.24
i Cof 19 Cof 20 Cof 21 EYIC8 EY2C9 TMIG2 Cof 19 Cof 20 Cof 21 EYIC8 EY2C9 TWIG2
a b

Figure 2. Rcactivity of anti-B,-glycoprotein I (anti-8,GPI) antibodies to 8.GPI
variants. a, The binding of monoclonal anti-B,GPI antibodies to the recombinant
valine/leucine™” B,GP1 was investigated using enzyme-linked immunosorbent assay
(ELISA) on cardiolipin-coated plates. Concentrations of antigens and antibodics
were as follows: for recombinant 8,GPI, 10 pg/mi; for Cof-19-21, 100 ng/ml; for
EYIC8 and EY2CY9, 2 pg/ml; for TM1G2, 5 pg/ml. b, The binding of monoclonal
anti-B3,GPI antibodies to the recombinant Val/LLeu®’ 8,GPI was investigated using
ELISA on polyoxygenated plates. Concentrations of antigens and antibodies were as
follows: for recombinant B.GPI, 1 ug/m}; for Cof-19-21, 50 ng/ml; for EY1C8 and
EY2CY, 2 pg/ml; for TM1G2, 5 pg/ml. Results were presented as the optical density
(OD) at 405 nm. Open columns indicate binding activity to Leu™’ 8,GPI, and solid
columns indicate binding activity to Val**? 8,GPI. Bars show the mcan and SD.

— 535 —



216
2 =
1.5 o
£
o
Yol
g
®
Q
o
05 A
Y T T

Leucine 247 BoGP!I valine 247 B2 GPI

Figure 3. Reactivity of purified IgG from patients (100 pg/mi) to
recombinant Vai/Leu™’ B.-glycoprotein 1 (8.GPl) (10 ug/ml), pre-
sented as the optical density (OD) at 405 nm. Squares, circles, and
triangles indicate paticnts homozygous for the Leu™7 allele, homozy-
gous for the Val*7 allele, and heterozygous for the Val/Leu® allcle.
respectively. Diamonds indicate patients whose genotypes were not

available.

for EY1C8 and EY2CY9, 1 pg/ml; and for TM1G2,
2.5ug/ml. In contrast with the close reactivity of Cof-19,
Cof-20, and Cof-21 between Val**’ 8,GPI and Leu*"’
B,GPI, autoimmune monoclonal antibodies (EY1CS,
EY2C9, and TM1G2) showed higher binding to Val**’
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B,GPI than to Leu*’ B8,GPI. The autoimmune mono-
clonal antibodies also showed a higher binding to Val*¥’
B,GPI directly coated on polyoxygenated plates (Figure
2b). IgG in sera collected from 11 patients (100 ug/ml)
also showed higher binding to Val**’ B,GPI than to
Leu?’ B,GPI on cardiolipin-coated plates, regardless of
the patients’ genotypes (Figure 3).

Conformational alteration by leucine replace-
ment by valine at position 247. Each domain V confor-
mation in 2 variants at position 247 is shown in Figure
4a. The root-mean-square deviations for matching back-
bone atoms and equivalent atoms in the lcucine and
valine variants were 0.76 and 1.11 A, respectively. The
largest shift was observed at Val**™*, one of the residues
located on the backbone neighboring position 247. The
shift seemed to be caused by weak flexibility of side
chains consisting of Val**’, Pro**, and Val** and the
electrostatic interactions between Lys®™, Lys™', Glu™"”,
and Lys™®.

The molecular models of the 1V-V complex in
leucine and valine variants are shown in Figure 4b. The
root-mean-square deviations for matching these back-
bone atoms and equivalent atoms were 1.72 and 2.03 1&,
respectively. Electrostatic interactions and hydrogen
bonds between Asp'®® and Lys™%/Lys*", Asp®** and
Lys*®, and Glu>® and Lys™® appeared in the IV-V
complex, but the interaction between Glu* and Lys™™
was disrupted by the leucine replacement by valine,
because direction of the Lys*™ side chain was signifi-

cantly changed in the complex. As a result, Trp™ of
domain IV, located on the contact surface with domain
V, was slightly shifted.

Figure 4. Conformational alterations in domain V (A) and in the domain V-V complex (B), replacing leucine by valine at position 247. Structure
of the valine (light blue) and leucine (white) variants was shown by a ribbon representation with the secondary structure.
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DISCUSSION

This study shows the positive correlation between
the Val**” B,GPI allele and anti-B,GPI antibody pro-
duction in a Japanese population, confirming the corre-
lation observed in a British Caucasian population in our
previous report (15). A positive correlation between the
Val*¥ allele and the presence of anti-8,GPI antibodies
was also reported in Asian American (26) and Mexican
patients (27). However, this correlation was not ob-
served in other American populations (26) or in patients
with thrombosis or pregnancy complications in the UK
(28). This discrepancy may be the result of the difference
in the frequency of the Val**’ allele among races, or the
difference in the background of investigated patients.
Another possibility is that the relationship between the
Val?*’ allele and thrombosis in Caucasians may be
controversial due to underpowered studies or to differ-
ences in the procedure used to detect anti-B,GPI anti-
bodies. Methods for the detection of anti-8,GPI anti-
bodies differ among laboratories. For example,
cardiolipin-coated plates or oxygenated plates are used
in some methods, whereas unoxygenated plates are used
in others. In addition, bovine B,GPI is used instead of
human B.GPI in some assays. The antibodies used for
standardization also differ, although monoclonal anti-
bodies such as EY2C9 and HCAL (29) have been
proposed as international standards of calibration mate-
rials.

B,GPI is a major target antigen for aCL, and,
according to our previous investigation, B cell epitopes
reside in domain IV and are considered to be cryptic and
to appear only when 3,GPl interacts with negatively
charged surfaces such as cardiolipin, phosphatidylserine,
or polyoxygenated polystyrene surface (7), although
other studies indicate that the B cell epitopes are located
on domain 1 (13) or domain V (14). According to
another interpretation for the specificity of aCL, incre-
ment of the local antigen density on the negatively
charged surface also contributes to anti-B,GPI detection
in ELISA (8,30). Studies on the crystal structure of
human B,GPI revealed that the lysine-rich site and an
extended C-terminal loop region on domain V are
crucial for phospholipid binding. Position 247 is located
at the N-terminal side of domain V, and, around this
position, Lys™?, Ala**, and Ser*** were suggested to
play a role in the interaction between domains IV and V
(9,23,31).

Although the Val/Leu®*’ polymorphism may not
be very critical for the autoantibody binding, the amino
acid substitution at this point was revealed to affect the

affinity of monoclonal aCL established from patients
with APS and that of purified IgG from patients positive
for B,GPIl-dependent aCL. We conformationally opti-
mized to domain V and the domain 1V-V complex of
B>GPI variants at position 247, referring the crystal
structure of B,GPlL. IgG aCL was screened using the
standardized aCL ELISA, in which both the Leu®*” and
the Val*’ allele of B,GPI are contained as antigen.
Although biochemical characteristics and structure are
similar between valine and leucine, the replacement of
Leu®’ by Val**’ leads 1o a significant alteration in the
tertiary structure of domain V and/or the domain IV-V
interaction (Figure 4). It is likely that the structural
alteration affects the affinity between anti-8,GPI auto-
antibodies and the epitope(s) present on its molecule.
One explanation for this phenomenon is that this 8,GPI
polymorphism affects the electrostatic interaction be-
tween domain IV and domain V or the protein-protein
interaction, resulting in differences in the accessibility of
the recognition site by the autoantibodies, or the local
density of 3,GPL

Another possible explanation of the correlation
between the Val/Leu®’ polymorphism of B,GPI and
anti-B,GPI antibodies is T cell reactivity. Ito et al (32)
investigated T cell epitopes of patients with anti-B,GPI
autoantibodies by stimulating patients’ PBMCs with a
peptide library that covers the 8,GPI sequence. Four of
7 established CD4+ T cell clones reacted to peptide
fragments that include amino acid position 244-264,
then position 247 is included among the candidate
epitopes. Arai et al (33) found preferred recognition of
peptide position 276-290 by T cel! clones from patients
with APS. They also found high reactivity to peptide
247-261 in one patient. We speculate that a small
alteration in the conformation arising from the valine/
leucine substitution at position 247 may affect the sus-
ceptibility to generate autoreactive T cell clones in
patients with APS.

Our results in this study indicate that the Val/
Leu*’ polymorphism affects the antigenicity of 8,GPI
for anti-B,GPI autoantibodies, and that the Val** allele
can be a risk factor for having autoantibodies against this
molecule. Therefore, the Val/Leu®’ variation of 8,GPI
may be crucial for autoimmune reactivity against 8,GPI.
We further show the significance of the Val/Leu®*’
polymorphism of 8,GPI in the strength of the binding
between B,GPI and anti-B,GPl autoantibodies. The
significance of antigen polymorphisms in the production
of autoantibodies or in the development of autoimmune
diseases is not well understood. To our knowledge, this
report is the first to present a genetic polymorphism of
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