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Figure 1. CIN85 associates with Cbl and BLNK and
regulates their phosphorylation in B cells. (A) BJAE celis
stably expressing either WT or SH3-deleted CIN85 were
stimulated with 20 pg/mL of F(ab’) > goat anti-human IgM
for the indicated time periods. Immunoprecipitates with
anti-vS or anti-BLNK mAb were separated on a 10%
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**P < 01 vs controls). (C) Control BJAB cells and stable
transformants expressing either WT or SH3-deleted
CIN85 were stimulated with 20 pg/mL of F(ab') » goat
anti-human IgM for the indicated time periods. The cell
lysates were subsequently separated on a 10% SDS-
PAGE gel and analyzed by Westemn blotting with anti—
phospho-BLNK or anti-BLNK mAb. The resulting values
are expressed as fold changes in protein expression com-
pared with unstimulated control cells. The values are the
mean = SD of 3 independent experiments (“F<.01 vs
controls).

and immediately measuring the luminescence on a Lumat LB9507 luminom-
eter (EG & G Berthold). To serve as a control for the transfection efficiency,
the relative luciferase activity of the medium and cells stimulated with BCR
was calculated relative to stimulation with PMA/ionomycin.

Flow cytometric analysis

BJAB cells were incubated on ice for 15 minutes with 20 pg/mL
goat-unlabeled anti-IgM before they were washed with ice-cold medium
and warmed at 37°C for the indicated time intervals. The cells were washed
with ice-cold PBS containing 2% FBS and 0.2% sodium azide (Fisher
Scientific) to stop internalization at the assigned time points and to remove
the unbound Ab. The remaining surface BCRs were stained with FITC-
labeled rabbit anti-goat lg and quantified by flow cytometry. The data are
presented as the percentage of surface BCR remaining.

Fluorescence microscopic analysis

BJAB cells were incubated with 10 pg/mL of unlabeled goat anti-human
IgM sera (20 pg/mL) at 4°C for 30 minutes and warmed to 37°C for the
indicated time periods. The cells were then fixed with 3.7% paraformalde-
hyde and permeabilized with PBS containing 1% BSA and 0.05% saponin
(wash buffer). The cells were then incubated for 30 minutes with FITC-
conjugated anti-goat IgG pAb (Jackson ImmunoResearch Laboratories) at
4°C. The stained cells were centrifuged onto slides and analyzed with
inverted fluorescent microscopy (BZ-9000; Keyence).

Quantitative real-time PCR

The total RNA was extracted from the primary B cells using Isogen reagent
(Nippon gene) and was treated with DNase I (Invitrogen) to remove
contaminating genomic DNA. First-strand cDNA was synthesized using a
QuantiTect reverse transcription kit (QIAGEN). Quantitative real-time
PCR was performed in the ABI Prism 7700 Sequence Detector (Applied
Biosystems). The reactions were performed in triplicate wells in 96-well
plates. TagMan target mixes for Cyclin D2, Myc, BCL2LI/BcelxL, BCL2A 1/
Al, PRDM 1/Blimp-1. and XBPI were purchased from Applied Biosystems.
18S ribosomal RNA (rRNA) was separately amplified in the same plate as
an internal control for variation in the amount of cDNA in PCR. The
collected data were analyzed using the Sequence Detector software
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(Applied Biosystems). The data were expressed as the fold change in gene
expression relative to the expression in the control cells.

Annexin V staining

After culture, cells (1-2 X 105) were washed twice with PBS and suspended
in 85 uL binding buffer (MBL) containing Ca’*. The cell suspension
supplemented with 10 pL annexin-V-FITC or annexin-V-PE (MBL) and
5 pg of propidium iodide (PI) or 1 pg of 7-ADD was incubated at room
temperature for 15 minutes in the dark. Subsequently, binding buffer was
added. and the fraction of early apoptotic cells was measured using flow
cytometry.

BrdU assay

DNA synthesis was monitored by pulse-labeling cells for 2 hours with the
thymidine analog 5-bromo-2'-deoxyuridine (BrdU). The cells were washed
3 times with PBS and fixed for 20 minutes at —20°C in an ethanol fixative
(0.15mM glycine in 70% EtOH, pH 2.0). After rehydration in PBS, BrdU
incorporation was detected by incubation with an anti-BrdU mAb for 1 hour
at 37°C, followed by a rhodamine-conjugated anti-mouse antibody (1:500;
Jackson ImmunoResearch Laboratories) and staining of the nucleus with
4'-6-diamidino-2-phenylindole for | hour. The proportion of BrdU-positive
nuclei (BrdU labeling index) was assessed, based on a sample size of
500 cells per data point.

Statistical analysis

Statistical analysis was performed using the Student r test. P < .05 was
considered statistically significant.

Results

CIN85 associates with Cbl and BLNK and regulates their
phosphorylation

The tyrosine phosphorylation of signaling molecules is a critical
event in BCR signaling.'? Because SH3 domains play an
important role in the function of CIN85.* we focused on
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Figure 2. Forced CIN85 expression inhibits BCR-induced calcium flux and phosphorylation of Syk and PLCv2. (A-B) Control BJAB cells and stable transformants
expressing either WT or SH3-deleted CINBS were stimulated with 20 pg/mL of F(ab'). goat anti-human IgM for the indicated time periods. The cell lysates were subsequently
separated on a 10% SDS-PAGE gel and analyzed by Western blotting with anti-phospho-Syk pAb, anti-Syk mAb, anti-phospho-PLCy2 pAb, anti-PLCy2 pAb,
anti-phospho-Akt pAb, or anti-Akt pAb. The resulting values are expressed as fold changes in protein expression compared with unstimulated control cells. The values are the
mean + SD of 3 independent experiments (*P < .05, **P < .01 vs controls). (C) Ca2* influx in control BJAB cells and stable transformants expressing either WT or
SH3-deleted CINBS. The intracellular free calcium levels in Fluo 4/AM-loaded cells were analyzed using flow cytometry after the cells were stimulated with 20 pg/mL F(ab'),
goat anti-human IgM. The results shown are representative of 4 independent experiments.

tyrosine-phosphorylated molecules downstream of the BCR that
could associate with the SH3 domains of CIN85. Specifically.
we focused on the 2 molecules, BLNK and c-Cbl, that function
as key positive and negative regulators of BCR signaling,'-!
respectively: both proteins can associate with the SH3 domains
of CINgS5.14-26

We first determined the association of Cbl and BLNK with
CINS85 using WT and SH3-deleted CIN85-expressing B cell lines.
Consistent with previous reports,'*2¢ WT CIN85 was constitutively
associated with ¢-Cbl and BLNK, and these associations were
increased after BCR stimulation (Figure 1A). Cbl-b was similarly
associated with WT CINS8S, albeit to a lesser extent. Although the
association of WT CIN85 and BLNK appeared modest, the inverse
immunoprecipitation of BLNK confirmed the association (Figure
1A). As expected, the association of Cbl and BLNK with CIN85
was abrogated in SH3-deleted CIN85-expressing B cells, suggest-
ing that the SH3 domains of CIN8S are required for its association
with Cbl and BLNK. Because the tyrosine phosphorylation of
¢-Cbl and BLNK is critical for their function,®?7 we next deter-
mined whether the overexpression of WT and SH3-deleted CIN85
affects BCR-induced phosphorylation of ¢-Cbl and BLNK. Com-
pared with control cells, WT and SH3-deleted CIN85 sustained and
inhibited ¢-Cbl phosphorylation, respectively (Figure 1B). In
addition, WT and SH3-deleted CIN85 inhibited and enhanced
BLNK phosphorylation, respectively (Figure 1B). These findings

suggest that CINBS associates with Cbl and BLNK and regulates
their phosphorylation in an opposite manner.

Forced CIN85 expression inhibits BCR-induced calcium flux
and the phosphorylation of Syk and PLCy2

We tested whether the overexpression of WT and SH3-deleted
CINS8S affects early BCR signaling. Syk phosphorylation, which
is one of the earliest events in BCR signaling, was inhibited in
WT CINB5-expressing cells, whereas it was sustained in
SH3-deleted CIN85-expressing cells (Figure 2A-B). Two en-
zymes, PLCy2 and PI3K, function as critical mediators down-
stream of BCR signaling.'>?® WT and SH3-deleted CIN85
partially inhibited and enhanced BCR-induced phosphorylation
of PLCv2, respectively (Figure 2A-B). In contrast, the phosphor-
ylation of Akt, which is a downstream molecule of PI3K. was
not affected in WT or SH3-deleted CIN85-expressing cells
(Figure 2A). Activated PLCvy2 converts PIP2 into IP3 and diacyl
glycerol, of which PIP2 is critical for calcium flux in B cells.!12
Consistent with the levels of PLCy2 phosphorylation, the
BCR-induced calcium flux was significantly inhibited in WT
CIN8S-expressing cells, whereas it was slightly sustained in
SH3-deleted CIN85-expressing cells (Figure 2C). These results
suggest that CINBS inhibits BCR-induced calcium flux and the
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phosphorylation of Syk and PLCy2. and that the SH3 domains
of CIN8S are required for its inhibitory function.

CIN85 knockdown enhances BCR-induced calcium flux and the
phosphorylation of Syk, Vav2, and PLCv2, leading to
augmented NF-AT activation and CD69 expression

To elucidate the role of endogenously expressed CIN8S in BCR
signaling, we generated CIN85-knockdown B cell lines. In contrast to
the CIN8S-overexpressing cells (Figures 1 and 2), CIN85-knockdown
cells exhibited enhanced phosphorylation of Syk, BLNK, and PLC~2
(Figure 3A-B). Akt phosphorylation was comparable between control
and CIN85-knockdown cells (Figure 3A). Consistent with the levels of
PLC~2 phosphorylation, BCR-induced calcium flux was accentuated in
CIN85-knockdown cells (Figure 3C). Vav2 positively regulates PLCy2
activation in B cells.? Vav2 phosphorylation was enhanced in CIN85-
knockdown cells (Figure 3D). These BCR signaling profiles in CIN85-
knockdown cells are reminiscent of those in c-Cbl/Cbl-b double-
knockout B cells.!"” The phosphorylation of ¢c-Cbl was significantly
inhibited in CIN85-knockdown cells (Figure 3E). BCR-induced cal-
cium flux plays a crucial role in the activation of the transcription factor
NE-AT, the disruption of which results in significant defects in B-cell
function.”” BCR-induced NF-AT activation was enhanced in CIN85-
knockdown cells (Figure 3F). In addition, BCR-induced up-regulation
of the activation marker CD69 was pronounced in CIN85-knockdown
cells (Figure 3G). These phenotypes in CIN85-knockdown cells were
again similar to those observed in Cbl-deficient B cells.!"” Given that
CINSS strongly associates with Cbl proteins (Figure 1A), these results
suggest that CINSS plays a vital role in Cbl-mediated regulation of BCR
signaling.

CIN85 promotes the ubiquitination and degradation of Syk in
B cells

Cbl proteins function as E3 ubiquitin ligases and target PTK
substrates, including Syk, for degradation.’'32 We thus tested
whether CINBS affects Syk ubiquitination in B cells. Syk ubiquiti-
nation was induced on BCR stimulation. Compared with control
cells, Syk ubiquitination was increased in WT CIN85-expressing
cells (Figure 4A). In contrast, an impairment in Syk ubiquitination
was noted in CIN85-knockdown cells (Figure 4A). These results
suggest that CIN8S positively regulates Cbl-mediated ubiquitina-
tion of BCR-signaling molecules including Syk. Despite the altered
levels of Syk ubiquitination, the level of total Syk protein was not
altered in the WT CIN85-expressing or CIN85-knockdown cells
throughout the stimulation (Figures 2A and 3A). Because only a
small pool of Syk is phosphorylated on stimulation and targeted for
degradation in B cells,’! we tested the degree of Syk phosphoryla-
tion among the total Syk immunoprecipitate. The levels of phosphor-
ylated Syk were reduced in WT CIN85-expressing cells but
enhanced in CIN85-knockdown cells (Figure 4B). suggesting that
CIN8S5 promotes Cbl-dependent loss of the phosphorylated pool of
Syk in B cells.

CIN85 does not affect BCR internalization

CIN8S regulates Cbl-mediated internalization of the EGFR in several
cell types other than B cells.'®!” To test whether CINSS affects BCR
internalization, we first monitored the levels of surface BCR expression
after stimulation. Without stimuli, the levels of surface BCR were
similar on CIN8S overexpression and CIN8S knockdown. In parental
cells, BCR crosslinking caused a rapid decrease in surface BCR levels,
suggesting that BCR was efficiently internalized after stimulation
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(Figure 5A; supplemental Figure 1A, available on the Blood Web site;
see the Supplemental Materials link at the top of the online article). BCR
internalization was not affected in the WT or SH3-deleted CINS5-
expressing cells. Moreover. the absence of endogenous CINSS did not
affect BCR internalization (Figure 5B, supplemental Figure 1A). Next,
we directly visualized BCRs in B cell lines using fluorescence micros-
copy. In control cells, the BCR complexes exhibited a slightly patchy
distribution before stimulation, and within 3 minutes after stimulation.
the BCRs formed polarized tight caps on the cell surface. After
10 minutes of BCR stimulation, a punctate pattern of internalized BCRs
was clearly visualized (Figure 5C). Consistent with the findings
obtained with flow cytometry (Figure SA-B), the spatial and temporal
distribution of BCR complexes in CIN85-overexpressing and CIN8S-
knockdown cells appeared similar to that in control cells (Figure 5C,
supplemental Figure 1B-C). These findings suggest that CIN85 does not
affect BCR internalization.

CIN85 knockdown enhances the survival, growth, and
differentiation of primary B cells

BCR signaling plays a critical role in determining the survival,
growth, and differentiation of B cells.! It was thus of interest to test
whether CIN8S affects B cell fate. A major obstacle, however, is
that the survival, growth, and differentiation of B cell cannot be
properly assessed in transformed B cells. We therefore sought to
knock down CINS85 expression in human primary B cells. After
introduction of the GFP-CIN85 knockdown vector, GFP-positive
B cells were sorted and used for further experimentation. Under
these conditions, we were able to knock down the CIN85 mRNA
expression in B cells by 60%-80% (Figure 6A).

We first tested whether CIN85 knockdown affects the expres-
sion of the B-cell survival-associated genes BcLxL and Al.
Consistent with previous studies,® BCR stimulation induced
BcLxL and A1 mRNA expression in control cells. This induction
was far more drastic in CIN85-knockdown B cells (Figure 6A). The
costimulation of TLR9 with its ligand CpG enhances BCR-induced
expression of B-cell survival genes.* This enhancement was less
evident in CIN85-knockdown cells than in control cells (Figure
6A). suggesting that CIN85 knockdown requires less costimulation
for the full induction of B-cell survival genes. Consistent the
findings for the transcript levels, the BCR-induced expression of
BeLxL protein was more pronounced in CIN85-knockdown cells
(Figure 6B). We also tested whether CIN85 knockdown affects
BCR-induced death of B cells using the annexin-binding assay. The
CIN85-knockdown cells exhibited less BCR-induced cell death
(Figure 6C). We next tested whether CIN8S5 knockdown affects the
expression of the B-cell growth-associated genes cyclin D2 and
myc. Again, BCR-induced expression of these genes was more
pronounced in CIN85-knockdown cells (Figure 6A), and costimu-
lation with TLR9 did not enhance induction compared with the
control cells. Consistent with the findings for the transcript levels,
BCR-induced expression of cyclin D2 protein was more pro-
nounced in CIN85-knockdown cells (Figure 6B). We also tested
whether CIN85 knockdown affects B-cell growth using the BrdU
uptake assay. Consistent with the expression levels of cyclin D2
and myc, CIN8S knockdown enhanced BCR-induced cell growth
(Figure 6D). On activation, B cells undergo plasma cell differentia-
tion along with the expression of critical differentiation-associated
genes such as Blimp-1 and Xbp-1. Consistent with previous
studies,” BCR stimulation alone was not sufficient to induce the
expression of Blimp-1 and Xbp-1 in human B cells (data not
shown). However, the combined stimulation of BCR and TLR9
clearly induced the expression of these genes in control cells,
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Figure 3. CIN85 knockdown enhances BCR-induced calcium flux and phosphorylation of Syk, Vav2, and PLCv2, leading to augmented NF-AT activation and CD69
expression. (A-B) Stable control and CIN85-knockdown BJAB cells were stimulated with 20 pg/mL F(ab') » goat anti-human IgM for the indicated time periods. The cell
lysates were subsequently separated on a 10% SDS-PAGE gel and analyzed by Western blotting with anti-phospho-Syk pAb, anti-Syk mAb, anti-phospho-BLNK mAb,
anti-BLNK mAb, anti-phospho-PLC+2 pAb, anti-PLC+2 pAb, anti-phospho-Akt pAb, anti-Akt pAb, or anti-CINB5 mAb. The resulting values are expressed as fold changes in
protein expression compared with unstimulated control cells. The values are the mean = SD of 3 independent experiments (*P < .05, **P < .01 vs controls). (C) Ca?* influx in
stable control and CINB5-knockdown BJAB cells. Intracellular free calcium levels in Fluo 4/AM-loaded cells were analyzed using flow cytometry after the cells were stimulated
with 20 pg/mL F(ab'): goat anti-human IgM. The results shown are representative of 4 independent experiments. (D-E) Stable control and CIN85-knockdown BJAB cells were
stimulated with 20 pg/mL F(ab’); goat anti-human IgM for the indicated time periods. Immunoprecipitates with anti-Vav2 or anti~c-Cbl mAb were separated on a 10%
SDS-PAGE gel and analyzed by Western blotting with anti-phosphotyrosine mAb, anti-Vav2 mAb, or anti-c-Cbl mAb. The resulting values are expressed as fold changes in
protein expression compared with unstimulated control cells. The values are the mean = SD of 3 independent experiments (*P < .05, **P < .01 vs controls). (F) Stable control
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whereas this induction was more pronounced in CIN85-knock-
down B cells (Figure 6E). Consistent with the findings for the
transcript levels, BCR stimulation alone did not induce detectable
levels of Blimp-1 protein. However, the combined stimulation of
BCR and TLRY clearly induced the expression of the Blimp-1
protein in control cells, although this was more pronounced in
CIN85-knockdown cells (Figure 6F). These results suggest that
CINSS is required for Cbl-mediated regulation of BCR signaling
and downstream events such as the survival, growth, and differen-
tiation of human B cells.

Discussion

We demonstrated here that CINSS functions as a novel adaptor to
regulate proximal BCR signaling. Gain-of-function and loss-of-
function experiments revealed that CIN85 not only enhances
BCR-induced ¢-Cbl phosphorylation but also inhibits BCR-
induced calcium flux and the phosphorylation of Syk and PLCvy2.
CINS85 promotes c-Cbl-dependent ubiquitination and degradation
of Syk, which is a key upstream kinase that propagates BCR
signaling by phosphorylating downstream molecules including
PLC~2. Because Cbl proteins directly associate with Syk and
inhibit its function,® it is probable that CIN85 acts as a critical
scaffolding adaptor for Cbl proteins and is indispensable for
Cbl-mediated regulation of Syk activation in B cells.

Consistent with our findings, a critical role of CINS85 in
Cbl-mediated regulation of Syk activation was recently shown in
FceRI signaling in mast cells.?! In mast cells, CIN85 enhances
c-Cbl-mediated ubiquitination and the degradation of Syk pro-
tein.! In B cells, however, CIN8S overexpression significantly
increased Syk ubiquitination (Figure 4), but CIN8S5 knockdown did
not alter the total levels of Syk protein throughout stimulation
(Figure 3A), as previously shown in ¢-Cbl/Cbl-b double-knockout
B cells.'” This apparent discrepancy in Syk degradation between

mast cells and B cells could be explained by the findings of Rao
et al.’! who showed that on BCR stimulation, only a small portion
of Syk is phosphorylated and then degraded by ¢-Cbl. Rao et al also
showed that c-Cbl does not directly affect the catalytic activity of
Syk.*' Consistent with these findings, our study showed that CIN85
promotes c-Cbl-mediated ubiquitination and degradation of the
phosphorylated pool of Syk (Figure 4A-B).

What, then, are the possible mechanisms by which CINSS
enhances BCR-induced c-Cbl phosphorylation in B cells? Src-
family PTKs and Syk are proposed to phosphorylate ¢-Cbl on
tyrosines.® We previously showed that CIN8S directly interacts
with the SH3 domain of Src-family PTKs including Lyn.'7 In
addition, CINSS directly associates with BLNK, PLCvy and Vav, all
of which are direct Syk interactors,'’% and thus, CIN8S is
indirectly associated with Syk via binding to BLNK. PLCy. and
Vav. In view of these findings, it seems probable that CIN85 acts as
a key scaffolding adaptor that permits the spatial proximity of
Sre-family PTKs. Syk, and Cbl proteins and thus facilitates their
phosphorylation of Cbl proteins.

Although CIN8S appears to function in concert with Cbl
proteins to regulate BCR signaling, an additional mechanism is
possible. Previous in vitro binding experiments showed that CIN8S
directly binds to Src-family tyrosine kinases, PLCry, p85 PI3K,Vav,
Btk, and SHIP, all of which are involved in BCR signaling, through
its SH3 domains and proline-rich region.!32*25 [n addition. a recent
study showed that the SH3 domains of CINSS could uniquely bind
to ubiquitin.’” Thus, after various BCR-signaling molecules are
ubiquitinated by Cbl proteins on stimulation. the competition
between canonical SH3 ligands and ubiquitin binding to CIN8S
may affect BCR signaling in a temporal and spatial manner.
Therefore, it is probable that CIN8S also directly regulates BCR
signaling by a Cbl-independent mechanism.

A recent study using liquid chromatography-coupled tandem
mass spectrometry showed that 3 SH3 domains of CINB8S could
recruit protein molecules required for the proper formation and

Figure 3 (continued) and CIN85-knockdown BJAB cells transfected with the NF-AT luciferase reporter construct were stimulated with graded doses of F(ab’); goat
anti-human IgM for 8 hours and lysed, and the luciferase activity was assayed using a luminometer. The relative luciferase activity of the medium and BCR-stimulated cells was
expressed with respect to that of the PMA/ionomycin stimulation. The results were presented as the mean and SEM of triplicate cultures. One experiment representative of
4 independent experiments is shown (*P < .05 vs controls). (G) Stable control and CIN85-knockdown BJAB cells before and after stimulation with 20 pg/mL F(ab’); goat
anti-human IgM (3 and 5 hours) were analyzed for surface expression of CD69. One experiment representative of 3 independent experiments is shown (**P < .01 vs controls).
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Figure 5. CIN85 does not affect BCR internalization. (A) BJAB cells (control and stable transformants expressing either WT or SH3-deleted CINB5) and (B) BJAB cells
(control and CINBS-knockdown) were incubated at 4°C with F(ab’), goat anti-human IgM for 30 minutes. The cells were washed, warmed to 37°C for the indicated time
intervals, stained at 4°C for 30 minutes with a FITC-labeled anti-goat 1gG pAb, and analyzed by flow cytometry. The results are expressed as the percentage of surface BCRs
remaining. The data are presented as the average and SEM of 3 independent experiments. (C) Control BJAB cells, stable transformants expressing either WT or SH3-deleted
CINB5, and CIN85-knockdown BJAB cells were incubated at 4°C with 20 pg/mL F(ab'}, goat anti-human IgM for 30 minutes. The cells were washed and warmed to 37°C for
the indicated time periods. The cells were fixed, permeabilized, stained with a FITC-labeled anti-goat 1gG pAb, and analyzed by fluorescence microscopy. The images shown

are representative of 3 independent experiments.

function of coated vesicles.” Similarly, early studies showed a
characteristic feature of CINS85 in the formation of clathrin-coated
vesicles during the internalization of RTKs such as EGFRs in
nonimmune cells.'®!1Y Brain-specific CIN85-deficient mice mani-
fest impaired internalization of D2 dopamine receptors, which
belong to the 7-transmembrane G protein-coupled receptor super-
family.® In addition, CIN85 facilitates ligand-induced FceRI
internalization in RBL-2H3 mast cell lines.”” Because BCR
internalization is regulated via a clathrin-dependent pathway. it
was of interest to determine whether CIN85 regulates BCR
internalization. Our study, however, shows that CIN85 does not
affect BCR internalization (Figure 5, supplemental Figure 1).
These data are somewhat surprising, given that Cbl proteins control
BCR internalization by a ubiquitin-dependent mechanism.!"4"
However, the role of Cbl proteins in BCR ubiquitination and
internalization is still rather controversial. The HECT family
member Itch, but not ¢-Cbl, is an E3 ubiquitin ligase that is
involved in BCR ubiquitination.*! In addition. the ubiquitination of
IgB, which is a component of BCR, does not facilitate BCR
internalization but is required for the sorting of early endosomes
and for trafficking into late endosomes,*! which suggests that BCR
ubiquitination is more critical at the later stage of its trafficking.
Because our imaging analysis (Figure 5C) cannot clearly distin-
guish the spatial distribution of early and late endosomes, it is of
great interest to test whether CINS8S affects postendocytotic BCR
trafficking. A recent study showed that in human neutrophils,
CIN85 modulates c-Cbl-mediated down-regulation of FcyRlla in
the later stages of receptor trafficking without affecting the
internalization of this receptor.??

During the submission of this paper, 2 studies were published
that, in contrast to our findings. showed that CIN85 positively
regulates BCR signaling in mouse and chicken B cells.*>#3 These
studies found that CIN8S associates with BLNK and regulates
BCR-induced NF-kB activation. However, the detailed profiles of
BCR signaling differ between the 2 studies: the BCR-induced
phosphorylation of BLNK and PLCy2 and the calcium flux are
significantly decreased on the loss of CIN8S in chicken B cells,
whereas they are apparently normal in CIN85-deficient mouse
B cells.*243 [t should be noted that the former study did not actually
use CIN85-deficient cells; rather, it used cells expressing a mutant
BLNK that failed to bind to CIN85 or its homolog CD2AP.*
Although these findings are intriguing, it is rather surprising that
Cbl-mediated function of CIN8S in B cells was barely investigated
in these studies. As previously mentioned, it is becoming evident
that Cbl proteins play a critical role in the function of CINS8S in
immune cells.?’? In addition, BCR-induced association of CIN8S
with ¢-Cbl was recently shown even in mouse B cells.* We thus
find that in human B cells, CIN85 negatively regulates BCR
signaling via a Cbl-dependent mechanism. Our data obtained using
CIN85-knockdown primary B cells also support this hypothesis.
The molecular reason underlying the apparent discrepancy between
our study and the aforementioned ones*#* remains unclear. One
possibility, however, is that the relative contribution of CIN83-
binding partners varies depending on the source of B cells used. In
human B cells, Cbl proteins seem to preferentially associate with
CIN85 over BLNK (Figure 1A). Notably, we found that CD2AP
seems to preferentially associate with BLNK over ¢-Cbl in human
B cells (supplemental Figure 2). It is therefore of potential interest
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Figure 6. CIN85 knockdown enhances the survival, growth, and differentiation of primary B cells. (A) Control and CIN85-knockdown primary B cells were incubated for
24 hours in medium containing F(ab'), goat anti-human IgG/IgA/IgM («lg, 20 pg/mL) or «lg plus CpG (1pM), and CIN85, BelxL, A1, cyclin D2, and myc mRNA levels were
quantified by real-time PCR. The data are normalized to the expression of 18S rBMA. The results shown are representative of 3 independent experiments (*P < .05, **P < .01
vs controls). (B) Control and CIN85-knockdown primary B cells were incubated for 24 hours in the absence or presence of F(ab'); goat anti-human IgG/igA/igM (alg,
20 pg/mL). The cell lysates were subsequently separated on a SDS-PAGE gel and analyzed by Western blotting with anti-BelxL mAb, anti-cyclin D2 pAb, or anti-B-actin mAb.
The resulting values are expressed as fold changes in protein expression compared with nonstimulated control cells. The values are the mean = SD of 3 independent
experiments (**P < .01 vs controls). (C) Control and CINB5-knockdown primary B cells were incubated for 48 hours in the absence or presence of F(ab'); goat anti-human
IgG/IgA/IgM (alg, 20 pg/mL). After culture, the cells were stained with PE-labeled annexin V and analyzed using flow cytometry. The percentages of annexin-positive cells are
shown. A representative histogram of 3 independent experiments is shown. (D) Control and CIN85-knockdown primary B cells were incubated for 48 hours in the absence or
presence of F(ab’), goat anti-human IgG/igA/igM (alg, 20 pg/mL). After culture, the cells were pulsed with BrdU, and its incorporation was detected by incubation with
anti-BrdU mAb, followed by rhodamine-conjugated anti-mouse Ab. A representative histogram of 3 independent experiments is shown (**P < .01 vs controls). (E) Control and
CINB5-knockdown primary B cells were incubated for 48 hours in the absence or presence of F(ab'); goat anti-human IgG/IgA/igM (alg, 20 pg/mL) and CpG (1pM), and
quantitation of Blimp-1 and Xbp-1 mRNA by real-time PCR was carried out. The data are normalized to the expression of 18S rRNA. The results shown are representative of
3 independent experiments (*F < .05 vs controls). (F) Control and CINB5-knockdown primary B cells were incubated for 48 hours with or without F{ab’). goat anti-human
1gG/igA/igM (alg, 20 pg/mL) in the absence or presence of CpG (1puM). The cell lysates were subsequently separated on a SDS-PAGE gel and analyzed by Western blotting
with anti-Blimp-1 mAb or anti-B-actin mAb. The resulting values are expressed as fold changes in protein expression compared with unstimulated control cells. The values are
the mean = SD of 3 independent experiments (**P < .01 vs controls).

to compare the roles of CIN85 and CD2AP in the function of generally insufficient for the full activation of B cells, rendering
human B cells. them susceptible to apoptosis and anergy. However, when the

BCR signals play a pivotal role in the survival. growth, and negative regulation of BCR signaling is compromised, unwanted
differentiation of B cells."? Under physiologic conditions, BCR B cells could grow and survive, thereby potentially leading to
signaling is fine-tuned by positive and negative regulators and is  autoimmunity and B-cell malignancies. This study showed that
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CIN85 knockdown in primary B cells causes full activation of
B cells and enhances BCR-induced survival and growth via the
increased expression of BcLxL, A1, cyclin D2, and myc (Figure 6).
Given that Cbl proteins are critical for B-cell anergy.!” CIN85 may
cooperate with Cbl proteins to function as a key negative regulator
for BCR signaling and to maintain self-tolerance. It is thus of
interest to determine whether the expression and/or function of
CINSS could be altered in human autoimmune diseases such as
SLE. Surprisingly, CLL cells from advanced-stage patients exhibit
hypophosphorylation of ¢-Cbl,!! as seen in CIN85-knockdown
cells. The manipulation of CIN85 expression may therefore
provide a novel strategy to control aberrant cell growth and
survival in B-cell malignancies.
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Abstract

Background Patients with systemic lupus erythematosus
(SLE) are at risk of atherosclerosis. An increased carotid
intima—media thickness (IMT) is considered to be a marker
of early atherosclerosis.

Objective To determine influential factors for increased
carotid IMT in SLE patients.

Methods We evaluated the impact of conventional risk
factors for atherosclerosis on carotid IMT in 427 healthy
controls and of clinical factors on carotid IMT in 94 SLE
patients. Carotid IMT was measured by using a newly
developed computer-automated system. Unconditional
logistic regression was used to assess the adjusted odds
ratios (ORs) and 95 % confidence intervals (95 % CI).
Results Multivariate-adjusted mean carotid IMT (mm)
was significantly reduced in SLE patients (0.51, 95 %
CI = 0.36-0.66) compared to healthy controls (0.55, 95 %
CI = 0.40-0.70) (P = 0.003). The SLE Disease Activity
Index (SLEDAI) was associated with carotid IMT in a
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dose-dependent manner (Pyenq = 0.041). The current
use of cyclosporine A (adjusted OR = 0.02, 95 %
CI = 0.01-0.40, P = 0.011) and a history of steroid pulse
therapy (adjusted OR = 0.01, 95 % CI = 0.01-0.25,
P = 0.006) were significantly associated with a decreased
risk of increased carotid IMT.

Conclusions Our findings suggest that the current use of
cyclosporine A can protect against increased carotid IMT,
leading to a decreased risk of arteriosclerosis. Future
studies with a larger sample size need to confirm that this
association holds longitudinally.

Keywords Cyclosporine A - Carotid intima—media
thickness - Systemic lupus erythematosus - Risk factor

Introduction

Systemic lupus erythematosus (SLE) exhibits a bimodal
pattern of mortality, where early deaths are caused by
uncontrolled disease activity, while later deaths are mostly
attributed to cardiovascular complications [1]. Subsequent
follow-up studies have demonstrated that the incidence of
coronary artery disease in women with SLE is five to nine
times higher compared with the general population [2-4].
These data indicate that there is a strong association
between SLE and cardiovascular diseases. As the main
etiological cause of cardiovascular diseases can be attrib-
uted to atherosclerosis, the assessment of risk factors for
atherosclerosis is important for the control of morbidity
and mortality in SLE.

The status of atherosclerosis has been assessed by a
number of surrogate markers. The structural markers
include such measures as carotid intima—media thickness
(IMT) and the presence of plaques, while functional

@ Springer
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markers are for example pulse wave velocity and flow-
mediated dilatation of arteries. Among the measures, most
of longitudinal studies have demonstrated the usefulness of
carotid IMT in predicting future vascular events including
myocardial infarction and stroke, which was confirmed by
a recent meta-analysis [5]. Carotid IMT evaluated by
B-mode ultrasonography has become a simple and non-
invasive measure for early atherosclerosis. However,
carotid IMT has some difficulties in accuracy and repro-
ducibility, because it is evaluated by the manual eye-
measurement method, usually at only three sites each of the
carotid arteries. To resolve these problems, a new com-
puter-automated system using Intimascope® software was
developed, which enabled the averaging approximately 250
points in 2 cm of carotid artery, therefore being highly
useful in carotid IMT measurement [6, 7].

We here compared conventional risk factors for athero-
sclerosis, including carotid IMT measured by using the newly
developed computer-aided system, in a case control study
including 92 SLE patients and 184 healthy controls in a female
Japanese population. In addition, we evaluated the impact of
conventional factors for atherosclerosis on carotid IMT in 427
healthy controls (both sexes) and the impact of clinical status
and treatment on carotid IMT in 92 SLE patients.

Patients and methods
Patients and controls

The 92 patients with SLE enrolled in the study were all
women and fulfilled the American College of Rheumatol-
ogy classification criteria for SLE, followed at the
Department of Medicine and Biosystemic Science, Kyushu
University, from 2007 to 2008. Controls (243 men and 184
women) were recruited from the Human Dry Dock Center,
Wellness (Fukuoka, Japan), for a routine health evaluation
in September, 2002. Blood samples were obtained from
SLE patients and healthy controls in a fasting state. Serum
concentrations of total cholesterol (T-chol), triglyceride,
HDL cholesterol (HDL-chol), fasting blood sugar (FBS),
glycosylated hemoglobin (HbA,:.) and high-sensitivity
C-reactive protein (CRP) were measured. Serum concen-
trations of LDL cholesterol (LDL-chol) were calculated by
the Friedewald formula [8]. The details of the control
group were reported elsewhere [6]. Disease activity was
measured by the SLE disease activity index (SLEDAI)[9]
and damage by the Systemic Lupus International Collab-
orating Clinics/American College of Rheumatology Dam-
age Index (SDI) [10]. Part of the data has been reported
previously [6]. All individuals were Japanese. The study
protocol was approved by our institutional review board,
and all participants provided written informed consent.

@ Springer

Statistical analysis

Comparison of means and proportions between two groups
was done by 7 test and 7> test, respectively. Among three
groups, P values were calculated by analysis of covariance
and were adjusted by use of the Bonferroni correction. The
trend of association between clinical status and carotid
IMT was assessed by a regression model assigning ordinal
scores to the levels of the independent variable. Uncondi-
tional logistic regression was used to compute the odds
ratios (ORs) and their 95 % confidence intervals (Cls) with
adjustments for several covariates. A continuous variable
was used for age, and the remaining covariates were treated
as a categorical variable. Multicollinearity among all
independent variables was evaluated by Pearson correla-
tion. The covariates were basically categorized into three
categories using tertiles in the controls as cutoff points. The
distribution of CRP concentrations was skewed to the right,
and natural logarithms of these values were used in the
statistical analysis. The cumulative steroid dose was esti-
mated using the equation 1/2 (maximum steroid
dose + current steroid dose) x (the duration of adminis-
tration). Body mass index (BMI, kg/mz) was classified into
three groups (<19.8, 19.9-21.4 and >21.5); FBS (mg/dl)
into three groups (<86, 87-92, >93); carotid IMT (mm)
into three groups (<0.50, 0.51-0.57 and >0.58); T-chol
(mmol/l) into three groups (<190, 191-217 and >218);
DBP (mmHg) into three groups (<57, 58-65 and >66) and
CRP (mg/dl) into three groups (<0.016, 0.017-0.045 and
>(.046). The estimated steroid dose (g) was categorized
into two groups (<127.75 and >127.75); SLEDAI into
three groups (0-2, 3-5 and =>6) and SDI into two groups
(0-1 and >2). When multicollinearity exists, the standard
errors for the coefficients tend to be very large, inflating the
standard errors of the regression coefficients, which in turn
become unreliable. Triglycerides, HDL-chol and LDL-chol
were significantly related to and suspected to have multi-
collinearity with total cholesterol [r = 0.35 (P < 0.001),
r=0.12 (P =0.017) and r = 0.81 (P < 0.001), respec-
tively] in healthy controls. HbA . was excluded from the
multivariate analysis because of the collinearity between
FBS and HbA,. (r = 0.83, P < 0.001). Similarly, we did
not include SBP in multivariate models because of collin-
earity between DBP and SBP (r = 0.84, P < 0.001). We
also excluded body fat (%) because of collinearity between
BMI and body fat (r = 1.00, P < 0.001). Lastly, disease
duration was excluded from the multivariate analysis
because of high correlation with age (r = 0.60,
P < 0.001).

All statistical analyses were performed using the com-
puter program STATA version 12.1 (STATA Corp., Col-
lege Station, TX, USA). All P values were two-sided, with
those less than 0.05 considered statistically significant.
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Results

Table | shows a comparison of the risk factors for ath-
erosclerosis between SLE patients and healthy controls in a
female Japanese population. The mean age of SLE patients
(43.7, 95 % CI = 41.0-46.4) was not significantly differ-
ent from that of controls (45.7, 95 % CI = 44.5-47.0;
data not shown). Female SLE patients (20.0, 95 %
CI = 15.1-25.0) showed significantly lower BMIs than
female healthy controls (21.3, 95 % CI = 16.4-26.2;
P = 0.004). DBP (mmHg) (P < 0.0001) was significantly
higher in SLE patients (75.5, 95 % CI = 58.4-92.6) than
in healthy controls (64.0, 95 % CI = 47.0-80.9), while

Table 1 Comparison of risk factors for atherosclerosis between SLE
patients and healthy controls in a female Japanese population

carotid IMT (P = 0.003) was significantly lower in SLE
patients (0.51 mm, 95 % CI = 0.36-0.66) compared to
healthy controls (0.55 mm, 95 % CI = 0.40-0.70). SLE
patients showed marginally lower T-chol (P = 0.064) and
marginally higher CRP (P = 0.059) than healthy controls.

Comparison of selected characteristics between healthy
subjects in the highest quartile of carotid IMT (=>0.63 mm)
and those in the remaining three quartiles (<0.63 mm) is
shown in Table 2. Subjects in the highest quartile showed
higher age (P < 0.001), prevalence of male sex (P =
0.002), and levels of FBS (P = 0.001), T-chol (P =
0.005), LDL-chol (P < 0.001), HbA,. (P < 0.001), CRP
(P = 0.001), BMI (P < 0.001), DBP (P < 0.001) and SBP
(P < 0.001) than those in the remaining three quartiles. In
contrast, the HDL-chol level was significantly lower in
subjects in the highest quartile than in those in the
remaining three quartiles (P = 0.005).

Detailed characteristics of our SLE patients including
the number of each treatment, average and cumulative
steroid dose, and disease duration are demonstrated in
Table 3. Table 4 shows the association between disease
activity or disease damage and carotid IMT in SLE
patients. After adjustment for age, FBS, BMI, T-chol, DBP

Table 2 Comparison of selected characteristics between healthy
subjects in the highest quartile of carotid IMT and those in the

remaining three quartiles

Highest Remaining three P

quartile” quartiles

(n=99) (n = 328)
Age (years) 53.1 (51.4-54.7) 450 (44.1-459) <0.001
Male sex, n (%) 70 (70.7) 173 (52.7) 0.002
Prevalence of smokers, 29 (36.3) 76 (27.4) 0.128

n (%)°
Prevalence of drinkers, 74 (74.8) 235 (71.9) 0.574
n (%}h

FBS (mg/dl) 102 (94.7-107)  94.8 (92.9-96.7)  0.001
T-chol (mmol/1) 213 (206-221) 203 (199-206) 0.005
HDL-chol (mmol/l) 54.6 (51.9-57.3) 59.3 (57.7-60.9)  0.005
LDL-chol (mmol/l) 133 (126-139) 120 (117-123)  <0.001
Triglycerides (mmol/1) 131 (112-151) 119 (107-130) 0.296
HbA,. (%) 5.14 (4.96-5.33) 4.82 (4.76-4.88) <0.001
CRP (mg/dl)* 0.04 (0.04-0.05) 0.03 (0.03-0.03)  0.001
BMI (kg/m?) 24.2 (23.5-249) 222 (21.9-22.6) <0.001
Body fat (%) 25.2 (24.1-26.3) 24.0(23.5-24.6) 0.057
DBP (mmHg) 77.1 (68.9-73.4) 66.9 (65.8-68.0) <0.001
SBP (mmHg) 119 (115-122) 112 (110-113)  <0.001

SLE patients Female controls P
(n =92) (n = 184)

BMI (kg/m®)
Crude 21.1 (20.5-21.6) 21.1 (20.7-21.5) 0.874
Age-adjusted 21.1 (20.6-21.7) 21.1 (20.7-21.5) 0.876
Multivariate-  20.0 (15.1-25.0) 21.3 (16.4-26.2) 0.004
adjusted”

T-chol (mmol/1)
Crude 197 (190-205) 205 (200-210) 0.105
Age-adjusted 199 (193-206) 204 (199-209) 0.267
Multivariate- 195 (134-257) 206 (144-267) 0.064
adjusted”

FBS (mg/dl)
Crude 89.8 (85.5-94.0) 91.9 (89.4-94.3) 0.397
Age-adjusted 89.9 (85.7-94.1) 91.7 (89.3-94.1) 0.467
Multivariate- 88.1 (55.6-121) 92.6 (60.3-125) 0.119
adjusted®

CRP (mg/dl)”
Crude 0.04 (0.03-0.06) 0.02 (0.02-0.03) 0.004
Age-adjusted  0.05 (0.03-0.06) 0.02 (0.02-0.03)  <0.0001
Multivariate- 0.04 (0.03-0.05) 0.02 (0.02-0.03) 0.059
adjusted®

DBP (mmHg)
Crude 74.5 (72.6-76.4) 64.0 (62.6-65.3) <0.0001
Age-adjusted  74.9 (73.0-76.7) 63.8 (62.5-65.1)  <0.0001
Multivariate- 75.5 (58.4-92.6) 64.0 (47.0~-80.9) <0.0001
adjusted®

Carotid IMT (mm)
Crude 0.52 (0.50-0.54) 0.55 (0.54-0.56) 0.007
Age-adjusted 0.52 (0.51-0.54) 0.55 (0.53-0.56) 0.027
Multivariate- 0.51 (0.36-0.66) 0.55 (0.40-0.70) 0.003
adjusted”

BMI body mass index, T-chol total cholesterol, FBS fasting blood
sugar, CRP high-sensitivity C-reactive protein, IMT intima-media
thickness

* Adjusted for age, FBS, BMI, IMT, T-chol, DBP and CRP

" Geometric mean

IMT intima-media thickness, FBS fasting blood sugar, T-chol total
cholesterol, HbA,;. glycosylated hemoglobin, CRP high-sensitivity
C-reactive protein, BMI body mass index

* Mean IMT >0.63 mm
® Several observations with missing values
¢ Geometric mean
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and CRP, SLE patients with the highest SLEDAI (6+)
showed a significantly higher carotid IMT [0.57 mm (95 %
CI = 0.44-0.68) vs. 048 mm (95 % CI = 0.36-0.59)]
than patients with the lowest SLEDAI (0-2) (P = 0.027,
ANCOVA followed by the Bonferroni test). SLEDAI was
associated with carotid IMT in a dose-dependent manner
(Prena = 0.041). SDI was not associated with carotid IMT,
however.

The ORs of increased carotid IMT (>0.5 mm, above
median) in relation to treatment for SLE are shown in
Table 5. Multivariate-adjusted OR of increased carotid
IMT for current users of cyclosporine A versus nonuser of

Table 3 Detailed characteristics of SLE patients

Variable Mean (range) or n (%)
Age (years) 43.74 (18-77)
Age at diagnosis (years) 29.93 (10-68)
Disease duration (years) 14.12 (0-35)
SLEDAI 4.11 (0-16)
SDI 1.08 (0-4)
Cumulative steroid use (g) 128.52 (0-347.48)
Past user of cyclosporine A 18 (19.57)
Current user of cyclosporine A 13 (14.13)
Past user of cyclophosphamide 15 (16.30)
Current user of cyclophosphamide 0 (0.00)
Current user of tacrolimus 8 (8.70)
Current user of statins 26 (28.26)
Current user of NSAIDs 36 (39.13)
Current user of warfarin 15 (16.30)
Current user of CaB 19 (20.65)
Current user of ARBs 23 (25.00)
Having a history of steroid pulse therapy 20 (21.74)

cyclosporine A was 0.02 (95% CI = 0.01-0.40,
P = 0.011). Similarly, the patients who had a history of
steroid pulse therapy revealed a reduced risk of increased
carotid IMT (OR =0.01, 95% CI = 0.01-0.25,
P = 0.006). In contrast, current use of NSAIDs was mar-
ginally associated with an increased risk of increased car-
otid IMT (OR = 0.56, 95 % CI = 0.97-32.3, P = 0.054).
The remaining treatment factors were not associated with
the risk of increased carotid IMT.

Discussion

The mechanism of accelerated atherosclerosis in SLE is
unclear. It is likely to be due to conventional risk factors,
factors related to the disease itself and/or treatment fac-
tors for SLE. In this study, female SLE patients showed
significantly lower BMIs than female healthy controls
(P = 0.004). Based on data from the National Health and
Nutrition Survey in Japan in 2008, the mean BMI among
women in their 40s has been reported to be 22.2 [11].
BMI was lower in our healthy controls than in the female
general population. Although SLE patients have a higher
prevalence of obesity [12], the mean BMI was similar
between SLE patients and healthy controls [12, 13].
Although little is known about the effects of obesity in
SLE patients, SLE patients were instructed to lose weight
because they are at risk of atherosclerosis. As a result,
BMI can be decreased in SLE patients. SLE patients
showed marginally lower T-chol (P = 0.064). This was
just as valid for T-chol. Multivariate-adjusted mean of
CRP was marginally higher in SLE patients than in
healthy controls (P = 0.064). It has been reported that
modest CRP elevation is common in SLE patients [14].

Table 4 Association between

clinical status and carotid IMT .
Clinical status n

Mean carotid IMT (95 % CI), mm

Crude P Adjusted® P
SLEDAI
0-2 44 0.49 (0.47-0.52) 0.48 (0.36-0.59)
3-5 21 0.52(0.50-0.54) | 0.025  0.52(0.41-0.64) | 0.027
6+ 27 0.55 (0.52-0.58) 0.57 (0.44-0.68)
Pirena < 0.0001 Piena = 0.041
SDI
CI confidence interval, 0-1 64 0.51(0.48-0.53) 0.51 (0.37-0.65)
IMT intima—-media thickness
2+ 28 0.54 (0.51-0.57) 0.070 0.51 (0.37-0.65) 0.719

* Adjsuted for age, FBS, BMI,
T-chol, DBP and CRP
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Table 5 Multivariate-adjusted ORs (95 % CI) of increased carotid
IMT (>0.5 mm) in relation to treatment for SLE

Treatment
factor

OR (95 % CI)

Crude P Adjusted” P

Past use of cyclosporine A

Positive vs. 0.46 (0.16-1.32) 0.147 1.26 (0.19-8.15) 0.811
negative

Current use of cyclosporine A
Positive vs. 0.12 (0.02-0.57) 0.008 0.02 (0.01-0.40) 0.011
negative

Past use of cyclophosphamide
Positive vs. 1.31 (0.43-4.06) 0.632 0.21 (0.02-2.63) 0.226
negative

Current use of tacrolimus
Positive vs. 0.83 (0.19-3.53  0.796 0.69 (0.07-7.22) 0.759
negative

Cumulative steroid use (g)
>127.75 vs. 232 (1.00-5.39) 0.050 2.44 (0.46-12.9) 0.295
0-127.75

Current use of statins
Positive vs. 1.89 (0.74-4.84) 0.185 0.34 (0.04-2.89) 0.321
negative

Current use of NSAIDs
Positive vs. 1.30 (0.56-3.03) 0.539 5.60 (0.97-32.3) 0.054
negative

Current use of warfarin
Positive vs. 0.69 (0.23-2.10) 0.515 0.57 (0.06-4.95) 0.607
negative

Current use of CaB
Positive vs. 2.88 (0.94-8.82) 0.064 1.40(0.23-8.44) 0.530
negative

Current use of ARBs
Positive vs. 3.09 (1.09-8.77) 0.034 2.04 (0.22-18.9) 0.720
negative

History of steroid pulse therapy

Positive vs. 0.27 (0.09-0.79) 0.017 0.01 (0.01-0.25) 0.006

negative

OR odds ratio, CI confidence interval, /MT intima—media thickness,
NSAIDs non-steroidal anti-inflammatory drugs, CaB calcium blocker,
AB angiotensin receptor blockers

* Adjusted for age, DBP, BMI, T-chol, CRP and SLEDAI

It is generally accepted that CRP levels less than 0.3 mg/
dl (range 0-1 mg/l) are considered normal [14, 15].
Therefore, mean CRP levels of SLE patients remain
within the normal range. DBP was significantly higher in
SLE patients than in healthy controls (P < 0.0001). Based
on data from the National Health and Nutrition Survey in
Japan in (2008), the mean DBP among women in their
40s has been reported to be 76 mmHg [11]. DBP was
somewhat lower in our SLE patients (74.5 mmHg) than in
the general female population (76 mmHg). As the means
of BMI, T-chol, FBS and DBP were lower in our female

controls than in the female general population, our con-
trols (health checkup examinees) are possibly healthier
than the general population. Health check examinees are
concerned with the maintenance and promotion of their
health (self-selection bias). Unexpectedly, carotid IMT
was significantly lower in SLE patients compared to
healthy controls (P = 0.003). As discussed previously, the
difference in carotid IMT may become more exaggerated
when our SLE patients and female general population are
compared. Roman et al. [16] also reported that carotid
IMT was significantly less in SLE patients than controls.
Some studies reported that SLE patients had a greater
carotid IMT than population controls [17-20], while other
studies found no significant difference between the two
groups [21-25]. A considerable number of factors such as
the carotid IMT measurement method, study population
characteristics and disease activity may explain this
unanticipated discrepant result. In this study, we used a
newly developed computer-automated system that pro-
vided more accurate IMT data compared to the conven-
tional manual eye-measurement method. Male sex, FBS,
HbA,., T-chol, LDL-chol, triglycerides, CRP, BMI DBP
and SBP were significantly related with carotid IMT in
427 healthy controls (Table 2). Similar results have been
reported in many studies [26-30], but most of these were
reported in populations that included patients with coro-
nary artery disease, hypercholesterolemia, cerebrovascular
disease, diabetes mellitus and hypertension. As shown in
Table 4, SLEDAI was positively associated with carotid
IMT. Carotid IMT is a simple and noninvasive method
and is increasingly used as a surrogate marker of ath-
erosclerosis [5]. Atherosclerosis is characterized by infil-
tration of the intima by activated macrophages and T
cells, and it is thus considered to be caused by inflam-
matory processes [31]. Vasculitis is a common feature of
SLE. Deposition of circulating immune complexes in SLE
is supposed to lead to the leukocyte adhesion and acti-
vation, production of cytokine and other inflammatory
mediators [32]. It is therefore conceivable that carotid
IMT was increased in SLE patients with higher disease
activity, namely with higher SLEDAI. In contrast, accu-
mulated damage in SLE (SDI) was not associated with
carotid IMT. Carotid IMT may reflect the current, and not
the past, inflammatory status in the vessels.

As shown in Table 5, a history of steroid pulse therapy
was associated with decreased carotid IMT. As steroid
pulse therapy is given to SLE patients with the most severe
disease activity, intensive care and swift disease control of
SLE might overcome the possible pro-atherosclerotic
effect of prednisolone when the pro-atherosclerotic effect
of SLE disease activity is considered. In addition, cumu-
lative steroid use did not have any association with the
carotid IMT in our SLE patients. Increased cumulative
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dosage of steroid by a long-term low-dose prednisolone
therapy may not be a risk factor for atherosclerosis in SLE,
because a prospective study showed that a low-dose
prednisolone therapy does not influence atherosclerosis, as
determined by carotid IMT in rheumatoid arthritis patients
for at least 2 years [33]. Current use of cyclosporine A was
significantly associated with decreased carotid IMT
(Table 5). Cyclosporine A blocks the phosphatase activity
of calcineurin, an essential component of the T cell acti-
vation pathway, and is thus considered to be a strong
inhibitor of the immune system, most notably of T cells
|34]. Tacrolimus was not associated with carotid IMT in
our cases, which may not be surprising. Although cyclo-
sporine A and tacrolimus share a common mechanism of
calcineurin inhibition, there have been reported differential
effects on the molecules other than calcineurin [35]. In fact,
clinical effects and adverse events of these two calcineurin
inhibitors are not similar, as evidenced in the previous 2
decades of data on organ transplantation [35]. As the
number of patients on tacrolimus is small (n = 8), further
study with a larger sample size is needed before reaching a
conclusion. A protective effect of cyclosporine A use
against carotid IMT has also been reported by others [36].
Cyclosporine A might be added to the treatment of choice
from the standpoint view of reduction of carotid IMT and
the resultant prevention of atherosclerosis in SLE.

In conclusion, multivariate-adjusted mean carotid IMT
was significantly reduced in SLE patients compared to
healthy controls (P = 0.003). The current use of cyclo-
sporine A (P = 0.011) and a history of steroid pulse
therapy (P = 0.006) were significantly associated with
decreased carotid IMT, while current use of NSAIDs
(P = 0.054) was marginally associated with increased
carotid IMT. Advances in medical therapy and a better
understanding of SLE have contributed to a dramatic
improvement in the long-term survival of patients.
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Abstract

Objective  'We examined the prevalence and risk factors
of vertebral fracture in female Japanese patients with sys-
temic lupus erythematosus (SLE).

Methods We performed lateral radiographs of the tho-
racic and lumbar spine and bone mineral density (BMD)
measurements and collected demographic, lifestyle, clini-
cal, and treatment characteristics of 52 SLE patients.
Vertebral fractures were defined as a >20 % reduction of
vertebral body height. Odds ratios (ORs) and their 95 %
confidence intervals (CIs) were computed to assess the
strength of associations between vertebral fractures and
selected factors among SLE patients.

Results At least one vertebral fracture was detected in
50 % of SLE patients. A history of previous bone fracture
was significantly associated with an increased risk of ver-
tebral fractures among SLE patients (adjusted OR = 14.8,
95 % CI = 1.62-134; P = 0.017). Daily use of tea or
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coffee was marginally associated with a decreased risk of
vertebral fractures among SLE patients (adjusted
OR = 0.11, 95 % CI = 0.01-1.01; P = 0.051).
Conclusion The high prevalence of vertebral fracture in
SLE patients (50 %) indicates that we need to assess the
lateral spine radiograph in more female Japanese SLE
patients regardless of BMD and use of corticosteroids,
although additional studies are warranted to confirm the
findings suggested in this study.

Keywords Vertebral fracture - Systemic lupus
erythematosus - Japanese

Introduction

Due to improved treatments, the survival of patients with
systemic lupus erythematosus (SLE) has improved
dramatically over the last few decades [1], resulting in
long-term morbidity with osteoporosis and osteoporotic
fractures. Patients with SLE are thought to be at risk of
osteoporosis because of factors such as inflammation,
premature menopause, renal involvement, proinflammatory
cytokine production [2], estrogen reduction, exposure to
corticosteroids (CS), and vitamin D deficiency [3]. Verte-
bral fractures are a complication of osteoporosis. Several
studies demonstrate a high prevalence (25-46 %) of low
bone mineral density (BMD) in female patients with SLE
[4-9] in comparison with the general population. Low
BMD is a risk factor of vertebral fractures. Recent studies,
however, show that vertebral compression fractures are
common in SLE patients with normal BMD, indicating
alternative mechanisms of compression fractures [10]. The
prevalence of vertebral fractures in Japanese SLE patients
remains unclear. There are very few published data on the
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prevalence and the risk factors of vertebral fractures in
Caucasian SLE patients [10-13]. The majority of SLE
patients use CS, which induce bone loss and increase
fracture risk. Ramsay—Goldman et al. [14] described a
fivefold increase in fracture rates in US women with SLE.
CS treatment affects trabecular bone preferentially; there-
fore, vertebrae, which consist mostly of trabecular bone,
are major targets of the deleterious effects of glucocorti-
coids [15, 16].

The importance of identifying vertebral fractures in SLE
patients is illustrated by the observed association between
vertebral deformities and reduced quality of life in post-
menopausal women with osteoporosis [17], as well as
increased risk of future vertebral and nonvertebral fractures
and mortality rates in the general population [18]. To
investigate the prevalence of vertebral fractures and, if
possible, risks or preventive factors associated with verte-
bral fractures in female Japanese patients with SLE, we
performed radiographs of the thoracic and lumbar spine in
52 such women and collected demographic, lifestyle,
clinical, and treatment data.

Patients and methods
Patients

Fifty-two consecutive female Japanese patients with SLE
were evaluated. All patients regularly attended the rheu-
matology clinic of Kyushu University Hospital. All
patients fulfilled the 1997 American College of Rheuma-
tology (ACR) revised criteria for SLE classification [19]
and were informed of the objectives of the study and
provided written informed consent for their participation.
The study was approved by the ethical review board of
Kyushu University Hospital.

Data collection and measurement

All measurements were performed from January to August
2006. Data were collected by questionnaire survey.
Demographic and lifestyle data were obtained regarding
age, BMI, and menstrual (presence of regular menstruation
and menopause) and obstetric history (number of deliver-
ies). In addition, we inquired about smoking; alcohol
intake; exercise; going out; intake of milk, dairy products,
fish, small fish, soybean products, coffee, tea, and Japanese
green tea; use of sunscreen; and sleeping habits (bed or
Japanese futon). Clinical data were assessed for disease
duration, lupus nephritis (presence of persistent proteinuria
of >0.5 g/24 h or cellular casts), photosensitivity, osteo-
porosis, bone and vertebral fractures, diabetes mellitus,
hyperlipidemia, aseptic necrosis of the femoral bone, and
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family history of osteoporosis or femoral neck (FN) frac-
ture. We used the questionnaire to obtain information
regarding family history. Laboratory data were obtained
including complete blood count (CBC), urinary sediment,
erythrocyte sedimentation rate (ESR), C-reactive protein
(CRP), SCr (SCr), urinary creatinine (UCr), urinary protein
(UP), serum bone-specific alkaline phosphatase (BAP),
type 1 collagen cross-linked N-telopeptide (NTx),
25-hydroxy vitamin D, anti-double-stranded DNA (anti-
dsDNA) antibodies, and complement components. We
calculated creatinine clearance (CrCl) from SCr using the
Cockcroft and Gault equation [20] and used UP/UCr to
calculate uUP excretion per day [21]. A high titer of NTx
was defined as a serum level >16.5 nmol BCE/l during
premenopause and >24.0 nmol BCE/l during postmeno-
pause, whereas low BAP titer was defined as a serum level
<7.9 U/l based on the laboratory reference value. Disease
activity was scored using the Systemic Lupus Erythema-
tosus Disease Activity Index (SLEDAI) [22] by the
attending physicians.

We performed BMD measurements of the lumbar spine
(LS) (L2-L4) and hip (total hip: FN, trochanter, and
intertrochanter), and lumber spine and hip T-scores were
reported. Measurements were performed using the same
dual-energy X-ray absorptiometry (DEXA) equipment
(model QDR-4500A; Hologic) by trained technicians. Hip
measurement was not performed in four patients because of
bilateral hip replacements. We used the standard definitions
of osteoporosis [T score <—2.5 standard deviations (SD)[
and osteopenia (—2.5 SD < T score < —1 SD). BMD with
a T score <—1 SD was defined as low.

A history of CS and other immunosuppressant use was
also obtained. We investigated past and current use of CS,
duration of use in years, maximal dosage taken orally,
current prednisone use, and past intravenous (IV) methyl-
prednisolone use. In addition, we investigated past and
current use of cyclosporin, methotrexate, cyclophospha-
mide, azathioprine, mizoribine, mycophenolate mofetil
(MMF), rituximab, and IV administration of cyclophos-
phamide. We also inquired about current use of major or
minor tranquilizers, antispasmodics, vitamin D supple-
ments, hormone replacement therapy (HRT), vitamin K,
supplements, warfarin, bisphosphonates (alendronates or
risedronates), calcium supplements, contraceptive and
vitamin C supplements orally, drugs prescribed in other
hospitals, and supplements.

Assessment of vertebral deformities

We performed lateral radiographs of the thoracic and
lumbar spine (Th4-L4) using the same equipment by
trained technicians. Radiographs were scored by the same
physician using a standardized semiquantitative method by
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Genant et al. [23]. In this method, vertebrae are evaluated
as follows: grade 0 normal, grade 1 20-25 % reduction in
height, grade 2 25-40 % reduction in height, and grade 3
>40 % reduction in height. Vertebral deformities were
scored according to the method of Genant et al. [23];
fractures were defined as a >20 % reduction of vertebral
body height.

Statistical analysis

We first examined all variables found to have an associa-
tion with vertebral fractures by univariate tests. Analysis of
categorical (dichotomous) variables included frequency
distributions, proportions, and statistical comparisons using
Pearson’s tests. We used the Student 7 test for analysis of
continuous variables. Predictor variables with a level of
significance <10 % (P = 0.10) for univariate tests were
included as candidate predictors (risk factors) in the mul-
tivariable logistic regression model. Logistic regression
analysis was used to obtain crude odds ratios (ORs) for the
risk of vertebral fractures and the corresponding 95 %
confidence intervals (95 % Cls), with adjustments for
potential confounders. A P value <0.05 (two-sided) was
considered statistically significant. All calculations were
performed using STATA Version 8.2 (Stata Corporation,
College Station, TX, USA) software.

Results

Measures of vertebral fracture

Assessment of vertebral deformities is shown in Table 1.
Thoracic or lumber spine vertebral deformities were

observed in half (26/52) of SLE patients. At least 2 vertebral
deformities were observed in 13 (25 %) SLE patients. We

Table 1 Assessment of vertebral deformity among SLE patients

Measures Number (%)
Number of vertebral deformities
0 26 (50)
1 13 (25)
>2 13 (25)
Severity of 46 vertebral deformities (n = 26)
Grade 1 (20-25 % reduction of height) 36 (78.3)
Grade 2 (25-40 % reduction of height) 9 (19.6)
Grade 3 (=40 % reduction of height) 1(2.2)
Distribution of 46 vertebral deformities (n = 26)
Thoracic spine 34 (73.9)
Lumber spine 12 (26.1)

detected a total of 46 deformities in 26 SLE patients. Of all
vertebral deformities, 73.9 % were located in the thoracic
spine and 26.1 % in the lumber spine. In addition, 21.8 % of
all vertebral deformities were grade 2 or higher.

Characteristics of study patients

Table 2 shows the characteristics of patients in the study.
Mean age (SD) was 45.2 (13.8) years, and 37.3 % were
postmenopausal. Mean body mass index (BMI) was 22.1
(3.7), mean disease duration (SD) was 17.1 (8.6) years, and
mean SLEDAI (SD) was 7.2 (6.0). Twenty-four (52.2 %)
patients had renal involvement and fifty (96.2 %) had a
history of corticosteroid use. Forty-eight (92.3 %) were
currently using CS, with a mean daily dose of 8.4 mg. As
for osteoporosis treatments, vitamin D was currently used
in 61.5 % and bisphosphonates in 40.4 %.

Comparison of demographic, lifestyle, clinical,
and treatment factors between SLE patients
with and without vertebral fractures

As shown in Table 2, the average age of SLE patients with
vertebral deformities (50.0 years) was older than those
without (40.3 years) (P = 0.01). Postmenopausal status was
more prevalent in patients with vertebral deformities
(53.8 %) than in those without (20 %) (P = 0.012). The
difference in fish intake (more than twice weekly) between
patients with (3.8 %) and without (20 %) vertebral defor-
mities was marginally significant (P = 0.073), probably due
to the small number of cases. Daily coffee or tea intake was
more prevalent in patients without (34.6 %) than with
(11.5 %) vertebral deformities (P = 0.048). The prevalence
of regular menstruation was statistically different between
groups (P = 0.013). Disease duration was longer in patients
with vertebral deformities (mean 19.7 years vs. 14.5 years)
(P = 0.033). No variables regarding BMD (spine BMD, hip
BMD, spine T score, and hip T score) were associated with
vertebral deformities, nor was a history of osteoporosis. A
history of bone fracture was more prevalent in patients with
(38.5 %) than without (11.5 %) vertebral deformities
(P = 0.025). A history of vertebral fracture was more pre-
valent in patients with (21.7 %) than without (0 %) vertebral
deformities (P = 0.012). A family history of osteoporosis or
femoral neck fracture was more prevalent in patients without
(96.2 %) than patients with (80.8 %) vertebral deformities
(P = 0.083). In addition, CS use and treatment duration
were associated with vertebral deformities: treatment dura-
tion was marginally longer in patients with vertebral defor-
mities (mean 17.6 years vs 13.3 years ) (P = 0.087).
Current use of CS was more prevalent in patients without
(100 %) than in patients with (84.6 %) vertebral deformities
(P = 0.037).

‘E_) Springer



Mod Rheumatol

Table 2 Characteristics of the systemic lupus erythematosus (SLE) patients without and with vertebral fractures were compared

Variable All patients (n = 52) SLE patients P value
Without vertebral ~ With vertebral
fractures (n = 26) fractures (n = 26)

Basic and lifestyle data
Age, mean (SD) 45.2 (13.8) 40.3 (10.7) 50.0 (15.0) 0.01
BMI, mean (SD) 22.1 (3.7) 21.6 (3.1) 22.5 (4.2) 0.381
Postmenopausal status, 7 (%) 19 (37.3) 5 (20.0)" 14 (53.8) 0.012
Ever smoking, n (%) 16 (30.8) 10 (38.5) 6 (23.1) 0.229
Alcohol drinking more than thrice weekly, n (%) 6 (12.0) 4 (154) 2 (8.3 0.443
Exercise more than twice weekly, n (%) 37 (72.5) 18 (72.00" 19 (73.1) 0.931
Going out everyday, n (%) 21 (45.7) 9 (39.1)° 12 (52.2)° 0.375
Daily milk intake, n (%) 19 (37.3) 7 (28.0)" 12 (46.2) 0.18
Dairy product intake more than twice weekly, n (%) 10 (19.2) 4 (154) 6 (23.1) 0.482
Fish intake more than twice weekly, n (%) 6(11.8) 5 (20.0)! 1(3.8) 0.073
Small fish intake more than twice weekly, n (%) 21 (42.0) 12 (48.0)" 9 (36.0)" 0.39
Soybean product intake more than twice weekly, n (%) 5(9.6) 4 (154) 1(3.8) 0.158
Daily coffee or (black) tea intake, n (%) 12 (23.1) 3(11.5) 9 (34.6) 0.048
Daily green tea intake, n (%) 19 (36.5) 10 (38.5) 9 (34.6) 0.773
Number of deliveries, mean (SD) 0.96 (1.15) 0.72 (1.06)" 1.19 (1.20) 0.144
Regular menstruation, n (%) 28 (57.1) 18 (75.0) 10 (40.0)" 0.013
History of falls, n (%) 27 (57.1) 15 (68.2)°* 12 (48.0)" 0.163
Use of bed, n (%) 33 (66.0) 17 (65.4) 16 (66.7)" 0.924
History of surgery, n (%) 39 (75.0) 18 (69.2) 21 (80.8) 0.337

Clinical
Disease duration [mean (SD), years] 17.1 (8.6) 14.5 (1.8)" 19.7 (8.8)" 0.033
Spine bone mass density (BMD), mean (SD) 0.90 (0.16) 0.91 (0.14) 0.88 (0.18) 0.501
Hip bone mass density (BMD), mean (SD) 0.75 (0.15) 0.77 (0.17)* 0.74 (0.14)° 0.463
Spine T score, mean (SD) —1.02 (1.45) —0.85 (1.24) —-1.18 (1.64) 0.412
Hip T score, mean (SD) —1.01 (1.33) —0.79 (1.35)* —1.22 (1.30)° 0.278
Spine low BMD, n (%) 29 (55.8) 13 (50.0) 13 (50.0) 0.402
Hip low BMD, n (%) 23 (51.1) 9 (40.9)* 14 (60.9)° 0.181
Spine or hip low BMD, n (%) 35 (70.0) 15 (62.5) 20 (76.9) 0.266
Low bone-specific alkaline phosphatase (BAP), n (%) 1(2.0) 1 (4,3)3 0(0) 0.283
High type I collagen cross-linked N-telopeptide (NTx), n (%) 3(6.1) 1 (4.3 2 (1.7 0.626
Erythrocyte sedimentation rate (ESR) [mean (SD), mm/h] 22.5 (17.3) 23.6 (15.6)° 21.5 (18.9)' 0.68
C-reactive protein (CRP) [mean (SD), mg/dl] 0.25 (0.66) 0.17 (0.18)" 0.32 (0.91) 0.409
SLEDAI, mean (SD) 7.2 (6.0) 8.4 (6.1) 6.0 (5.6) 0.139
25-Hydroxyvitamin D [mean (SD), pg/ml] 55.6 (19.1) 54.5 (20.3)° 56.6 (18.3) 0.706
Creatinine clearance (CrCl) [mean (SD), ml/min] 90.8 (31.6) 95.7 (36.3)" 86.0 (26.1) 0.278
Urine protein [mean (SD), g/day] 0.65 (1.35) 0.80 (1.80)* 0.53 (0.84) 0.487
History of photosensitivity, n (%) 22 (44.9) 9 (37.5)° 13 (52.0)! 0.308
Use of sunscreen, n (%) 38 (74.5) 17 (68.0)' 21 (80.8) 0.296
History of renal involvement, n (%) 24 (52.2) 12 (57.1)° 12 (48.0)" 0.536
History of diabetes mellitus, n (%) 3(5.8) 2.0 1(3.8) 0.552
History of hyperlipidemia, n (%) 24 (47.1) 11 (44.0)" 13 (50.0) 0.668
History of aseptic necrosis of femoral bone, n (%) 15 (31.3) 6 (27.3)* 9 (34.6) 0.584
History of previous osteoporosis, n (%) 13 (26.0) 5(19.2) 8 (33.3)° 0.256
History of previous bone fracture, n (%) 13 (25.0) 3(11.5) 10 (38.5) 0.025
History of previous vertebral fracture, n (%) 5(10.2) 0(0) 5L7° 0.012
Family history of osteoporosis or femoral neck fracture, n (%) 46 (88.5) 25 (96.2) 21 (80.8) 0.083
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