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It has been proposed that CD6, an important regulator of T cells,
functions by interacting with its currently identified ligand, CD166, but
studies performed during the treatment of autoimmune conditions
suggest that the CD6-CD166 interaction might not account for impor-
tant functions of CD6 in autoimmune diseases. The antigen recognized
by mAb 3A11 has been proposed as a new CD6 ligand distinct from
CD166, yet the identity of it is hitherto unknown. We have identified
this CD6 ligand as CD318, a cell surface protein previously found to be
present on various epithelial cells and many tumor cells. We found
that, like CD6 knockout (KO) mice, CD318 KO mice are also protected
in experimental autoimmune encephalomyelitis. In humans, we found
that CD318 is highly expressed in synovial tissues and participates in
CD6-dependent adhesion of T cells to synovial fibroblasts. In addition,
soluble CD318 is chemoattractive to T cells and levels of soluble
CD318 are selectively and significantly elevated in the synovial fluid
from patients with rheumatoid arthritis and juvenile inflammatory
arthritis. These results establish CD318 as a ligand of CD6 and a po-
tential target for the diagnosis and treatment of autoimmune diseases
such as multiple sclerosis and inflammatory arthritis.
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D6 is a marker of T cells and an important T-cell regulator

(1). Recent genome-wide association studies also identified
CD6 as a risk gene for multiple sclerosis (MS) (2-5), an auto-
immune disease in which T cells play a vital role in the patho-
genesis. CD6 is composed of three extracellular domains (domains
1, 2, and 3), and it functions by interacting with its ligand(s) (6).
The domain 3 of CD6 has been shown to be the site that the
identified CD6 ligand, CD166, also known as ALCAM (activated
leukocyte cell adhesion molecule), binds to (7). However, anti-
CD166 antibodies only partially blocked the binding of thymic
epithelial cells to CD6-overexpressing COS cells, and mAbs
blocking CD6-CD166 interactions do not abolish CD6 function
(8, 9). Itolizumab, an anti-CD6 mAb developed in Cuba and ap-
proved in India for treating psoriasis, reduces pathogenic T-cell
responses in patients with psoriasis, but this mAb binds to domain
1 of CD6 instead of domain 3, and it does not interfere with the
CD6-CD166 interaction. Interestingly, UMCD6, a mouse anti-
human CD6 mAb that we found highly effective in treating en-
cephalomyelitis (EAE) in CD6 humanized mice, also fails to block
the CD6-CD166 interaction. All these studies suggest the exis-
tence of an additional CD6 ligand, other than CD166, that binds
to domain 1 of CD6, and could be critical for CD6 function in
autoimmune conditions. Further studies using a CD6 fusion pro-
tein as a bait to pull down CD6-binding proteins from synovial
fibroblast surface proteins showed the binding of three polypep-
tides (10). One of these polypeptides was identified as CD166, and
the identities of the other two were unknown (11). A mAb termed
3A11 was developed, and the antigen recognized by this mAb was
identified as the new ligand of CD6 that binds to its domain 1 (11,
12). However, attempts to identify the antigen recognized by mAb
3A11 were not previously successful.
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CD318 (also known as CDCP1, TRASK, SIMA135, or gp140)
is a cell-surface glycoprotein with an apparent molecular mass of
~140 kDa (13-15). It consists of three extracellular CUB domains, a
transmembrane domain, and an intracellular domain. CD318 can be
proteolytically cleaved between the two distal CUB domains by
certain serine proteases, resulting in different ratios of the ~140-kDa
intact molecule and the ~80-kDa cleaved product on various cells.
Cleaved CD318 is phosphorylated and activated by Src kinase, then
the activated CD318 forms a complex with activated p1 integrin and
activates FAK/PI3K/Akt motility signaling to promote early tumor
dissemination (16). Under normal conditions, CD318 is present on
many epithelial cells (17), some hematopoietic cells (18), and mes-
enchymal stem cells (19). CD318 is also present on many tumor cells
(20). Up-regulation of CD318 expression is associated with a poor
prognosis for many cancer patients (14, 21-25). Interestingly, a re-
cent study using CD318 KO mice showed that two different
oncogene-driven tumors grow much faster in CD318 KO mice
than in wild-type (WT) control mice (26). Lack of CD318 in these
mice potentially enhances tumor growth by liberating integrin
signaling and growth factor receptor cross-talk in unanchored
tumor cells (26). So far, all studies on CD318 have been limited to
its direct signaling effect in tumor cells, and its possible role in
regulating immune responses has never been examined.

In this report, using mass spectroscopy techniques, we identified
the antigen recognized by mAb 3A11 as CD318. To validate the
proteomics results, we probed proteins immunoprecipitated by
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mAb 3A11 using established anti-CD318 antibodies and probed
recombinant CD318 protein by mAb 3A11 in Western blots. We
also compared staining patterns of both mAb 3A11 and established
anti-CD318 mAbs by using cells that are known to be positive or
negative for CD318, and engineered cells with up-regulated or
down-regulated levels of CD318. In addition, we confirmed the
binding of CD318 to CD6 by using soluble CD6 protein as a bait in
pull-down assays and by staining WT and CD166-deficient cells
with the soluble CD6 followed by flow cytometric analyses. We
immunized the CD318 KO mice to induce experimental autoim-
mune EAE and found that CD318 KO mice show ameliorated
central nervous system (CNS) injury in association with reduced
pathogenic T-cell responses and infiltration into the CNS. Finally,
we examined CD318 expression on synovial fibroblasts from
rheumatoid arthritis (RA) patients, measured levels of soluble
CD318 in synovial fluids from arthritis patients, and studied its
potential roles in recruitment and retention of T cells in synovial
tissue. Our results showed that CD318 is the CD6 ligand recog-
nized by mAb 3A11 and suggest that CD318 could be a target for
the diagnosis and/or treatment of autoimmune diseases such as MS
and inflammatory arthritis.

Results

Identification of the Antigen Recognized by mAb 3A11. It had been
previously established that mAb 3A11 recognizes an uncharac-
terized CD6 ligand that binds to domain 1 of CD6 (11), the same
domain that Itolizumab, the anti-CD6 mAb approved for treat-
ing psoriasis in India (27) binds to, suggesting that this new
CD6 ligand might have important roles in autoimmune conditions,
distinct from the previously identified CD6 ligand, CD166. To de-
termine the identity of the antigen recognized by mAb 3Al1, we
investigated HBL-100 cell surface proteins pulled down by this
mAb by mass spectrum (MS) analysis. We found that CD318-
related peptides were abundant in the mAb 3All precipitates
(Table 1), indicating that the protein recognized by 3A11 could be
CD318. We then probed whole HBL-100 cell lysate with an anti-
CD318 Ab in Western blot and assessed CD318 expression levels
on HBL-100 cells by flow cytometry before and after IFN-y stim-
ulation. We found that CD318 met the previously established
characteristics of the potential mAb 3A11 antigen candidate (11)
such as (i) it has a molecular mass of ~130 kDa (Fig. 14) and (i) its
expression can be up-regulated by IFN-y stimulation (Fig. 1B).

Western Blots Using a Commercial Anti-CD318 Antibody and Recombinant
CD318. To validate the MS results, we performed Western blotting of
the above immunoprecipitates by using a commercial anti-CD318
antibody (Pierce) and found that these antibodies detected three
bands (Fig. 1C), including an ~140-kDa band and an ~80-kDa band,
in the mAb 3A11 immunoprecipitates, but not the control IgG1
immunoprecipitates. In addition, we prepared recombinant soluble
CD318 (rCD318) by synthesizing an artificial gene coding for the

Table 1. Identification of CDCP1/CD318 protein by LC-MS/MS
No. Peptide M, (expt) M(calc) ppm Score
124-130 TFIWDVK 907.4825 907.4804 2 26
148-166 QIGPGESCPDGVTHSISGR 1,952.9027 1,952.9011 1 56
281-300 VEYYIPGSTTNPEVFKLEDK 2,328.1589 2,328.1525 3 22
344-353 IYVVDLSNER 1,206.6258 1,206.6244 1 40
354-362 AMSLTIEPR 1,016.5331 1,016.5324 1 27
397-406 ISFLCDDLTR 1,238.5976 1,238.5965 1 43
457-466 LSLVLVPAQK 1,066.6765 1,066.6750 1 57
519-530 TFAPSFQQEASR 1,367.6484 1,367.6470 1 58
561-566 TPNWDR 787.3624 787.3613 1 37
582-592 DQVACLTFFK 1,227.5974 1,227.5958 1 46
604-612 AFMIIQEQR 1,150.5824 1,150.5805 2 67
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Fig. 1. CD318 as the potential antigen recognized by mAb 3A11.
(A) Probing the HBL-100 cell lysates with a commercial anti-CD318 Ab. Cell
lysate were separated by SDS/PAGE and probed with a commercial anti-
CD318 Ab in Western blot, showing a ~135-kDa band (arrow). Data are
representative of two independent experiments. (B) CD318 up-regulation in
response to IFN-y stimulation. HBL-100 cells were stimulated with human
IFN-y for 72 h, and CD318 expression levels were analyzed by flow cytometry
following staining with a commercial anti-CD318 mAb (Clone CUB1). Thin
shaded line, isotype control; thick line, without stimulation; dotted line, with
stimulation. Data are representative of three independent experiments.
(C) Probing the mAb 3A11 immunoprecipitates with the anti-CD318 Ab.
HBL-100 cell lysates were immunoprecipitated with the same concentrations
of mAb 3A11 or migG1 control, then the immunoprecipitates were sepa-
rated by SDS/PAGE and probed with a commercial anti-CD318 Ab. The arrows
indicate the full length and different isoforms of CD318 that immunopreci-
pitated. Data are representative of two independent experiments. (D) Three
different concentrations (2.5, 5, 10 ug) of rCD318 or BSA control were sepa-
rated by SDS/PAGE and probed with either mAb 3A11 (Lower) or a commercial
anti-CD318 Ab (Upper).

extracellular domains of CD318 with a C-terminal 6XHis-tag and
cloning it into the expression vector pcDNA3.1. After transfecting
the expression construct into 293 cells, we purified the rCD318 in
the culture supernatants by nickel affinity chromatography fol-
lowing published protocols (13) and verified the protein by
Western blot using an anti-His tag antibody. We then probed the
rCD318 and the same amount of BSA with mAb 3All or an
established anti-CD318 antibody in Western blots and found that
both the mAb 3Al11 and the anti-CD318 antibody selectively
recognized rCD318 but not the BSA (Fig. 1D).

Flow Cytometric Analysis of Cells Normally Expressing or Not Expressing
CD318 Using both mAb 3A11 and a Commercial Anti-CD318 mAb. CD318
has been reported to be present on A549 (14), HBL-100 (28), and
Caco2 (29) cells, but not on MCF-7 (30), Molt-4 (31), or Raji cells
(14). We analyzed all of these cell lines with a commercial anti-
CD318 mAD (Fig. 24) or mAb 3Al11 (Fig. 2B) and found highly
similar staining patterns, suggesting that mAb 3A11 and the anti-
CD318 mAb recognize the same antigen.
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Fig. 2. The anti-CD318 mAb and mAb 3A11 have an identical staining pattern
on cells previously known to express or lack CD318 expression on the cell sur-
face. Reported CD318-positive cells (HBL-100, A549, and Caco-2) and negative
cells (MCF-7, Molt-4, and Raji) were stained either with the anti-CD318 mAb
(A) or mAb 3A11 (B) and analyzed by flow cytometry. Data are representative
of three independent experiments. Shaded histogram: isotype controls
(mlgG2b for CD318 staining and mlgG1 for mAb 3A11 staining). Open histo-
gram represents CD318 (4) or mAb 3A11 (B) staining.

Flow Cytometric Analysis of Engineered Cells with CD318 Overexpression
or Down-Regulation. We could not entirely exclude the slight possi-
bility in the above-described flow cytometry experiments that mAb
3Al1 and the anti-CD318 mAb might recognize different antigens
that happen to have the same expression pattern on the various
examined cell lines. To address this issue, we studied the transfected
MDA-468 cells that overexpress CD318 after doxycycline induction
(13, 32) and the transfected MDA-468 cells knocked down for
CD318 expression using shRNA (32) by flow cytometry using the
commercial anti-CD318 mAb and mAb 3Al11. We found that,
consistent with previous reports (32), following doxycycline treat-
ment, the expression of CD318 increases above basal levels in
MDA-468 cells expressing the CD318 inducible system and not in
cells expressing empty vector (control) (Fig. 34). These assays also
showed that staining of these cells expressing CD318 with mAb
3A11 resulted in exactly the same pattern as seen with the anti-
CD318 mAD (Fig. 34), whereas in CD318 knockdown cells, neither
antibody showed detectable staining of the cell surface.

CD6 Binding Analysis on Cells Expressing both CD166 and CD318, or
CD318 Alone. After confirming that CD318 is the protein recog-
nized by mAb 3A11 in the above experiments, we tested whether
CD318 binds to CD6, as suggested by previous studies. We have
already shown that soluble CD6 protein can be used to stain cells
expressing CD6 ligands in flow cytometric assays. The human fi-
brosarcoma cell line HT-1080 expresses both CD318 and CD166
(33, 34), and we generated an HT-1080 CD166 KO cell line by
CRISPR/Cas9 technology to exclude the previously known CD6—
CD166 interaction (Fig. 44). We first confirmed that our HT-1080
CD166 KO cell line expresses CD318 but not CD166 (Fig. 4B),
then stained the WT and CD166 KO cells with the soluble
CD6 protein. We found that, in the absence of CD166, the binding
of CD6 to the surface of these cells was significantly reduced but
still evident (Fig. 4C), further evidence that CD6 has ligand(s)
other than CD166. We then carried out a competitive binding
assay by using our prepared soluble rCD318 protein and found
that binding of CD6 to the CD166 KO cells was reduced by
rCD318 in a dose-dependent manner (Fig. 4D). In addition, we
incubated soluble CD6-Fc protein or the same amount of purified
human IgG1 with the CD166 KO cell lysates and probed the CD6-
precipitated proteins with a commercial anti-CD318 antibody in
Western blot. We found that CD6-Fc protein, but not the control
human IgG1 protein, pulled down a protein that was recognized
by the anti-CD318 antibody (Fig. 4F). Finally, we stained trans-
fected CHO cells expressing human CD6 on the surface and
control CHO cells with the soluble rCD318 and found that

E6914 | www.pnas.org/cgi/doi/10.1073/pnas.1704008114

rCD318 binds to human CD6-expressing CHO cells but not the
control CHO cells (Fig. 4F). These results demonstrate that
CD6 binds to CD318.

CD318 KO Mice Are Protected in EAE. Although the potential role of
CD318 in immune regulation has never been studied, our data
showing that it is a ligand for CD6, a molecule that is important in
the pathogenesis of EAE and MS (35), suggests that it might have a
previously unknown immunoregulatory role and might regulate the
development of EAE/MS. To test this hypothesis, we induced EAE
in matched WT and CD318 KO mice by immunizing them with
MOG;3s.s5 peptide in Complete Freund’s Adjuvant (CFA) plus
pertussis toxin and found that, like CD6 KO mice (35), CD318 KO
mice had attenuated disease severity in EAE (Fig. 54). These
CD318 KO mice in EAE showed reduced MOG-specific Thl (Fig.
5B) and Th17 (Fig. 5C) responses and had significantly decreased
inflammation (Fig. 5D) and CD4* T-cell infiltration (Fig. 5E) in the
spinal cord. Experiments using isolated brain microvascular endo-
thelial cells from WT mice showed that although CD318 was not
detectable on these cells under constitutive conditions, after [FN-y
stimulation, CD318 expression on them was highly induced (Fig.
5F). These results reveal a previously unknown role for CD318 in
immune regulation, providing further evidence that it is important
for CD6 function in EAE. The CD318 KO mice had normal size
and cell subset composition of their lymphoid organs (Fig. S1).

Measurement of CD318 Levels in Synovial Tissues from RA and
Osteoarthritis Patients by ELISA. We have established previously that
the antigen recognized by the mAb 3A11 (now shown to be CD318)
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Fig. 3. The anti-CD318 mAb and mAb 3A11 have an identical staining pat-
tern on cells engineered to up-regulate or down-regulate CD318 expression.
(A) The anti-CD318 mAb and mAb 3A11 staining on cells overexpressing CD318.
MDA-468 cells transfected with vector alone (control) or a doxycycline-inducible
CD318 expressing construct were incubated with doxycycline overnight, then
stained either with CD318 Ab (Upper) or mAb 3A11 (Lower) and analyzed by
flow cytometry. Shaded histograms, isotype controls; thin open histograms,
basal expression level of anti-CD318 mAb/mAb 3A11 staining before doxycy-
cline induction; thick open histograms, level of anti-CD318 mAb/mAb 3A11
staining after doxycycline induction. Data are representative of three in-
dependent experiments. (B) The anti-CD318 mAb and mAb 3A11 staining on
cells with CD318 knocked down. MDA-468 WT and CD318 knockdown cells
were stained with either CD318 mAb (Upper) or mAb 3A11 (Lower) and ana-
lyzed by flow cytometry. Thin lines, isotype controls; dashed lines, WT cells
stained with the anti-CD318 mAb or mAb 3A11; thick lines, CD318 knocked
down cells stained with the anti-CD318 mAb and mAb 3A11. Data are repre-
sentative of three independent experiments.
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Fig. 4. CD6 interacts with CD318. (A) HT1080 CD166 KO cells are deficient of CD166. The CD166 KO cells were analyzed for CD166 expression by flow
cytometry. Thin line, isotype control; thick line, CD166 KO cells stained with an anti-CD166 mAb; thin dash line, WT HT1080 cells stained with the anti-
CD166 mAb. Data are representative of five independent experiments. (B) HT1080 CD166 KO cells express CD318. The CD166 KO cells were analyzed for
CD318 expression by flow cytometry using the anti-CD318 mAb. Thin line, isotype control; thick line, CD166 KO cells stained with the anti-CD318 mAb. Data
are representative of five independent experiments. (C) CD6 binds to WT and CD166 KO cells. WT and CD166 KO cells were incubated with the same
concentrations of human IgG1 (control) or recombinant human CD6-Fc fusion protein (1 uM), followed by detecting the cell surface-bound CD6 using an
Alexad88-anti-human IgG Ab. Thin line, isotype control; thick line, CD166 KO cells stained with CD6; thin dashed line, WT cells stained with CD6. Data are
representative of six experiments. (D) Binding of CD6 onto CD166 KO cells is competitively inhibited by soluble CD318. CD166 KO cells were incubated with
recombinant human CD6-Fc fusion protein (1 pM) in the presence of different concentrations of recombinant soluble CD318 (0, 1, and 3 pM), then level of cell
surface-bound CD6 was quantitated by flow cytometric analysis after staining the cells with an Alexa488-anti-human IgG Ab. Thin shaded line: isotype
control; thick dash line, no rCD318; thin dash line, 1 uM CD318; thin line, 3 M rCD318. The numbers in parentheses represent the molar concentrations of
either rHCD6 or rCD318. Data are representative of six independent experiments. (E) CD6 immunoprecipitates CD318 from the CD166 KO cell lysates. CD166
KO cell lysates were immunoprecipitated with the same concentrations of either soluble CD6 or human IgG1, then the immunoprecipitates were separated by
SDS/PAGE and probed with the anti-CD318 Ab, showing that CD6 selectively pulled down CD318 (arrow). Data are representative of eight independent
experiments. (F) Soluble CD318 binds to CHO cells that express CD6 on the surface. Control CHO cells (solid line) and CHO cells expressing human CD6 (dotted
line) were incubated with recombinant CD318. After washing, the binding of CD318 on the cell surface was assessed by flow cytometry after staining the cells

with the anti-CD318 mAb.

is highly expressed in synovial fibroblasts from RA patients after
IFN-y stimulation. To explore a potential role for CD318 in the
pathogenesis of arthritis, we first carried out immunohistochemistry
(IHC) staining for CD318 in synovial tissue sections of RA, osteo-
arthritis (OA), and nonrelevant controls. We found that CD318 is
more strongly expressed in RA synovial tissues (Fig. 64). Two-color
immunofluorescence microscopy indicated that CD318 is expressed
on both fibroblasts and endothelial cells in synovial tissue (Fig. S2).
We then homogenized synovial tissues from patients without or with
RA or OA and measured levels of total CD318 in them by ELISA.
We found that CD318 was detectable in lysates from all of the sy-
novial tissues examined. Whereas levels of CD318 were comparable
between the control groups without arthritis and with OA, levels of
CD318 in synovial tissues from RA patients were significantly higher
(Fig. 6B).

Measurement of Soluble CD318 Levels in Sera and Synovial Fluids
from RA and OA Patients by ELISA. Soluble CD318 has been
found in cancer cell culture supernatants and in urine samples
from men with high-risk prostate cancer (13). We first measured
levels of soluble CD318 in sera from RA patients and healthy
donors and found that levels of soluble CD318 in the sera were
low, barely above the sensitivity limit of the ELISA that we used
(Fig. 6C). We also examined synovial fluids from patients with
RA, juvenile inflammatory arthritis (JIA), and OA by the same
ELISA, and found that levels of soluble CD318 were significantly

Enyindah-Asonye et al.

higher in synovial fluids than in serum and that levels of soluble
CD318 were significantly higher in synovial fluids from both RA
and JIA patients than in those from the OA patients (CD318 was
not detectable in synovial fluids from OA patients) (Fig. 6C).
These data suggest that soluble CD318 is produced within the
joints, especially in RA and JIA.

T-Cell Chemotaxis in Response to Soluble CD318. The gradient be-
tween serum and synovial fluid levels of soluble CD318, and the
elevated levels of CD318 in synovial fluids from patients with RA
and JIA but not in OA, led us to assess the possibility that sol-
uble CD318 might be chemotactic for T lymphocytes. Using a
modified Boyden chamber assay, we found that peripheral blood
T cells migrated in response to soluble CD318 as a single stim-
ulus, with a peak response at a concentration that approximated
the difference between the mean RA serum and RA synovial
fluid soluble CD318 levels (Fig. 6D).

Contributions of CD6 Ligands to Adhesion Between T Cells and Synovial
Fibroblasts. Previous work has suggested that a CD6 ligand other
than CD166 could contribute to adhesion between human
T lymphocytes and various IFN-y—treated nonhematopoietic cell
types (10, 11, 36). To evaluate the roles of CD166 and CD318
in interactions between T cells and synovial fibroblasts, we per-
formed adhesion assays by using fluorescently tagged T cells and
synovial fibroblasts that were or were not precultured with IFN-y.
In these assays, we found that CD6 ligands were significantly

PNAS | Published online July 31, 2017 | E6915
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Fig. 5. CD318 KO mice are protected in EAE. (A) WT and CD318 KO mice were immunized with MOGss_ss to induce EAE, and the development of EAE was
monitored daily by clinical scoring. Combined results were from five individual experiments. WT, n = 21; CD318 KO, n = 25; data are mean + SEM, *P < 0.05, (B
and C). At the end of the experiments, splenocytes were collected and incubated with or without 10 pg/mL MOGs3s_ss peptide for 72 h. Levels of IFN-y (B) and
IL-17 (C) in the culture supernatants were measured by respective ELISA. Combined results were from three individual experiments, WT, n=17; CD318 KO, n =
16; data are mean + SEM, *P < 0.05. (D) Representative histology images of spinal cord sections from WT (Left) and CD318 KO (Right) mice in EAE, showing
significantly reduced inflammation in the CD318 KO mouse spinal cords. Spinal cords were collected at the end of the experiment and processed for H&E
staining. Squares in Upper show the areas that were amplified in Lower. (E) Flow cytometric analysis of infiltrated CD4* T cells in spinal cord from WT and
CD318 KO mice in EAE, showing significantly reduced CD4* T-cell infiltration in the spinal cords of the CD318 KO mice in EAE. Spinal cords were collected at
the end of the experiment, minced, and digested with collagenase. Single-cell suspension was prepared after Percoll centrifugation, stained with an anti-
mouse CD4 mAb, and analyzed by a flow cytometer. (F) Mouse BMECs do not constitutively express CD318 but do after IFN-y stimulation. Primary BMECs were
isolated from WT mice, characterized, incubated without (Left) or with (Right) IFN-y for 48 h, and stained with sheep anti-mouse CD318 IgG (dotted line) or
control IgG (solid line), then analyzed on a flow cytometer.

involved in the adhesion of T cells to synovial fibroblasts (Fig. 6E).  3A11. We confirmed the MS results by probing the mAb 3A11-
Without IFN-y pretreatment of the synovial fibroblasts, only = immunoprecipiated proteins with a commercial anti-CD318 an-
CD166 was functionally important in these adhesion assays, con-  tibody, and by producing and probing recombinant CD318 with
sistent with the minimal expression of CD318 on these cells. In- mAb 3A11 in Western blots. In addition, we found that mAb
terestingly, when IFN-y—treated synovial fibroblasts were used, ~3Al1 and the established CD318 mAb have the same staining
both ligands were functional, and adhesion was substantially  patterns on cells known to naturally express or lack CD318, and
interrupted only when both were simultaneously masked with  on cells engineered to overexpress or knockdown CD318 ex-
monoclonal antibodies. These results are consistent with im-  pression. Using soluble CD6, soluble CD318, cells that express
portant functional roles for both CD6 ligands in synovial tissue ~ both CD166 and CD318 or CD318 alone, and transfected CHO

in vivo. cells expressing CD6 in flow cytometric analyses and pull-down
. . experiments, we confirmed that CD318 binds to CD6. Finally, we
Discussion found that CD318 is abundant in synovial tissues and whereas

In this report, using MS analysis, we identified abundant CD318-  levels of total CD318 are similar in synovial tissues from controls
derived peptides in mAb 3All-immunoprecipiated proteins. and OA patients, they are significantly elevated in RA patients.
CD318 also met the previously published criteria of a 3A11 anti-  Moreover, a soluble form of CD318 can be readily detected in
gen, suggesting that CD318 is the antigen recognized by mAb  synovial fluids from patients with inflammatory (RA, JIA) but
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Fig. 6. CD318 is a potential biomarker for inflammatory arthritis and chemotactic for T cells. (A) CD318 is highly expressed in synovial tissues from RA
patients. Synovial tissue sections from RA, OA, and nonrelevant controls (NL) were stained with either mAb 3A11 (mouse anti-human CD318) or the same
amount of control 1gGs, then slides were examined under a microscope. (B) Levels of total CD318 are elevated in synovial tissues from RA patients. Synovial
tissue from patients with RA (n = 13), OA (n = 20), and normal synovial tissues (Ctrl, n = 17) were homogenized, and levels of total CD318 were analyzed by
ELISA. (C) Levels of soluble CD318 are significantly higher in synovial fluids from patients with RA (n = 36) or JIA (n = 10) than in those from patients with OA
(n = 28). Sr, serum; SF, synovial fluid. (D) Soluble CD318 is chemotactic to T cells. T-cell migration toward various concentrations of CD318 (50, 100, 200, 400,
800, and 1,600 pg/mL) was assessed in Boyden chemotaxis chambers. PBS was the negative control, and TARC was the positive control. Readings represent the
number of cells migrating through the membrane (the sum of three high power 40x fields per well, averaged for each quadruplicate well). (E) T-cell adhesion
to IFN-y-stimulated synovial fibroblasts in the presence of mouse 1gG (control), anti-CD318, anti-CD166, or both was measured by a Synergy plate reader.

not noninflammatory (OA) arthritis, and these levels are ap-  functionally active in vitro, in adhesion and chemotaxis assays,
preciably higher than those in the serum. Of particular interest,  respectively, that are arguably relevant to components of the
both the membrane-bound and soluble forms of CD318 are pathogenesis on joint inflammation in vivo.
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The distinct patterns of expression of CD318 compared with
CD166 are striking—whereas CD166 is expressed widely on a
broad range of hematopoietic and nonhematopoietic cells, in-
cluding activated T lymphocytes, CD318 expression appears to
be confined to nonhematopoietic lineages, such as fibroblasts,
keratinocytes, epithelial cells, and a variety of neoplastic cells
(10, 11, 34, 36). The one possible exception to the lack of
CD318 expression on hematopoietic cells is a subset of cord
blood hematopoietic progenitors (37). Thus, engagement of
CD6 by CD318 is an unusual example of a ligand-receptor in-
teraction between a lymphocyte-specific cell surface glycoprotein
that can participate in T-cell activation (CD6) and a molecule
(CD318) that is found only on cells that are traditionally con-
sidered not to be components of the immune system. This in-
teraction points to an ability of T cells to specifically receive and
recognize distinct signals from “nonimmune system” tissue cells
that may be important in organ-targeted autoimmune diseases,
such as synovial fibroblasts and keratinocytes.

The functional roles of CD318 versus CD166 must be in part
distinct given the marked differences in the distribution of these
molecules. With the identification of CD318 as a second ligand
of CD6, exploration of the consequences of its binding to CD6 is
still at an early stage. Membrane-anchored CD318 appears to be
a mediator of T-cell adhesion to tissue cells, such as synovial cells
and keratinocytes, and our data suggest that under some con-
ditions, both CD6 ligands, CD166 and CD318, can cooperatively
participate in adhesion to T cells. These two CD6 ligands appear
to recognize distinct epitopes of CD6, raising the possibility that
CD6 can be engaged simultaneously by both of its ligands to
form a trimolecular complex. Structural demonstration of such
a complex during interactions between intact cells should be an
important goal for future experiments. Early studies of
CD6 identified distinct immunologic epitopes that appeared to
mediate different functional effects on T cells (38), and more
recent work has localized the binding domains on CD6 and
CD166 that are involved in the CD6—CD166 interaction (39).

CD6 was identified as a risk gene for MS (2-5), and we re-
cently showed that CD6 KO mice are protected from EAE and
that treating mice with an anti-CD6 mAb ameliorates CNS injury
in EAE (35), suggesting that CD6 could be a new target for
treating MS. Interestingly, although treating WT mice with a
mAD against CD166, the first identified ligand of CD6, amelio-
rates EAE (40), CD166 KO mice show exacerbated EAE po-
tentially due to reduced expression of blood-brain barrier (BBB)
junctional proteins, leading to increased permeability of CNS
blood vessels in the CD166 KO mice (41). Different from the
CD166 KO mice, we found that CD318 KO mice were protected
in EAE, in association with reduced MOG-specific T-cell re-
sponses and decreased CNS T-cell infiltration, suggesting that
CD318 is an important ligand for CD6. We also isolated primary
brain microvascular endothelial cells (BMECs) from WT mice
and examined CD318 expression on this critical component of
the BBB by flow cytometry. We found that in contrast to CD166,
which is highly expressed on the mouse BMECs (40, 41),
CD318 is not constitutively expressed on these cells at all (Fig.
5F). Whether anti-CD318 antibodies could still allow full binding
of CD166 to CD6, (and vice versa), and whether binding of ei-
ther ligand is affected by disease-related CD6 polymorphisms
or splice variants, are among the interesting issues for further
investigation.

The signal transduction pathways that are activated by CD318
binding to CD6, with or without concurrent binding of CD166 to
CD6, remain to be clucidated, both downstream of CDG6 in the
T lymphocyte and downstream of CD318 and CD166 in non-T
cells that express these ligands. Signal transduction events in syno-
vial fibroblasts generated by cell-cell adhesion events that in-
volve CD6 and CD318 are likely to be distinct from pathways
activated by antiadhesive effects of the intracellular domain of
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CD318 that have been described in cancer cells (42). In cancer
cells, CD318 is phosphorylated and can enhance downstream
phosphorylation events, in part linked to signaling through the
epidermal growth factor receptor (43, 44). Moreover, cleavage
of full-length 135-kDa CD318 by serine proteases creates a
smaller membrane-retained 70-kDa form that either associates
with membrane integrins or homodimerizes, and generates
downstream signaling events that enhance cancer cell in-
vasiveness and metastasis (16, 44). Cleavage of CD318 can be
blocked by dexamethasone (45). Like cancer cells, RA synovial
fibroblasts are locally invasive and are stimulated by a variety of
growth factors. Moreover, intraarticular injection of corticosteroid
ameliorates joint inflammation. It will be important to elucidate the
potential roles of CD318 in migration and invasion of synovial fi-
broblasts and to assess the effect of engagement of CD318 by
CD6 on these processes.

On synovial fibroblasts and keratinocytes, CD318 is up-
regulated by IFN-y. However, on cancer cells, its expression is
increased following engagement of the epidermal growth factor
(EGF) receptor by EGF (46). In cancer, CD318 is also up-
regulated by hypoxia-inducible factor 2«, which is also poten-
tially relevant to CD318 expression on synovial fibroblasts because
inflamed synovium is a hypoxic environment. Methylation of sites
near CD318 has been proposed as a critical element of epigenetic
control of its expression. In bone marrow stromal cells, reciprocal
CD146"CD318™ and CD146 CD318" subsets of marrow fibro-
blasts have been identified that have distinct patterns of gene
expression (47); whether this finding is also true in synovium or
other tissues is as yet unknown.

The elevated levels of soluble CD318 in inflamed synovial
tissue and fluid (RA and JIA) raise questions regarding its
function in joint inflammation. Our data indicate that soluble
CD318 is chemotactic for T cells, which are not present in nor-
mal synovial tissue, but which accumulate in large numbers in
RA and JIA synovium through mechanisms that are as yet not
fully defined. Importantly, the concentration at which soluble
CD318 is chemotactic corresponds to the in vivo concentration
gradient between RA serum and RA synovial fluid, indicating
that this in vitro assay is likely to be physiologically relevant.
Whether soluble CD318 is derived by protease-mediated shed-
ding from the synovial fibroblast surface or by secretion of sol-
uble CD318 from the synovial fibroblasts is as yet unknown. The
chemotactic effects of soluble CD318 resemble in some respects
chemotactic properties of CD13, another membrane protein on
synovial fibroblasts that also is present at high concentrations as
a soluble molecule in inflammatory joint fluid (48). Neither
CD13 nor CD318 show structural resemblance to conventional
chemokines, but there is evidence that CD13, like classical
chemokines, signals through a G protein-coupled receptor (48).

Although biologic therapeutics have led to important im-
provements in the treatment of RA and JIA, these agents impair
host defenses to various pathogens and do not selectively target
molecular interactions that are more important in pathogenic
autoimmunity compared with normal immune responses. Iden-
tification of CD318 as a ligand of CD6 creates a potential
therapeutic target at the level of the T-cell/synovial fibroblast
interaction that is not relevant to T-cell interactions with pro-
fessional antigen-presenting cells in lymphoid organs.

CD318 has been proposed as a novel molecular target for
treatment of malignant neoplasms (30, 49, 50); the realization
that it is engaged by CD6 will create a perspective from which to
assess such possibilities. An anti-CD6 monoclonal antibody has
been administered to 12 patients with multiple sclerosis, with
insufficient clinical data from this series to assess efficacy (51).
Our recent (35) and current data could prompt further evalua-
tion of this approach to treating multiple sclerosis. Moreover,
our data could also prompt consideration of CD318 as a thera-
peutic target in autoimmune diseases.
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Materials and Methods

Animals. Wild-type (WT) and CD318 KO mice (C57BL/6 background) were
ordered from Jackson Laboratory and maintained under pathogen-free
conditions in the animal facility of Lerner Research Institute, Cleveland Clinic.

Cell Culture. The HBL-100, Raji, A549, Molt4, and MCF, wild type (WT) HT-1080,
and CD166 knockout (KO) cell lines were cultured in RPMI 1640 supplemented
with 10% FBS, L-glutamine, penicillin/streptomycin, and Na-pyruvate. WT
MDA-468 and CD318 knockdown cell lines and transfected CHO cells
expressing human CD6 on their surface were cultured in DMEM supple-
mented with 10% FBS, L-glutamine, penicillin/streptomycin, Na-pyruvate,
and 300 pg/mL G418. MDA-468 expressing empty vector or doxycycline-
inducible CD318 was also cultured in the same media described above
with Zeocin in place of G418. Caco-2 cells were also cultured in the same
media described in the absence of selection pressure. MDA-468 expressing
vector control and doxycycline-inducible CDCP1 were stimulated with
100 ng/mL doxycycline overnight (32).

CD166 Knockout Cell Line Development. CD166 was knocked out in the HT-
1080 cells by using CRISPR/Cas 9 technology. In brief, RNA (AGACGGTGGC-
GGAGATCAAG, Horizon Discovery) was transfected into cells by lipofection.
Transfection efficiency more than 20% is considered successful. Efficiency was
monitored by the surrogate marker, GFP. Cells lacking cell-surface CD166
were selected by fluorescence-activated cell sorting using an antibody against
the extracellular domain of CD166 (R&D Systems; MAB656). Cell population
was further purified by single-cell colony formation in soft agar. After
identification of pure, CD166-negative clonal populations, five clones were
selected at random and mixed to create the CD166-KO cell line.

Antibodies. 3A11 mAb was developed and characterized (10, 11). mAbs
against human CD166, human CD318 (clone: CUB1), and mouse 1gG2b iso-
type control were all obtained from Biolegend. The polyclonal anti-
CD318 antibody was obtained from Thermo Scientific. Recombinant human
CD6 was obtained from R&D. Recombinant mouse CD6 was described (10).
Purified human IgG1 was obtained from Sigma-Aldrich. Alexa 488-conjugated
donkey anti-mouse 1gG and Alexa 488-conjugated donkey anti-human IgG
were both obtained from ImmunoResearch. Alexa 488-conjugated polyclonal
anti-human CD6 was obtained from R&D. FITC-conjugated mouse IgG isotype
control was obtained from Biolegend.

Immunoprecipitations. For 3A11 mAb IP, HBL-100 breast carcinoma cells were
biotinylated by using E-Z link sulfo-NHS-LC biotin and subsequently lysed in
Nonidet P-40 lysis buffer (Invitrogen) containing 0.1% SDS (Fisher Scientific),
0.1% deoxycholic acid (Sigma-Aldrich), and one cOmplete tablet of protease
inhibitor (Roche) on ice for 30 min. Immunoprecipitation was performed
overnight at 4 °C by using either mouse 1gG1 or 3A11 mAb. Antigen-anti-
body complexes were pulled down by using protein (A+G). Following
antigen-recombinant protein complex pull down, the samples were boiled
for 5 min in 2x Laemmli sample buffer (Bio-Rad). For Western Blot, samples
were loaded onto an SDS/PAGE and following electrophoresis, proteins were
transferred to a polyvinylidene difluoride (PVDF) membrane for Western
blotting. The membrane was incubated for 1 h at room temperature with
blocking buffer containing 5% BSA and 0.05% Tween 20. Following block-
ing, the protein was detected by using streptavidin-HRP conjugate and vi-
sualized by using the chemiluminescent substrate ECL (Amersham Biosciences).
In some experiments, HBL-100 carcinoma cells were not biotinylated before
the preparation of cell lysates for immunoprecipitation with either mouse
19G1 or 3A11 mAb as described above. Following blocking of the PVDF
membrane, the membrane was incubated with CDCP1 (Thermo Scientific)
primary antibody and followed by HRP-conjugated goat anti-rabbit (Southern
Biotech). The protein was visualized by using ECL Western Blot detection re-
agent (Amersham Biosciences).

Recombinant Soluble CD6 IP. HT1080 CD166-KO cells were lysed in 0.5%
Nonidet P-40 (Roche) lysis buffer on ice for 30 min. Lysates were immuno-
precipitated with either purified human IgG1 or recombinant mouse CD6
overnight at overnight at 4 °C. Protein A/G-agarose beads was then added to
the samples for 3 h. Following antigen-recombinant protein complex pull
down, the samples were boiled for 5 min in 2x Lamini sample buffer (Bio-
Rad). For Western blot, samples were loaded onto an SDS/PAGE and fol-
lowing electrophoresis, proteins were transferred to a PVDF membrane for
Western blotting. Following blocking of the PVDF membrane, the membrane
was incubated with an anti-CDCP1 (Thermo Scientific) primary antibody and
followed by HRP-conjugated goat anti-rabbit 1gGs (Southern Biotech).

Enyindah-Asonye et al.

In-Gel Digestions and Mass Spectrometry. Proteins immunoprecipitated by
mAb 3A11 were separated by SDS/PAGE. Bands at the appropriate size were
excised and destained with 50% acetonitrile in 100 mM ammonium bi-
carbonate followed by 100% acetonitrile. Cysteine residues were first re-
duced by incubating the sample with 20 mM DTT at room temperature for
60 min, and then alkylated with 50 mM iodoacetamide for 30 min in the dark.
The gel pieces were washed with 100 mM ammonium bicarbonate, dehy-
drated in acetonitrile, dried in a SpeedVac centrifuge, and then rehydrated in
50 mM ammonium bicarbonate containing sequencing grade modified
trypsin for overnight digestion at 37 °C. The resulting proteolytic peptides
were extracted from the gel with 50% acetonitrile in 5% formic acid, dried,
and reconstituted in 0.1% formic acid for liquid chromatography (LC)-MS/MS
analysis.

The digests were analyzed by LC-MS/MS using Orbitrap Elite Hybrid Mass
Spectrometer (Thermo Electron), equipped with a Waters nanoAcquity UPLC
system. The spectra were acquired in the positive ionization mode by data-
dependent methods consisting of a full MS scan at 120,000 resolution and MS/
MS scans of the 20 most abundant precursor ions in ion traps by collision-
induced dissociation at normalized collision energy of 35%. A dynamic ex-
clusion function was applied with a repeat count of 2, repeat duration of 30's,
exclusion duration of 45 s, and exclusion size list of 500. The obtained data
were submitted for a database search by using Mascot Daemon (Matrix
Science). Carbamidomethylation of Cys was set as a fixed modification,
whereas oxidation of Met was selected as variable modifications. The mass
tolerance was set as 10 ppm for precursor ions and 0.8 Da for productions.
SwissProt (July 2014) database (546,000 sequences; 194,259,968 residues) was
used for searching against the taxonomy of human (20,210 sequences). The
significance threshold P value was set to <0.05. Proteins hits with at least
two unique peptides at Mascot score >20 were considered to be identified.

Flow Cytometric Staining. For CD318, CD166, and 3A11 mAb cell surface
staining, cells were stained with anti-human CD318, anti-human CD166, and
3A11 mAb, respectively, on ice for 30 min. Following 3A11 mAb cell surface
staining cells, these cells were washed and subsequently stained with the
secondary antibody Alexa 488-conjugated donkey anti-mouse IgG and an-
alyzed by flow cytometry. For soluble CD6 cell surface staining, HT1080
CD166-KO cells were incubated with 1 uM recombinant human CD6-lg or
human IgG1 at 4 °C for 45 min. After 45 min, the cells were washed and
subsequently stained with Alexa 488-conjugated donkey anti-human IgG at
4 °C for 30 min, washed, and analyzed by flow cytometry. In some experi-
ments, HBL-100 cells or synovial fibroblasts were stimulated with 1,000 U/mL
human IFN-y for 72 h before analyzing the expression of CD318 by flow
cytometry.

For rCD318 binding to control or human CD6-expressing CHO cells, these
cells were incubated with rCD318 at 4 °C for 45 min. After 45 min, the cells
were washed and subsequently stained with PE-conjugated mAb against
human CD318 at 4 °C for 30 min, washed, and analyzed by flow cytometry.

Production of Recombinant CD318 Extracellular Domains and Western Blots.
Gene sequence encoding for the extracellular domains of CD318 with a
C-terminal 6XHis-tag was synthesized (Genscript) and cloned into the ex-
pression vector pcDNA3.1. After transfection of the expression construct
into 293 cells for transient expression, recombinant CD318 in the culture
supernatant was purified by nickel affinity chromatography following
published protocols. For Western blots, the same amount of either
recombinant CD318 or BSA was separated by SDS/PAGE and transferred to a
PVDF membrane, then probed with either the 3A11 mAb or a rabbit anti-
human CD318 antibody, followed by either rat anti-mouse HRP conjugate
or goat anti-rabbit HRP conjugate, respectively. Protein bands were visu-
alized by using the chemiluminescent substrate ECL.

Induction of EAE. EAE was induced by active immunization, and disease se-
verity was assessed by assigning clinical scores following published protocols
(52, 53). In brief, 8- to 10-wk-old female mice were immunized at the base of
the tail and in both thighs with 200 pg of mouse MOGss_s5 peptide (custom
synthesized by GenScript USA) emulsified in CFA (Difco Laboratories) that
had been supplemented with Mycobacterium tuberculosis strain H37Ra to
4 mg/mL. Pertussis toxin (0.2 pg; List Biologic Laboratories) was injected i.p.
immediately after immunization and the following day. Clinical severity was
assessed daily with a 0-5 scoring system (0, no signs; 1, flaccid tail; 2, im-
paired righting reflex and/or gait; 3, partial hind limb paralysis; 4, total hind
limb paralysis; 5, moribund or dead).

Histological Analysis of Spinal Cords. Following killing of the mice, spinal
cords were removed and fixed in 10% formalin in PBS buffer for 24 h, then
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embedded in paraffin. Sections were cut at 5 pm on a microtome and
stained with hematoxylin and eosin (H&E) to assess CNS inflammatory in-
filtrates by following established protocols.

Analysis of CD4+ T-Cell Infiltration in the Spinal Cord of EAE Mice. At the end of
EAE experiments, mice were perfused through the left ventricle by using
100 mL of HBSS, then spinal cords were dissected, washed by HBSS, and
digested with 10 mg/mL collagenase d (Roche) at 37 °C for 45 min with
shaking every 15 min. Cells released from the digestion were passed through
a 70-pm cell strainer and separated by using 38% Percoll. After this process,
single-cell suspension was prepared and stained with an anti-CD4 mAb
(Biolegend) followed by flow cytometric analysis.

Th1 and Th17 Recall Assays. Splenocytes were collected immediately following
killing of the mice. After lysing the red blood cells, 0.4 x 10 splenocytes were
incubated with or without 10 pg/mL of the MOGss_ss peptide in 100 pL of
RPMI medium with 10% FBS in each well of a 96-well plate. After 72 h, IFN-y
and IL-17a levels in the culture supernatants were measured by respective
ELISA (Biolegend) following manufacturer-provided protocols.

Analysis of CD318 Expression on BMECs. Mouse BMEC were isolated by fol-
lowing a published protocol (54). In brief, mouse brains were isolated, and
the brainstems, cerebella, thalami, and meninges were removed under a
dissecting microscope. The remaining tissue was minced and digested by
5 mg/mL collagenase CLS2 (Worthington Biochemical) in DMEM for 1 h at
37 °C, then washed with 20% BSA-DMEM and centrifuged at 1,000 x g for
20 min at 4 °C. The pellet was resuspended in 1 mg/mL collagenase/dispase
(Worthington Biochemical) and incubated for another 1 h at 37 °C. After the
final washing, the resultant cells were cultured in endothelial cell medium
(PeproTech). The isolated BMEC purity was determined by flow cytometric
analysis after staining the cells with an anti-CD34 mAb (Biolegend). For CD318
expression detection, the cells were stimulated with or without 1,000 U/mL of
IFN-y, then incubated with 10 pg/mL sheep anti-mouse IgG (R&D Systems) or
sheep 1gGs, then analyzed by a flow cytometer.

Synovial Tissue and Synovial Fluid Specimens. Synovial tissue specimens were
obtained from patients with RA (n = 13) and OA (n = 20) at the time of
arthroplasty. Normal synovial tissues were obtained from cadavers (n = 17).
A portion of each tissue was homogenized for ELISAs. Synovial fluids were
obtained at therapeutic arthrocentesis from patients with RA (n = 36), OA
(n =28), and JIA(n = 10). In all cases, synovial tissue and fluid specimens were
excess materials obtained at procedures performed for clinical indications.

IHC Staining. Human ST sections were fixed in cold acetone and then treated
with 3% peroxidase in 0.1 M Tris. Tissues were blocked with 3% horse serum.
The sections were incubated with the 3A11 mAb (mouse anti-human CD318
1gG) or purified mouse IgG (MyBioSource) for an additional hour. Then, a
1:100 dilution of horse anti-mouse biotinylated secondary antibody (Vector)
was added to the tissue sections and incubated at room temperature. Then
VECTASTAIN Elite ABC HRP Kit (Vector) was added at a 1:10,000 dilution.
Finally, diaminobenzidine tetrahydrochloride substrate (Vector) was added
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to the sections. The sections were then counterstained with Harris’ hema-
toxylin and dipped in saturated lithium carbonate solution for bluing and
then mounted with coverslips.

ELISA of Soluble CD318. Levels of soluble CD318 in sera and synovial fluids
were measured by an ELISA kit (R&D Systems) per the manufacturer’s
protocol.

T-Cell Chemotaxis Assay. CD3* T-cells were isolated by using a RosetteSep
lymphocyte isolation kit (Stem Cell Technologies) and instructions were
followed per the manufacturer’s protocol. Cytospin examination was per-
formed to ensure that the isolated cells were lymphocytes.

Chemotaxis membranes were coated with type IV collagen (Sigma-Aldrich)
used at 1 pg/mL overnight and dried. Forty microliters of varying concen-
trations of CD318 (50, 100, 200, 400, 800, and 1,600 pg/mL) were added to
wells in the bottom of the chamber. T cells (10 x 10° cells per mL in PBS,
0.04 mL containing 400,000 T cells per sample) were placed in the top wells
of a 48-well Boyden chemotaxis chamber. PBS served as the negative control
in this experiment and TARC, a known T-cell chemoattractant (55), was the
positive control. After 18 h, the membranes were then removed and stained
with Diff-Quik (Thermo Fisher Scientific). Readings represent the number of
cells migrating through the membrane (the sum of three high power 40x
fields per well, averaged for each quadruplicate well).

Adhesion Assay. CD3" T-cells were isolated by using a RosetteSep lymphocyte
isolation kit (Stem Cell Technologies) and were stained with carboxy-
fluorescein succinimidyl ester (Thermo Fisher Scientific) at 5 pM. RA synovial
fibroblasts at culture passage 4-8 were stimulated with 1,000 U/mL IFN-y
(Cell Signaling Technologies) in 10% FBS in culture media or in 10% FBS for
3 d. Fibroblasts were then incubated with mouse 1gG, anti-CD318, anti-CD 166,
or both anti-CD318 and anti-CD166. T cells were added at 50,000 cells per well
onto fibroblasts and incubated for 1 h at room temperature. Intensity was
measured with a Synergy plate reader.

Statistics. EAE clinical scores were evaluated with two-way ANOVA and
Bonferroni’s post hoc testing. One-tailed P values <0.05 were considered
significant. MOG recall T-cell assays were evaluated with nonparametric
t test. One-tailed P values <0.05 were considered significant.

Study Approval and Animal Use. All procedures involving mice were approved
by the Institutional Animal Care and Use Committee of Cleveland Clinic, and
all were done in accordance with the US Department of Health and Human
Services Guide for the Care and Use of Laboratory Animals, and institutional
guidelines. Human tissues samples were collected as part of study no. 2002—
0875, which was approved by the University of Michigan Institutional Review
Board. All subjects provided informed consent before their participation in
the study.
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