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Plasma Osteopontin Predicts Inflammatory
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A glycoprotein osteopontin (OPN) is involved in inflammatory diseases, but its roles in
inflammatory bowel disease (IBD) are controversial. To analyze the involvement of the
systemic immune response, we simultaneously examined plasma OPN levels and 17
cytokines. This study included 24 ulcerative colitis (UC) patients, 17 Crohn’s disease
(CD) patients, and 23 normal controls. Clinical parameters were also examined. The
plasma OPN levels of the UC and CD patients were significantly higher than those of the
normal controls and correlated significantly with their clinical activity indices. In the UC
patients, significant relationships were observed between the levels of plasma OPN and
multiple cytokines, including interleukin (IL) —1p, IL-4, IL-5, IL-6, IL-7, IL-13, interferon-
v, tumor necrosis factor-a, and granulocyte-macrophage colony-stimulating factor. In the
CD patients, the correlation was not significant except for IL-8. Our findings reflect
different inflammatory states of the colon and rectum in both diseases.
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he etiologies of chronic inflammatory bowel genetic susceptibility and various environmental
disease (IBD), ulcerative colitis (UC), and factors (such as diet).! Of the multiple immunologic
Crohn’s disease (CD) have not been fully elucidated. =~ parameters, we have focused on osteopontin (OPN)
Although the etiology of IBD remains unknown, as a novel clinical marker of IBD.>’
pathogenetic factors that have been implicated OPN is a glycosylated phosphoprotein that plays
include microbial agents, immune dysfunction, an important role in bone metabolism, inflammation
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PLASMA OSTEOPONTIN PREDICTS IBD

and immunologic function in response to infectious
diseases.*” OPN is essential for Thl immunity
because it promotes interleukin-12 (IL-12) produc-
tion by macrophages, increases the levels of inter-
feron-y (IFN-y), and diminishes IL-10 levels in the
lymph nodes drained from granulomatous tissues.
There have been many reports suggesting the
involvement of OPN in immune function. One
report has demonstrated that experimental autoim-
mune encephalomyelitis in OPN-deficient OPN
mice was milder than in wild-type mice.” OPN-
knockout mice exhibit milder symptoms associated
with anti-type-II collagen antibody-induced experi-
mental arthritis.® Clinical reports have also suggest-
ed the possible importance of OPN in autoimmune
diseases, on the basis of a positive correlation
between plasma OPN levels and the neurologic
activities of relapsing-remitting multiple sclerosis’
and a correlation between synovial fluid OPN levels
anc}othe local manifestations of rheumatoid arthri-
tis.

With respect to IBD, Gassler et al first demon-
strated increased OPN expression in the terminal
ilea of patients with CD." Significant correlations
between plasma OPN levels and the disease
activities of CD'*'*> and UC'* have been reported.

In the context of UC, we reported a 23.4-fold
increase in OPN mRNA expression compared with
normal control colon tissues using gene-chip anal-
ysis.> We confirmed these findings using protein-
level analysis and localized macrophage-like cells in
the colon using immunohistochemical techniques.’
However, the pathophysiological roles of plasma
OPN and the relationships between other inflam-
matory markers and cytokine levels are, thus far,
unknown. Here, we investigated the potential roles
of OPN in the immune response to IBD by
simultaneously examining multiple cytokines via
suspension array analysis.

Materials and Methods

Patients and samples

Blood samples were obtained by venipuncture from
patients with UC (n=24), patients with CD (n=17),
and healthy volunteers (controls, n = 23) between
November 2008 and November 2009. Inclusion
criteria were the following: age > 18 years, both
genders, and homogeneous ethnic group (Japanese).
We excluded the patients who complicated with
autoimmune diseases, diabetes mellitus, and local
or systemic inflammations. Of the 24 patients with
UC, 7 patients underwent proctocolectomy. The 17
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UC patients who were not subjected to operations
included 10 men and 7 women. Their ages ranged
from 19 to 61 years old, with a mean of 41.8 years.
There were 9 patients with a total colon type, 5
patients with left colitis, and 3 patients with
proctitis. The 7 UC patients who underwent
proctocolectomy included 4 men and 3 women
(age range, 32—67 years; mean, 47.4 years). All 7
patients had total colitis-type IBD. The patients with
CD consisted of 15 men and 2 women (age range,
18-51 years; average, 39.4 years). Of these 17
patients, 14 had the small-large intestinal type,
where both the small and large intestines were
affected. The healthy volunteers included 13 men
and 10 women (age range, 25-53 years; average, 34.8
years). The clinical activities of the patients with UC
were determined using the clinical activity index
(CAI) and wulcerative colitis activity index
(UCAI)."'® For the patients with CD, Crohn’s
disease activity index (CDAI)" and the index of
inflammatory bowel disease (IOIBD)'® were deter-
mined. The ethics committee of Nihon University
Nerima Hikarigaoka Hospital approved the study
protocol. Written informed consent was obtained
from the patients before sampling. The data ob-
tained via routine laboratory examinations were
also examined.

OPN

Plasma OPN levels were measured using an
enzyme-based immunoassay with the Human Os-
teopontin Assay Kit (IBL, Takasaki, Gunma, Japan),
according to the manufacturer’s instructions. Briefly,
100 pL of osteopontin standards or plasma samples
were added to 96-well plates coated with an anti-
osteopontin antibody and incubated for 1 hour at
37°C. After incubation and washing, treatment with
secondary antibody was carried out for 30 minutes
at 4°C. After washing, plates were incubated with
TMB substrate for 30 minutes. Reaction (color
development) was stopped by adding 100 pL of
1% sodium dodecyl sulfate. Absorbance was read
using a microplate reader at 450 nm.

Cytokines

Serum cytokine concentrations were measured
using the Bio-Plex suspension array system (Bio-
Rad Laboratories, Hercules, CA, USA) with the Bio-
Plex Human 17-Plex Panel (Bio-Rad Laboratories,
Hercules, CA, USA), according to the manufactur-
er’s instructions. The Bio-Plex cytokine assay is
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designed for the multiplexed quantitative measure-
ment of multiple cytokines in a single well using 50
puL of serum sample. In the present study, the
premixed multiplex beads of the Bio-Plex Human
17-Plex Panel included 17 cytokines (IL-1pB, IL-2, IL-
4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12 (p70), IL-13, IL-
17, G-CSF, GM-CSF, IFN-y, MCP-1, MIP-1pB, and
TNF-0). Briefly, 50 pL of cytokine standards or
serum samples were incubated with 50 pL of anti-
cytokine-conjugated beads in 96-well filter plates for
30 min at room temperature with shaking. The
plates were washed three times with 100 puL of wash
buffer by vacuum filtration, 25 pL of the diluted
detection antibody was then added, and the plates
were incubated for 30 minutes at room temperature
with shaking. After three washes, 50 pL of strepta-
vidin-phycoerythrin were added, and the plates
were incubated for 10 minutes at room temperature
with shaking. Finally, the plates were washed three
times. The beads were suspended in Bio-Plex assay
buffer and analyzed on a Bio-Rad 96-well plate
reader using the Bio-Plex Suspension Array System
and Bio-Plex Manager software (Bio-Rad Laborato-
ries, Hercules, CA, USA).

Statistical analysis

The data were analyzed using Welch’s t-test, Tukey-
Kramer test, and Pearson’s correlation coefficient
test using Statcel 2 software (The Publisher OMS
Ltd., Tokorozawa, Saitama, Japan). A probability
level of 5% (P < 0.05) was considered to be
statistically significant.

Results
Plasma OPN levels elevated in UC and CD patients

The plasma OPN levels of UC (380.3 * 174.5 ng/
mL) and CD patients (543.7 * 316.7 ng/mL) were
significantly higher than those of normal controls
(254.7 = 131.9 ng/mL; Fig. 1A). The plasma OPN
levels of the seven UC patients managed by

—
Fig. 1 Plasma OPN levels were elevated both in patients with
UC and CD. (A) The plasma OPN levels of UC and CD patients
were significantly higher than those of normal controls. (B) In 7
UC patients managed via proctocolectomy, the plasma OPN
levels after surgery were decreased compared with normal
control levels. 1: control; 2: UC patients after proctocolectomy; 3:
UC patients without surgical treatment. **, P < 0.01, as
determined by Welch'’s t-test or Tukey-Kramer test.
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Table 1 Serum cytokine level

Control (n =23) CD (n=17) UC (n=17)
IL-1b 0.51 = 0.10 1.26 = 0.22** 1.13 + 0.20*
IL-2 N.D. N.D. N.D.
1.4 0.97 + 0.20 242 + 0.23** 2.15 * 0.21*
IL-5 1.26 = 0.24 2.34 + 0.33* 2.24 + 0.31*
IL-6 2.78 + 0.54 13.84 = 3.21** 6.78 * 0.91**
IL-7 490 = 040 10.82 = 1.41** 8.06 * 0.94**
IL-8 11.94 + 2.95 34.05 = 6.79** 2495 * 3.70**
IL-10 0.43 £ 0.13 1.27 + 0.34* 0.93 * 0.22
IL-12 (p70) 6.40 = 1.44 2291 + 2.74** 17.44 = 1.95**
IL-13 3.53 £ 0.64 8.03 = 0.78* 7.58 + 0.66**
IL-17 1.52 = 0.66 549 + 1.87 7.23 + 2.33*
G-CSF 2.20 = 0.29 6.07 = 0.84** 5.05 * 0.94**
GM-CSF 8.69 = 2.51 2526 * 4.69**  20.58 * 4.27*
IFN-g 49.81 £ 10.80 126.88 = 10.48** 113.89 * 9.33**
MCP-1 23.24 + 2.64 3144 + 412 31.78 + 3.77
MIP-1b 126.87 = 15.73 167.41 = 20.53  174.16 * 27.37
TNF-a 456 = 1.08 13.36 * 3.80* 10.26 + 2.38*

*0.01 <P <0.05
* P <0.01

Serum cytokine levels were differentially elevated in the IBD
patients. The serum levels of 17 cytokines were measured using a
suspension array. The UC group (listed in Table 1) shows 17
patients without surgical treatment. (Seven UC patients who
underwent proctocolectomy were excluded.)

*P<0.05.
**P<0.01, as determined by Welch’s t-test.

proctocolectomy were as low as normal control
levels (269.2 = 80.8 ng/mL; Fig.1B).

Serum cytokine levels differentially elevated in IBD
patients

The 17 serum cytokine levels measured by the
suspension array system are shown in Table 1. The
UC group (listed in Table 1) shows the 17 patients
without surgical treatment. (Seven UC patients who
underwent proctocolectomy were excluded.) In the
UC patients, all of the cytokines (except IL-10, MCP-
1, and MIP-1B) were significantly elevated com-
pared with normal controls. All of the cytokine
levels in the CD group (except those of IL-17, MCP-
1, and MIP-1p) were significantly greater than those
of the normal control group. IL-2 was below the
detection limit in both groups.

Plasma OPN levels in IBD patients correlate with
clinical indices and serum cytokine levels

The correlations among the plasma OPN level,
inflammatory cytokines and clinical activity indices
are shown in Table 2. In both UC and CD, significant
correlations were observed between the plasma
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OPN levels and clinical activity indices (Table 2A,
B). However, correlation patterns between OPN and
the other markers (including the serum cytokines)
were dissimilar in these two diseases.

In the UC patients, remarkable correlations were
observed between OPN and multiple inflammatory
cytokines, including IL-1B, IL-4, IL-5, IL-6, IL-7, IL-
13, and IFN-y. In particular, the clinical activity
indices (including the CAI and UCAI) had strong
correlations with the inflammatory cytokines. How-
ever, weak correlations were observed between the
CRP and WBC counts and other markers, including
OPN and the clinical activity indices (Table 2A).

In the CD patients, we observed a remarkable
correlation solely between OPN and IL-8. Interest-
ingly, strong correlations were observed between the
CRP and WBC counts and the inflammatory
cytokines (Table 2B).

No correlations between OPN and inflammatory
cytokines were found for the UC patients after
proctocolectomy (data not shown).

Discussion

Idiopathic IBD consists of two forms, UC and CD.
Although they share common backgrounds, they
exhibit many clinical and pathologic differences. In
the present study, we observed novel differences
between these two diseases in terms of their
associated plasma OPN levels, cytokines, and
inflammatory markers. There have been many
reports indicating a correlation among the clinical
activity of IBD, serum cytokines and OPN levels.
However, OPN levels and clinical activity of IBD are
controversial. Sato et al reported elevated plasma
OPN and significant correlation with disease activ-
ity in CD, but no correlation was reported for UC.'*
However, Mishima et al reported a positive correla-
tion between the serum OPN concentration and
disease activity in UC.'* In the present study, OPN
levels were increased in both diseases. In addition,
we observed more significant relationships between
OPN levels and clinical activity, as indicated by the
CDAI, IOIBD, UCAI, and CAIL Interestingly, al-
though the plasma levels of OPN were increased in
CD, the relationship between the plasma OPN level
and inflaimmatory cytokines was less prominent.
However, the WBC counts and CRP levels correlat-
ed with the inflammatory cytokines. In UC, signif-
icant relationships were observed between the levels
of many inflammatory cytokines and plasma OPN
expression. Therefore, our findings suggest that the
plasma OPN level more accurately reflects UC
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Table 2A  Correlation of plasma OPN with clinical indices and serum cytokine levels (LIC)

PLASMA OSTEOPONTIN PREDICTS IBD

OPN CAI UCAI CRP WBC

r P r P r P r P r P
CAI 0.942 0.001
UCAI 0.946 0.001 0.962 0.001
CRP 0.514 0.035 0.596 0.012 0.559 0.020
WBC 0.342 0.179 0.403 0.109 0.354 0.163 0.288 0.262
IL-1b 0.703 0.002 0.721 0.002 0.603 0.014 0.495 0.051 0.579 0.019
1IL-4 0.667 0.003 0.584 0.014 0.546 0.023 0.412 0.100 0.462 0.062
IL-5 0.607 0.009 0.552 0.022 0.456 0.066 0.433 0.083 0.421 0.092
IL-6 0.683 0.003 0.645 0.005 0.538 0.026 0.364 0.150 0.485 0.049
IL-7 0.642 0.005 0.611 0.009 0.498 0.042 0.439 0.078 0.353 0.165
IL-8 0.341 0.180 0.311 0.225 0.226 0.383 0.378 0.135 0.527 0.030
IL-10 —0.347 0.360 —0.378 0.316 —0.481 0.190 -0.670 0.048 —0.498 0.172
IL-12(p70) 0.273 0.289 0.308 0.230 0.158 0.544 0.161 0.538 0.182 0.484
IL-13 0.643 0.005 0.579 0.015 0.510 0.036 0.458 0.064 0.417 0.096
IL-17 0.560 0.117 0.391 0.298 0.312 0.414 0.162 0.677 —0.098 0.802
G-CSF 0.392 0.120 0.303 0.237 0.231 0.373 0.364 0.151 0.624 0.007
GM-CSF 0.592 0.043 0.587 0.045 0.442 0.150 0.372 0.234 0.485 0.110
IFN-g 0.614 0.009 0.604 0.010 0.516 0.034 0.436 0.080 0.522 0.032
MCP-1 0.552 0.022 0.667 0.003 0.558 0.020 0.344 0.177 0.404 0.108
MIP-1b 0.579 0.015 0.557 0.020 0.455 0.067 0.396 0.116 0.143 0.584
TNF-a 0.617 0.025 0.615 0.025 0.473 0.103 0.609 0.027 0.415 0.159
Table 2B~ Correlation of plasma OPN with clinical indices and serum cytokine levels (CD)

OPN I0IBD CDAI CRP WBC

r P r P r P r P r P
10IBD 0.797 0.001
CDAI 0.875 0.001 0.869 0.001
CRP 0.531 0.028 0.716 0.001 0.649 0.005
WBC 0.497 0.042 0.613 0.009 0.700 0.002 0.720 0.001
IL-1b 0.250 0.332 0.508 0.037 0.386 0.126 0.796 0.001 0.655 0.004
IL-4 0.292 0.255 0.484 0.049 0.385 0.127 0.742 0.001 0.658 0.004
IL-5 0.089 0.734 0.390 0.122 0.336 0.187 0.648 0.005 0.673 0.003
IL-6 0.516 0.034 0.599 0.011 0.640 0.006 0.873 0.001 0.772 0.001
IL-7 0.307 0.231 0.561 0.019 0.426 0.088 0.785 0.002 0.624 0.001
IL-8 0.623 0.008 0.692 0.002 0.593 0.012 0.813 0.001 0.578 0.015
IL-10 0.131 0.737 0.396 0.291 0.072 0.853 0.417 0.265 0.213 0.583
IL-12(p70) 0.428 0.086 0.497 0.042 0.592 0.012 0.671 0.003 0.510 0.037
IL-13 0.496 0.043 0.518 0.033 0.527 0.023 0.750 0.001 0.692 0.002
IL-17 0.561 0.092 0.580 0.079 0.434 0.210 0.745 0.013 0.598 0.068
G-CSF 0.513 0.035 0.617 0.008 0.609 0.010 0.790 0.001 0.689 0.002
GM-CSF 0.349 0.266 0.581 0.047 0.582 0.047 0.784 0.003 0.750 0.005
IFN-g 0.155 0.554 0.453 0.068 0.349 0.170 0.715 0.001 0.659 0.004
MCP-1 0.277 0.282 0.340 0.182 0.199 0.443 0.503 0.039 0.441 0.077
MIP-1b 0.254 0.325 0.311 0.225 0.304 0.236 0.518 0.033 0.264 0.307
TNF-a 0.185 0.509 0.396 0.144 0.298 0.281 0.686 0.005 0.501 0.057

The correlations among the plasma OPN level, inflammatory cytokines, and clinical activity indices are shown in Table 2. A: UC, B:
CD. The correlation coefficient (r) was determined using Pearson’s correlation coefficient test. Italic numbers:: 0.01 <P <0.05; bold

numbers: P < 0.01.

CAl, clinical activity index; CDAIL Crohn’s disease activity index; CRP, C-reactive protein; G-CSE, granulocyte colony-stimulating
factor; GM-CSF, granulocyte macrophage colony-stimulating factor; IFN, interferon; IL, interleukin; IOIBD, index of inflammatory
bowel disease; MCP, monocyte chemotactic protein; OPN, osteopontin; TNF, tumor necrosis factor; UCAI, ulcerative colitis activity

index; WBC, white blood cell.
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disease activity than general inflammatory markers,
such as CRP levels and WBC counts.

Elevated serum IFN-v, IL-6, TNF-a, IL-18, and IL-
10 have been reported in the active phase of IBD."**
Although early reports have suggested CD and UC
are Thl-and Th2-mediated inflammatory diseases,
respectively,” our results suggest that both the Th1
and Th2 cytokines are increased in both diseases. In
this sense, we consider the respective classification
of CD and UC as Th1- and Th2-mediated diseases to
be an oversimplification.

Our results partially agree with those of previous
publications,'*'* but only revealed significant rela-
tionships between OPN and inflammatory cytokines
in UC. Furthermore, plasma OPN levels were
reduced, and these relationships completely disap-
peared after proctocolectomy. This fact suggests that
OPN is produced at the inflammation site and
positively correlates with the pathophysiology of
UC. We previously reported increased local produc-
tion of OPN in inflamed bowel tissue at both the
protein and mRNA levels.? Here, we suggest possible
roles for OPN in the disease process of UC and its use
as a more reliable clinical marker of disease activity.

In conclusion, we propose the use of OPN as a
clinical marker of UC and CD. Although there are
many differences in the pathophysiologies of these
two diseases, OPN reflects the inflammatory state of
the colon and rectum.
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