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Abstract

Background: Development of inflammatory bowel disease (IBD) involves the interplay of environmental and genetic
factors with the host immune system. Mechanisms contributing to immune dysregulation in IBD are not fully defined.
Development of novel therapeutic strategies is focused on controlling aberrant immune response in IBD. Current IBD
therapy utilizes a combination of immunomodulators and biologics to suppress pro-inflammatory effectors of IBD.
However, the role of immunomodulatory factors such as annexin A1 (ANXA1) is not well understood. The goal of this
study was to examine the association between ANXA1 and IBD, and the effects of anti-TNF-a, Infliximab (IFX),
therapy on ANXA1 expression.

Methods: ANXA1 and TNF-a transcript levels in PBMC were measured by RT PCR. Clinical follow up included the
administration of serial ibdQs. ANXA1 expression in the gut mucosa was measured by IHC. Plasma ANXA1 levels
were measured by ELISA.

Results: We found that the reduction in ANXA1 protein levels in plasma coincided with a decrease in the ANXA1
mRNA expression in peripheral blood of IBD patients. ANXA1 expression is upregulated during IFX therapy in
patients with a successful intervention but not in clinical non-responders. The IFX therapy also modified the cellular
immune activation in the peripheral blood of IBD patients. Decreased expression of ANXA1 was detected in the
colonic mucosa of IBD patients with incomplete resolution of inflammation during continuous therapy, which
correlated with increased levels of TNF-a transcripts. Gut mucosal epithelial barrier disruption was evident by
increased plasma bacterial 16S levels.

Conclusion: Loss of ANXA1 expression may support inflammation during IBD and can serve as a biomarker of
disease progression. Changes in ANXA1 levels may be predictive of therapeutic efficacy.
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Introduction

Inflammatory bowel disease (IBD) is a debilitating disorder
characterized by severe inflammation of the gastrointestinal
tract, often leading to physical symptoms of abdominal pain
and recurrent diarrhea [1,2]. Ulcerative Colitis (UC) and Crohns
Disease (CD) are the two most common forms of IBD. The
course of IBD varies among patients and includes a wide
spectrum of complications such as intestinal hemorrhage, toxic
megacolon, abscess and stricture formation, and fistulizing
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disease. One of the mechanisms of IBD includes the
breakdown of gut homeostasis that may be induced by
dysfunction in mucosal immunity [2-4]. Both human and murine
studies suggest that several genetic defects in innate immunity
and aberrant T-cell activation play a critical role in the
pathogenesis of IBD [5,6]. Additionally, studies using an in-vivo
murine model suggest that IBD symptoms may be attributed to
TNF-a-induced intestinal T-cell activation [7]. In the last
decade, administration of anti-TNF-a antibodies (Infliximab,
IFX) has been effective in treating subsets of IBD patients. IFX
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therapy was shown to produce early changes in the gene
expression profiles of intestinal epithelial cells that were
predictive of clinical response [8].

Several investigations have focused on the identification of
biomarkers of IBD progression that could be valuable in the
diagnosis and treatment of IBD [9]. Availability of predictive
correlates of clinical response would enable clinicians to
determine the benefits or risks of initiating biologic therapy on
an individual basis [8,10,11]. The majority of IBD biomarkers
are correlates of inflammation. However, limited information is
available on the anti-inflammatory processes and biomarkers in
IBD and whether dysfunction in anti-inflammatory pathways
contributes to the progression of IBD. Annexin A1, an anti-
inflammatory factor, is a 37kDa calcium-dependent
phospholipid  binding protein, originally reported as
glucocorticoid-induced protein with anti-phospholipase activity
[12-14] that has been shown to regulate diverse cellular
functions in several cell types. ANXA1 also exhibits profound
inhibitory actions on leukocyte transmigration and activation,
leading to the resolution of inflammation [15-18]. Its protective
and anti-inflammatory role has been demonstrated in the
animal models of endotoxemia, peritonitis, arthritis, and
cerebral and myocardial ischemia [19-26]. Additionally, it is
implicated in wound healing, especially in the setting of
intestinal inflammation and injury [27,28]. It also has been
shown to promote healing of indomethacin-induced gastric
ulcers [28] and prevent intestinal mucosal injury in the murine
model [29]. Previous studies reported conflicting findings about
the ANXA1 expression in IBD. ANXA1 expression is decreased
in the subcellular fraction of intestinal epithelial cells from
patients with ulcerative colitis as compared to healthy controls,
while other studies found an increase in ANXA1 expression
[28,30]. Thus the role of ANXA1 in IBD and its relationship to
systemic inflammation is unclear.

In this study, we investigated the role of ANXA1 associated
anti-inflammatory processes in the development of IBD and
during IFX therapy. We measured ANXA1 expression in
peripheral blood and gut biopsy samples of patients with CD on
IFX therapy. The complete loss of ANXA1 protein was detected
in colonic tissues from chronic CD patients which correlated
with clinical status, response to therapy, TNF-a expression,
and lymphocyte activation. Our findings suggest that loss of
ANXA1-mediated anti-inflammatory function may be a potential
mechanism of immune dysfunction in the development of IBD.

Materials and Methods

Study Participants

Study participants were enrolled at the University of
California, Davis, Medical Center, in Sacramento, California.
IBD patients with a previous diagnosis of Crohns Disease (CD)
(n = 28) and healthy controls with no prior history of IBD (n =
12) were enrolled in the study (Table 1). The study group and
control group were matched for ethnicity with > 90% of
participants being white/Caucasian. The CD patient group
(consisting of 16 participants on long term longitudinal follow-
up of treatment long term IFX and 12 participants with a single
time point following therapy) was identified based on patients’
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Table 1. Patient characteristics.

Groups

IBD n (%) NC n (%)
Total subjects 28 12
Sex
Male 13 (46%) 6 (50%)
Female 15 (54%) 6 (50%)
Age 41 (21-70) 35 (27-44)
Medications
Infliximab 24(88%) N/A
AZA/6-MP/6-TG 19 (67%) N/A
Methotrexate 3 (9%) N/A
Prograf 5 (15%) N/A
Steroids 9 (30%) N/A
Mesalamines 11 (39%) N/A

Note: n = total subjects. Within parentheses: percentage of patients. Abbreviations:
IBD (inflammatory bowel disease), NC (normal controls), N/A (not applicable).
doi: 10.1371/journal.pone.0076969.t001

clinical history and an “standard of care” endoscopic
evaluation. Longitudinal peripheral blood samples (20ml) were
obtained from all participants. Perioperative gut resection (n=2,
from IBD patients who were unresponsive to medical
management with immunosuppressive agents) or colonic
mucosal biopsy samples (n=6) from selected IBD participants
were obtained. Gut biopsy samples from IBD patients were
obtained from the disease affected region of colon and from an
adjacent normal/unaffected area of the colon of same patients.
Colonic biopsies were also obtained from 5 healthy volunteer
participants. lleo-colic biopsies of healthy volunteers and IBD
patients were obtained by colonoscopy. IBD patients were
provided therapy based on current  therapeutic
recommendations. All participants completed an IBD
questionnaire (IBDQ) at every visit. The IBDQ is a validated
and standardized health related quality of life questionnaire
commonly used to assess response to IBD treatment. Scores
range from 34-224 with a higher score indicating a better
quality of life. The institutional review board at the University of
California, Davis, approved this study protocol. Written consent
was obtained from all participants as per IRB protocol.

Real-Time PCR

DNA and RNA were extracted from isolated PBMC and
plasma samples (Qiagen DNeasy and RNeasy extraction kits,
Qiagen, Valencia) [31,32]. Real-time PCR assay (Tagman) was
used to determine the mRNA levels of ANXA1 and TNF-a in
PBMC. Primer-probe pairs for ANXA1 (Hs00167549_m1),
TNF-a (Hs01113624_g1) and 16S rDNA (Panbakt 923f1:

AACTCAAAGGAATTGACGGGG, Panbakt 923f2:
AACTCAAATGAATTGACGGGG, Panbakt 1124r:
GCTCGTTGCGGGACTTA, Panbakt 1075P:

TGTCGTCAGCTCGTG ) (Applied Biosystems, CA) were
tested and validated to have an amplification efficiency of
>95%, comparable to that of glyceraldehyde-3-phosphate
dehydrogenase (GAPDH). Relative mRNA (ANXA1 and TNF-a)
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expression levels were calculated from normalized AC; (cycle
threshold) values and are reported as the fold-change in
expression. C; values correspond to the cycle number at which
the fluorescence signal exceeds the background fluorescence
(threshold). In this analysis, the C; value for the housekeeping
gene (GAPDH) was subtracted from the C; value of the target
gene for each sample for normalization. For the detection of
changes in gene expression in participant groups the RNA
levels for each gene were compared with the levels in study
group and are presented as the change in expression of each
gene (AAC;). The values were converted to a linear scale
(224€T) (user bulletin 2; ABI Prism 7900 Sequence Detection
System; Applied Biosystems, CA) [33,34]. Based on a
previously determined standard curve, universal bacterial 16S
rDNA levels in plasma samples were analyzed by real-time
PCR assay using an ABI Prism 7900 sequence detector
(Applied Biosystems, CA) [11]. Detection of the 16S rDNA
product in plasma samples by real time PCR assay was
confirmed by DNA sequencing.

ELISA

The Annexin A1 (USCN Life Sciences Inc, Houston, TX) and
CRP (Invitrogen, Camarillo, CA) levels in plasma samples were
determined by ELISA. Briefly, Plasma samples were diluted to
1:150 (for ANXA1) or 1:3000 (for CRP) and used on a
precoated ELISA plate as per manufacturer's suggestions.
Absorbance was measured using an SCA, xMark Absorbance
Reader (Bio-Rad, Hercules, CA) and sample readings were
extrapolated against a concurrently run standard curve. The
values were output as Annexin A1 pg/ml of plasma and CRP
mg/l of plasma.

Immunohistochemistry

Colonic tissue biopsy sections were obtained from healthy
controls (n=5), IBD patients who were responsive to infliximab
(n=6) and from colonic resections of IBD patients who were not
responsive to infliximab therapy and required partial resection
surgery (n=2). Gut mucosal samples were stored in CryoPrep
(American Master Tech Scientific, Lodi). Immunohistochemical
analysis was performed by incubating tissue sections overnight
with a 1:100 dilution of mouse anti-ANXA1 (AbCam, San
Francisco, CA) and reacting with a 1:100 dilution of rabbit
FITC-conjugated anti-mouse (BioGenex, San Ramon, CA).
DAPI was utilized to visualize nuclei [31,33]. Negative controls
consisted of tissue sections reacted with no primary antibody
and non-specific antibody containing serum. Images were
captured by confocal laser microscopy using LSM 5 and
PASCAL software (Zeiss, New York) and processed using the
ZEN 2009 software.

Immunophenotypic Analysis

Peripheral blood mononuclear cells (PBMC) were isolated by
Ficoll gradient and stained with Live/Dead Fixable Dead Cell
Stain  (Life  Technologies, San Jose, CA). PBMC
were stained with antibodies to CD3 (clone: UCHT1,
Biolegend, San Diego, CA), CD4 (clone: OKT4, ebioscience,
San Diego, CA), CD8 (clone: RPA-T8, Biolegend), CD19
(clone: H1B19, Biolegend), CD38 (clone: HIT-2, BD
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Bioscience, San Jose, CA), and CD45RO (clone: UCHLA1, Life
Technologies) followed by fixation with 1% Paraformaldehyde
(Sigma, St. Louis, MO). Samples were collected using a
modified LSRII flow cytometer (BD Bioscience) with a minimum
of 500,000 events collected as previously published . Live
lymphocytes were identified and gated by size, granularity and
negative staining for the viability dye. B and T cell populations
were further analyzed by specific staining. Immunophenotypic
analysis was performed using FlowJo v.8.5.2 (Treestar,
Ashland, OR) [31,32,35].

Statistical Analysis

The data on cell activation, ANXA1, TNF-a and 16S were
analyzed using ANOVA, unpaired t-test (two-tailed), Mann-
Whitney, and their correlations with other variables were
performed with linear regression. Annexin A1 levels in plasma
were analyzed using unpaired and paired T test as necessary.
P values <.05 is designated by a *. Statistical software included
GraphPad Prism version 5.00 for Windows (GraphPad
Software, San Diego).

Results

Characteristics of Study Participants

The study population consisted of approximately 46% males
in the IBD group and 50% in the control groups (Table 1).
Study participants were matched for age, sex, and ethnicity.
The average age of the control participants was 35 years while
that of the IBD group was 41 years of age. The ethnic
distribution among the patient groups was comparable with
greater than 90% of participants being white/causasian. In the
IBD group, all 28 patients were diagnosed with Crohn’s
Disease (CD) by colonoscopy. Diagnosis of CD was made from
histopathological analysis by the clinical laboratory services
[11]. Most of the IBD patients had ileo-colic disease with
minimal flares. A majority of the patients were either on or
initiating Infliximab (IFX) therapy (88%) or AZA/6MP/6TG
(67%) therapy or both (64%). Four IBD patients chose to not
initiate therapy while 2 patients who were unresponsive to
therapy underwent partial resection as a surgical intervention.

IFX therapy modifies T cell activation in IBD patients

Patients with IBD had higher CD4+ T-cell percentages and
lower levels of CD8+ T-cells in peripheral blood as compared to
IBD negative controls, especially prior to IFX therapy (Figure
1A and 1B). Samples from the patients at the initiation of IFX
therapy and patients on continuing IFX therapy had
significantly lower levels of CD4+ T-cells, compared to patients
not on therapy, approaching normal levels (Figure 1A).
However, comparison of the no IFX therapy, and post-IFX as
initial (one single infusion) and continuous (at least 3 dose
regimen) therapy, data showed that the treatment led to a
significant decrease in CD3+CD4+ (from ~ 85% to 61% (initial),
p=0.05 Figure 1A) and a significant increase in the mean
percentage of CD3+CD8+ T-cells (from = 10% to 29% and
26%, respectively, p=0.005, Figure 1B). The post IFX samples
were obtained after IFX infusion. Following IFX administration
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Figure 1. Effect of IFX on lymphocyte counts and cell activation. Flow cytometric analysis of peripheral blood samples from
IBD patients with or without IFX therapy. A-E summarize the immunophenotypes (CD4+, CD8+, CD4+CD38+, CD4+CD45RO+,
CD19+CD38+, respectively). Values are expressed as mean + SEM of percentage of cell percentages. (A) A significant increase in
IBD patients in CD4+ T cells compared to IBD negative healthy controls with a significant decrease in patients initiating IFX therapy
was observed. (B) A significant increase in CD8+ T cells was observed in patients initiating IFX therapy as well as those on
continuous IFX therapy compared to non-treated IBD patients. Patients on continuous IFX therapy also had increased levels of
activated CD4+CD38+ T cells (C), CD4+ CD45RO+ T cells (D) and activated CD19+ CD38+ B cells (E) as compared to patients not
initiating IFX therapy. (*p<0.05).

doi: 10.1371/journal.pone.0076969.g001

for at least 3 months, the patients had a significant increase of
CD4+CD38+ activated T-cell percentages (from = 26% to 52%,
p=0.03, Figure 1C). In addition, there was a significant increase
in memory CD4+ T cell (CD4+CD45R0O+) percentage not only
during continuous treatment (from = 24% to 47%, p=0.03,
Figure 1D), but also immediately following the initial treatment
(from = 24% to 56%, p=0.04). There was a non-significant
increase in activated B cells, CD19+CD38+ (from 18% to 42%
and 45%, respectively, Figure 1E) during IFX therapy.
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ANXA1 mRNA and protein levels are decreased in the
peripheral blood of IBD patients

Measurement of ANXA1 gene expression in PBMC from
patient groups showed that ANXA1 mRNA levels were
significantly lower among IBD patients in comparison to healthy
non-IBD controls (p<.05) (Figure 2A). The ANXA1 mRNA levels
in PBMCs from IBD patients ranged from 2 to 500 fold lower
than that of healthy controls. ANXA1 is generally attached to
the plasma membrane and a fraction is shed in the plasma. We
measured ANXA1 levels in plasma of IBD patients and healthy
controls using ELISA. A previous study reported on decreased
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Figure 2. ANXA1 is expressed at lower levels in blood of IBD patients. (A) The level of ANXA1 mRNA was determined by real-
time RT-PCR analysis from peripheral blood mononuclear cells was lower in IBD patients compared to healthy controls. (B) Plasma
Annexin A1 levels were assayed using ELISA. Patients with IBD had lower levels of plasma ANXA1 compared to IBD negative
controls. (C) Plasma CRP levels were measured by ELISA. Healthy controls had significantly lower levels of plasma CRP compared
to patients with IBD. An inverse correlation was observed between plasma CRP and plasma ANXA1 (D). (*p < 0.05).

doi: 10.1371/journal.pone.0076969.9g002

ANXA1 levels in plasma of patients with obesity [36]. We found
a significantly lower level of free ANXA1 in plasma of IBD
patients compared to healthy controls (unpaired T test, P<0.05)
(Figure 2B). In contrast, a prominent marker of inflammation,
plasma CRP, levels were significantly higher in patients with
IBD compared to healthy controls (Figure 2C). A significant
negative correlation was found between plasma CRP and
plasma ANXA1 levels indicating that reduced levels of ANXA1
were associated with higher levels of inflammation (r?=0.2158;
p=0.0294) (Figure 2D).

ANXA1 mRNA levels are reflective of the efficacy of IFX
therapy

Changes in ANXA1 expression during the course of IFX
therapy are largely unknown. We determined the ANXA1
mRNA levels in PBMC of patients receiving IFX therapy.
Analysis of longitudinal samples from 16 of the 28 IBD patients
was performed. Four patients who were not on anti-TNF-a
therapy and had no immediate plans to initiate IFX therapy
were grouped as “no therapy” (Figure 3A). These patients had
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a lower level of ANXA1 transcripts in the PBMC compared to
samples from patients initiating IFX therapy (Figure 3B, Table
2). Eighty-five percent of samples in the continuous therapy
group clustered together in IFX/ANXA1 negative producers.
This group had reduced ANXA1 expression in all patients at
the time of the initiation of therapy (pre-IFX) compared to non-
IBD healthy controls and sustained decrease through the
subsequent monitoring (Figure 3B, Table 2). Fifteen percent of
patients were termed IFX/ANXA1 positive producers, since a
modest up-regulation of ANXA1 expression was observed over
the course of IFX therapy in these patients (Figure 3C, Table
2). In this group, the post therapy ANXA1 levels approached
that of healthy controls, the calibrator in this analysis (relative
expression level of 1). Data collected from the IBD
questionnaires from these participants further revealed that
ANXA1 levels might have clinical significance to IBD. Negative
responders were found to have a lower IBDQ score compared
to positive responders either prior to therapy or following
therapy (Figure 2D). A change of 16-32 in the IBDQ is
indicative of a change in quality of life in patients with CD [37].
Following therapy all ANXA1 positive responders had a
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doi: 10.1371/journal.pone.0076969.g003

significantly higher IBDQ scores compared to pre therapy
values (p<0.05) (Figure 2D). Plasma ANXA 1 levels also
mirrored the finding in the PBMC (Figure 3E). Plasma ANXA1
levels were lower after long term therapy in negative
responders while it increased over the course of therapy in
positive responders. There was no correlation observed
between other forms of immunosuppressive therapy (not IFX)
and ANXA1 expression.
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Increased TNF-a RNA expression is associated with IFX
therapy

Correlation analysis demonstrated a significant positive
association between ANXA1 and TNF-a transcripts in patients
prior to the initiation of IFX therapy (Figure 4A). However
comparisons of peripheral blood samples from initiation of
therapy and continuous IFX therapy showed that the positive
correlation was still maintained despite immunosuppressive
therapy (Figure 4B). Measurement of TNF-a transcription
showed that TNF-a mRNA levels were significantly increased
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Table 2. Longitudinal follow-up of infliximab (IFX) treatment
vs ANXA1 expression in IBD patients.

1-year longitudinal

follow-up of

patients IFX (n=16) No IFX (n=4) p value'
down-regulation up-regulation

ANXA1 expression (n=13) (n=3)

first sample -8.49 +1.32 -25.97 + 14.33 2538 0004

1.27 0.62
last sample -34,95 +7.06 -4.92+2.12
p value? 0.0002" 0.10

Note: n = total subjects.

Data are represented as mean + SEM.

p values were obtained using Mann-Whitney test of comparison.
1 p value vs non-IFX group 2, p value vs first sample group.

*. statistically significant differences.

doi: 10.1371/journal.pone.0076969.t002

in the PBMC from IBD patients following continuous IFX
therapy compared to those receiving short term IFX (initial
therapy) (Figure 4C) (p < 0.05). Interestingly, a significant
positive correlation was observed between plasma 16S rDNA
levels and TNF-a transcripts (r? = 0.6185, p = 0.0208) (Figure
4D). No correlation was found between TNF-a mRNA
expression and lymphocyte activation due to reduction of
protein level by IFX. The increase in TNF-a transcription during
IFX therapy may be a compensatory response to the
neutralization of TNF-a protein.

Bacterial 16S levels in plasma increases with IFX
therapy and ANXA1 expression

Bacterial 16S rDNA levels were determined in plasma
samples from IBD patients and healthy controls. Bacterial 16S
levels in the plasma are reflective of mucosal barrier
dysfunction and microbial translocation. Our data showed
higher baseline levels of plasma 16s levels in patients with IBD
as compared to healthy controls (Figure 5A). There was no
significant difference of 16S levels in IBD patients on
continuous IFX compared to patients not on IFX (p=0.07). A
significantly lower level of ANXA1 expression is associated with
a higher bacterial 16s DNA load in IBD patients (r?=0.708,
p=0.0002) (Figure 5B). The impact of bacterial DNA load on T-
cell activation was assessed by linear regression. There was a
moderate positive correlation between memory CD8+ T-cell
percentages and plasma 16S rDNA load (r?=.513, p=0.0198)
(Figure 5C).

Decrease in ANXA1 expression in affected gut mucosa
in Crohns Disease

To examine the expression of ANXA1 transcripts and protein
in the IBD affected colonic mucosa, we measured the colonic
ANXA1 protein expression in inflamed colonic mucosa in CD
and control tissues by fluorescent immunohistochemistry
(Figure 6A-E). ANXA1 protein was readily detected in the
cytoplasm and on cell surface of villus and crypt epithelial cells,
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and leukocytes dispersed in the connective tissue and lamina
propria from normal mucosa (Figure 6A-C). In contrast, ANXA1
expression was significantly lower in the cells of IBD patients
(Figure 6D-E). A remarkable loss in mucosal architecture was
detected in the gut mucosa of patients affected by IBD and the
findings were in agreement with previous studies [11].

Discussion

Pathophysiological mechanisms contributing to the
development of inflammatory bowel disease have been
intensely investigated, with a major focus on the inflammatory
biomarkers. We report a substantial loss of ANXA1 expression
in the colonic mucosal and peripheral blood compartments
from patients with progressive IBD, specifically Crohns
Disease. Our data suggest that ANXA1 transcript levels serve
as an important biomarker of IBD [39]. Decreased ANXA1
levels in the colonic mucosa may support an increase in
neutrophil recruitment, a common feature in IBD pathogenesis
[30,40-42]. Increased intestinal tissue injury in the murine
model of experimental colitis using ANXA1-/- mice [28]
provides further support that ANXA1 is important for controlling
intestinal inflammation and maintaining functional mucosa.
Previous studies have reported ANXA1 imbalance in the blood
of IBD patients, demonstrating that adults and children with CD
or UC may have dysregulation in the ANXA1 associated
immune signaling [43,44] and higher secretion of endogenous
ANXA1 in the lumen from of UC patients [45].

Conventional treatment for IBD includes immunomodulators
and biologic agents that reverse the immune dysregulation
[38]. In this study, most of the IBD patients had moderate to
severe inflammatory disease and were being treated with a
combination of an immunomodulator (such as 6-
Mercaptopurine or Methotrexate), and Infliximab to achieve
disease remission. Longitudinal assessment of the peripheral
blood samples was made at initiation of IFX therapy and at
intervals during IFX therapy. The data demonstrates that
systemic ANXA1 transcription levels are affected by initial and
continuous IFX therapy. Despite the moderate recovery of
ANXA1 transcripts at initial therapy, the majority of patients
were IFX/ANXA1 negative producers, and continuous therapy
may lead to a significant down-regulation of ANXA1 expression
in the blood, resembling untreated patients. What is the
significance of this downregulation of ANXA1 expression?
ANXA1 is known to have multiple functions in modulating both
innate and adaptive immune responses [26]. ANXA1 protein
predominantly has an inhibitory effect on the innate immune
response. The activation of ANXA1 can serve to inhibit cell
trafficking, cytokine and superoxide radical release,
subsequently inhibiting inflammation. In the adaptive immune
system, ANXA1 promotes T-cell proliferation and activation
[46]. It is possible that the downregulation of ANXA1
expression in our study may be due to the synergistic effect of
both immunomodulating agents and infliximab on suppressing
inflammatory immune response, thereby removing the trigger
for underlying ANXA1 expression and mobilization. However,
the confocal microscopic evaluation of colonic samples prior to
the initiation of Infliximab therapy as well as following therapy
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Figure 4. Correlation of TNF-a vs ANXA1 transcripts demonstrated an increase transcription of TNF-a following IFX
therapy, also associated with plasma bacterial 16S load. The linear regression graphs (A) and (B) showed the relation between
ANXA1 and TNF-a expression in the PBMC from patients prior to (A) and following IFX therapy (B), in IBD patients relative to IBD
patients not initiating IFX therapy. (C) PBMC of IBD patients showed that following continuous IFX treatment there were higher
transcriptional levels of TNF-a, compared to short term therapy, which could be due to compensatory mechanisms following
ongoing TNF-a blocking therapy. (D) There was a significant positive correlation between TNF-a expression and increased bacterial

load in patients with IBD (16S rDNA). (*p<0.05).
doi: 10.1371/journal.pone.0076969.9g004

showed that IBD patients had a substantial decrease or
complete loss of ANXA1 protein expression in the colonic
mucosa. This suggests that the lack of ANXA1 at the mRNA or
protein level contributes to the pathogenic mechanisms
underlying IBD. In addition, almost half of the patients lacking
ANXA1 expression presented with a decreased IBDQ score.
Interestingly, all IBD patients had lower levels of ANXA1
compared to heathy controls. This and other evidence
suggests that ANXA1 auto-antibody levels were directly related
to clinical disease in patients with Crohn's disease [43].

Multiple mechanisms have been proposed for the efficacy of
IFX in IBD patients. Besides the neutralization of TNF-a in its
monomeric and trimeric forms, IFX causes apoptosis of
activated T-cells and lamina propria lymphocytes by binding
membrane bound TNF. Our findings showed that the level of
TNF-a expression was increased in PBMC of IBD patients
under continuous IFX therapy, suggesting a feedback

PLOS ONE | www.plosone.org

regulation at the transcriptional level, a mechanism yet to be
determined. The IBD patients were on immune modulating
therapy, which is known to suppress proliferation of co-
stimulated T-cells. With the inclusion of Infliximab, it is possible
that patients may have decreased immune surveillance [47,48]
and hence, bacteremia. Our data demonstrates a strong
association between increased plasma bacterial 16S load and
continuous combined therapy, with concomitant increase of
TNF-a expression. The increase in bacterial 16S load suggests
a baseline bacteremia present in patients receiving combined
therapy. Whether detectable bacteremia has clinical relevance
requires further investigation since these patients were
clinically asymptomatic and did not display clinical evidence of
septicemia.

Our data demonstrates that lower levels of ANXA1 mRNA
were associated with higher bacterial load in the plasma from
IBD patients, and did not significantly correlate with TNF-a
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mRNA levels. Decreased ANXA1 in IBD patients as described
here may induce an inadequate response to bacterial infection
[49], phagocytosis signaling [50], and Th1-driven responses
[46,51]. This chronic inflammation, observed in IBD patients, is
further aggravated by a continuous stimulus of TNF-a by
bacterial components in circulation. The disequilibrium between
two signaling pathways, involving ANXA1 and TNF-a, may
influence the disease pathogenesis via the loss of the immune
homeostasis between two important pro-inflammatory and anti-
inflammatory effectors. This may be a critical event for the
chronic inflammation found in IBD patients, despite a
successful therapy outcome at the initial states of treatment
(Figure 7).

Activated T cells have been shown to cause gastrointestinal
complications. We asked whether T-cell activation could be a
contributing factor for the development of inflammatory
condition in the gastrointestinal tract. Our results indicated that
systemic T-cell activation correlated with increased bacterial
load in plasma of IBD patients. Studies investigating the role of
CD8 T-cells in bacterial infections have focused on cytokine
secretion and cytotoxicity and if these cells also express
CD45RO0, a receptor correlated to activation or memory-type
driven T-cells [52]. These cell types are activated to defend
against bacteremia. This study demonstrates that continuous
IFX therapy modified cellular immune activation in the blood
from IBD patients, which was characterized by a significant

PLOS ONE | www.plosone.org

disequilibrium in percentages of CD4+ and CD8+ T-cells,
CD38+ T and B cells, and also memory CD4+ cells (CD45RO
+). Similar results have demonstrated increased numbers of
circulating CD8 T-cells in the peripheral blood of rheumatoid
arthritis patients, observed three days after the IFX infusion.
Those effects were attributed to the IFX therapy [53]. IFX
possibly blocks homing of Th1 cells, thus cells temporarily
accumulate in the peripheral blood. Our results from the initial
samples and after continuous IFX administration, for at least 3
months, indicated the accumulation of not only memory and
activated T-cells, but also activated B cells in the peripheral
blood.

The ANXA1 levels in individual populations of T cells would
give further insight into the role of individual T cells in the
pathogenesis of IBD. However, our study design did not
include analysis of purified cell populations from patient
samples. Gender and ethnicity may also play a role in IBD
disease progression. Although no significant associations were
found in this study, the study was not powered to identify such
differences. The present study provides clues to the complex
inflammatory and anti-inflammatory mechanisms of IBD and
warrants further analysis into the molecular basis of these
pathways. We have identified for the first time a significant
disequilibrium between ANXA1 and TNF-a expression in the
blood of IBD patients. Future studies would include identifying
the cellular mechanisms that reduce ANXA1 expression in IBD
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Figure 6. Decrease in ANXA1 levels in affected areas of the gut in patients with CD. Indirect immunofluorescence using a
mouse anti-human ANXA1 antibody is shown with sections of colon resections from non-IBD (A-C) and IBD patients (D-E) by
confocal microscopy analysis. (A) ANXA1 protein is localized in cytoplasm of the epithelial cell layer (arrowheads) and dispersed
leukocytes in the mucosa in the crypt (B) and villus (C). (C) Non-IBD submucosal PMN (arrowheads) show increased levels of
immunolabeling for ANXA1 in the cytoplasm in contrast to IBD patients. (D) ANXA1 protein is not detected in the crypt enterocytes
and (E) weakly observed in some submucosal leukocytes (arrowhead) from IBD samples (Magnification 400x%).

doi: 10.1371/journal.pone.0076969.g006

as well as a comprehensive clinical assessment including
longitudinal 1BDQ’s and CDAl's. Furthermore, decreased
ANXA1 expression in the colonic mucosa, increased TNF-a
transcription, increased bacterial loads, and lymphocyte
activation may pose challenges to the success of IBD therapy.
Decreased ANXA1 expression may also partially explain the

PLOS ONE | www.plosone.org
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increased bacteremia and consequently the increased levels of
TNF-a due to loss of anti-inflammatory action of ANXAT1.
ANXA1 as an important anti-inflammatory molecule may be a
potential target for IBD treatment. Additional studies are
needed to further define the role of ANXA1 in IBD.

October 2013 | Volume 8 | Issue 10 | e76969



Annexin A1 in Progessive CD

Comensal Bacteria g f, \ Lossof
. ( ANXA1 k ANXA1
‘cooo0 -] : oot
L] /;//
L A /—_/’
o Luminal Comensal
° Bacteria bacteria
o and Enteric
] pathogens
°
Activated

N T-cell ‘
{
’W .

Qe o. 0o %o
\ qutokineBalance

o&.

periphery A &

.o'a. ..
—>, &
. 0 Neutrophil activation
andrecruitment

INFLAMMATION

Normal Intestinal mucosal
immune response Inflammatory Bowel Disease

Figure 7. Proposed mechanism. The gut in an IBD patient is affected by the interplay of several factors including host microbe
interactions, immune system defects/hyperactivity and dysfunctional epithelium. The loss or down regulation of Annexin A1 at the
epithelial surface contributes to the epithelial dysfunction and immune modulation allowing for increased microbial translocation and
increased inflammation despite IFX therapy. In positive regulators an increase in ANXA1 expression may improve control of
inflammation with a reduction in symptoms.

doi: 10.1371/journal.pone.0076969.g007

PLOS ONE | www.plosone.org 11 October 2013 | Volume 8 | Issue 10 | €76969



Acknowledgements

We would like to thank the participants in this study, the staff at

the

UC Davis Gastroenterology Clinic for their assistance in

sample collection and participant enrollment and Whittier
Molecular Core Facility. We thank Dr. Lauren Hirao for her
editorial help.

References

. Sankaran-Walters S, Ransibrahmanakul

. Abraham C, Medzhitov R (2011) Interactions between the host innate

immune system and microbes in inflammatory bowel disease.
Gastroenterology 140: 1729-1737. doi:10.1053/j.gastro.2011.02.012.
PubMed: 21530739.

. Shih DQ, Targan SR, McGovern D (2008) Recent advances in IBD

pathogenesis: genetics and immunobiology. Curr Gastroenterol Rep
10: 568-575. doi:10.1007/s11894-008-0104-x. PubMed: 19006613.

. Xavier RJ, Podolsky DK (2007) Unravelling the pathogenesis of

inflammatory bowel disease. Nature 448: 427-434. doi:10.1038/
nature06005. PubMed: 17653185.

. Macfarlane S, Steed H, Macfarlane GT (2009) Intestinal bacteria and

inflammatory bowel disease. Crit Rev Clin Lab Sci 46: 25-54. doi:
10.1080/10408360802485792. PubMed: 19107650.

. Siegmund B, Zeitz M (2011) Innate and adaptive immunity in

inflammatory bowel disease. World J Gastroenterol 17: 3178-3183.
PubMed: 21912465.

. Rakoff-Nahoum S, Bousvaros A (2010) Innate and adaptive immune

connections in inflammatory bowel diseases. Curr Opin Gastroenterol
26:  572-577.  doi:10.1097/MOG.0b013e32833f126d. = PubMed:
20871398.

. Musch MW, Clarke LL, Mamah D, Gawenis LR, Zhang Z et al. (2002) T

cell activation causes diarrhea by increasing intestinal permeability and
inhibiting epithelial Na+/K+-ATPase. J Clin Invest 110: 1739-1747. doi:
10.1172/JCI1200215695. PubMed: 12464679.

. Arijs |, Quintens R, Van Lommel L, Van Steen K, De Hertogh G et al.

(2010) Predictive value of epithelial gene expression profiles for
response to infliximab in Crohn's disease. Inflamm Bowel Dis 16:
2090-2098. doi:10.1002/ibd.21301. PubMed: 20848504.

. Roda G, Caponi A, Benevento M, Nanni P, Mezzanotte L et al. (2010)

New proteomic approaches for biomarker discovery in inflammatory
bowel disease. Inflamm Bowel Dis 16: 1239-1246. doi:10.1002/ibd.
21212. PubMed: 20127998.

. Meuwis MA, Fillet M, Lutteri L, Marée R, Geurts P et al. (2008)

Proteomics for prediction and characterization of response to infliximab
in Crohn's disease: a pilot study. Clin Biochem 41: 960-967. doi:
10.1016/j.clinbiochem.2008.04.021. PubMed: 18489908.

K, Grishina |, Hung J,
Martinez E et al. (2011) Epstein-Barr virus replication linked to B cell
proliferation in inflamed areas of colonic mucosa of patients with
inflammatory bowel disease. J Clin Virol 50: 31-36. doi:10.1016/j.jcv.
2010.09.011. PubMed: 21035384.

. Cirino G, Flower RJ, Browning JL, Sinclair LK, Pepinsky RB (1987)

Recombinant human lipocortin 1 inhibits thromboxane release from
guinea-pig isolated perfused lung. Nature 328: 270-272. doi:
10.1038/328270a0. PubMed: 2955229.

. Cirino G, Flower RJ (1987) Human recombinant lipocortin 1 inhibits

prostacyclin  production by human umbilical vitro.

Prostaglandins 34: 59-62. PubMed: 2961007.

artery in

. Perretti M, Dalli J (2009) Exploiting the Annexin A1 pathway for the

development of novel anti-inflammatory therapeutics. Br J Pharmacol
158: 936-946. doi:10.1111/j.1476-5381.2009.00483.x. ~ PubMed:
19845684.

. Oliani SM, Paul-Clark MJ, Christian HC, Flower RJ, Perretti M (2001)

Neutrophil interaction with inflamed postcapillary venule endothelium
alters annexin 1 expression. Am J Pathol 158: 603-615. doi:10.1016/
S0002-9440(10)64002-3. PubMed: 11159197.

. Gil CD, La M, Perretti M, Oliani SM (2006) Interaction of human

neutrophils with endothelial cells regulates the expression of
endogenous proteins annexin 1, galectin-1 and galectin-3. Cell Biol Int
30: 338-344. doi:10.1016/j.cellbi.2005.12.010. PubMed: 16530434.

. Chatterjee BE, Yona S, Rosignoli G, Young RE, Nourshargh S et al.

(2005) Annexin 1-deficient neutrophils exhibit enhanced transmigration
in vivo and increased responsiveness in vitro. J Leukoc Biol 78:
639-646. doi:10.1189/j1b.0405206. PubMed: 16000391.

PLOS ONE | www.plosone.org

12

Annexin A1 in Progessive CD

Author Contributions

Conceived and designed the experiments: SSW Luiz Goulart

SD

SMO TP. Performed the experiments: AS |G Larissa

Goulart MM AT JL. Analyzed the data: SSW AT IG AS MM.
Contributed reagents/materials/analysis tools: SSW SD Luiz
Goulart. Wrote the manuscript: AS SSW IG AT.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

. Perretti M, Croxtall JD, Wheller SK, Goulding NJ, Hannon R et al.

(1996) Mobilizing lipocortin 1 in adherent human
downregulates their transmigration. Nat Med 2:
10.1038/nm1196-1259. PubMed: 8898757.

leukocytes
1259-1262. doi:

. Damazo AS, Yona S, D'Acquisto F, Flower RJ, Oliani SM et al. (2005)

Critical protective role for annexin 1 gene expression in the
endotoxemic murine microcirculation. Am J Pathol 166: 1607-1617. doi:
10.1016/S0002-9440(10)62471-6. PubMed: 15920146.

de Coupade C, Ajuebor MN, Russo-Marie F, Perretti M, Solito E (2001)
Cytokine modulation of liver annexin 1 expression during experimental
endotoxemia. Am J Pathol 159: 1435-1443. doi:10.1016/
S0002-9440(10)62530-8. PubMed: 11583971.

D'Amico M, Di Filippo C, La M, Solito E, McLean PG et al. (2000)
Lipocortin 1 reduces myocardial ischemia-reperfusion injury by
affecting local leukocyte recruitment. FASEB J 14: 1867-1869.
PubMed: 11023969.

Gavins FN, Dalli J, Flower RJ, Granger DN, Perretti M (2007) Activation
of the annexin 1 counter-regulatory circuit affords protection in the
mouse brain microcirculation. FASEB J 21: 1751-1758. doi:10.1096/fj.
06-7842com. PubMed: 17317721.

Yang YH, Morand EF, Getting SJ, Paul-Clark M, Liu DL et al. (2004)
Modulation of inflammation and response to dexamethasone by
Annexin 1 in antigen-induced arthritis. Arthritis Rheum 50: 976-984. doi:
10.1002/art.20201. PubMed: 15022342.

Damazo AS, Yona S, Flower RJ, Perretti M, Oliani SM (2006) Spatial
and temporal profiles for anti-inflammatory gene expression in
leukocytes during a resolving model of peritonitis. J Immunol 176:
4410-4418. PubMed: 16547279.

Perretti M, D'Acquisto F (2009) Annexin A1 and glucocorticoids as
effectors of the resolution of inflammation. Nat Rev Immunol 9: 62-70.
doi:10.1038/nri2470. PubMed: 19104500.

D'Acquisto F, Perretti M, Flower RJ (2008) Annexin-A1: a pivotal
regulator of the innate and adaptive immune systems. Br J Pharmacol
155: 152-169. PubMed: 18641677.

Babbin BA, Lee WY, Parkos CA, Winfree LM, Akyildiz A et al. (2006)
Annexin | regulates SKCO-15 cell invasion by signaling through formyl
peptide receptors. J Biol Chem 281: 19588-19599. doi:10.1074/
jbc.M513025200. PubMed: 16675446.

Babbin BA, Laukoetter MG, Nava P, Koch S, Lee WY et al. (2008)
Annexin A1 regulates intestinal mucosal injury, inflammation, and
repair. J Immunol 181: 5035-5044. PubMed: 18802107.

Martin GR, Perretti M, Flower RJ, Wallace JL (2008) Annexin-1
modulates repair of gastric mucosal injury. Am J Physiol Gastrointest
Liver Physiol 294: G764-G769. doi:10.1152/ajpgi.00531.2007. PubMed:
18202108.

Vong L, Ferraz JG, Dufton N, Panaccione R, Beck PL et al. (2012) Up-
regulation of Annexin-A1 and lipoxin A(4) in individuals with ulcerative
colitis may promote mucosal homeostasis. PLOS ONE 7: €39244. doi:
10.1371/journal.pone.0039244. PubMed: 22723974.

Sankaran S, George MD, Reay E, Guadalupe M, Flamm J et al. (2008)
Rapid onset of intestinal epithelial barrier dysfunction in primary human
immunodeficiency virus infection is driven by an imbalance between
immune response and mucosal repair and regeneration. J Virol 82:
538-545. doi:10.1128/JVI1.01449-07. PubMed: 17959677.

Sankaran S, Guadalupe M, Reay E, George MD, Flamm J et al. (2005)
Gut mucosal T cell responses and gene expression correlate with
protection against disease in long-term HIV-1-infected nonprogressors.
Proc Natl Acad Sci U S A 102: 9860-9865. doi:10.1073/pnas.
0503463102. PubMed: 15980151.

Verhoeven D, Sankaran S, Silvey M, Dandekar S (2008) Antiviral
therapy during primary simian immunodeficiency virus infection fails to
prevent acute loss of CD4+ T cells in gut mucosa but enhances their
rapid restoration through central memory T cells. J Virol 82: 4016-4027.
doi:10.1128/JVI1.02164-07. PubMed: 18272585.

October 2013 | Volume 8 | Issue 10 | e76969


http://dx.doi.org/10.1053/j.gastro.2011.02.012
http://www.ncbi.nlm.nih.gov/pubmed/21530739
http://dx.doi.org/10.1007/s11894-008-0104-x
http://www.ncbi.nlm.nih.gov/pubmed/19006613
http://dx.doi.org/10.1038/nature06005
http://dx.doi.org/10.1038/nature06005
http://www.ncbi.nlm.nih.gov/pubmed/17653185
http://dx.doi.org/10.1080/10408360802485792
http://www.ncbi.nlm.nih.gov/pubmed/19107650
http://www.ncbi.nlm.nih.gov/pubmed/21912465
http://dx.doi.org/10.1097/MOG.0b013e32833f126d
http://www.ncbi.nlm.nih.gov/pubmed/20871398
http://dx.doi.org/10.1172/JCI200215695
http://www.ncbi.nlm.nih.gov/pubmed/12464679
http://dx.doi.org/10.1002/ibd.21301
http://www.ncbi.nlm.nih.gov/pubmed/20848504
http://dx.doi.org/10.1002/ibd.21212
http://dx.doi.org/10.1002/ibd.21212
http://www.ncbi.nlm.nih.gov/pubmed/20127998
http://dx.doi.org/10.1016/j.clinbiochem.2008.04.021
http://www.ncbi.nlm.nih.gov/pubmed/18489908
http://dx.doi.org/10.1016/j.jcv.2010.09.011
http://dx.doi.org/10.1016/j.jcv.2010.09.011
http://www.ncbi.nlm.nih.gov/pubmed/21035384
http://dx.doi.org/10.1038/328270a0
http://www.ncbi.nlm.nih.gov/pubmed/2955229
http://www.ncbi.nlm.nih.gov/pubmed/2961007
http://dx.doi.org/10.1111/j.1476-5381.2009.00483.x
http://www.ncbi.nlm.nih.gov/pubmed/19845684
http://dx.doi.org/10.1016/S0002-9440(10)64002-3
http://dx.doi.org/10.1016/S0002-9440(10)64002-3
http://www.ncbi.nlm.nih.gov/pubmed/11159197
http://dx.doi.org/10.1016/j.cellbi.2005.12.010
http://www.ncbi.nlm.nih.gov/pubmed/16530434
http://dx.doi.org/10.1189/jlb.0405206
http://www.ncbi.nlm.nih.gov/pubmed/16000391
http://dx.doi.org/10.1038/nm1196-1259
http://www.ncbi.nlm.nih.gov/pubmed/8898757
http://dx.doi.org/10.1016/S0002-9440(10)62471-6
http://www.ncbi.nlm.nih.gov/pubmed/15920146
http://dx.doi.org/10.1016/S0002-9440(10)62530-8
http://dx.doi.org/10.1016/S0002-9440(10)62530-8
http://www.ncbi.nlm.nih.gov/pubmed/11583971
http://www.ncbi.nlm.nih.gov/pubmed/11023969
http://dx.doi.org/10.1096/fj.06-7842com
http://dx.doi.org/10.1096/fj.06-7842com
http://www.ncbi.nlm.nih.gov/pubmed/17317721
http://dx.doi.org/10.1002/art.20201
http://www.ncbi.nlm.nih.gov/pubmed/15022342
http://www.ncbi.nlm.nih.gov/pubmed/16547279
http://dx.doi.org/10.1038/nri2470
http://www.ncbi.nlm.nih.gov/pubmed/19104500
http://www.ncbi.nlm.nih.gov/pubmed/18641677
http://dx.doi.org/10.1074/jbc.M513025200
http://dx.doi.org/10.1074/jbc.M513025200
http://www.ncbi.nlm.nih.gov/pubmed/16675446
http://www.ncbi.nlm.nih.gov/pubmed/18802107
http://dx.doi.org/10.1152/ajpgi.00531.2007
http://www.ncbi.nlm.nih.gov/pubmed/18202108
http://dx.doi.org/10.1371/journal.pone.0039244
http://www.ncbi.nlm.nih.gov/pubmed/22723974
http://dx.doi.org/10.1128/JVI.01449-07
http://www.ncbi.nlm.nih.gov/pubmed/17959677
http://dx.doi.org/10.1073/pnas.0503463102
http://dx.doi.org/10.1073/pnas.0503463102
http://www.ncbi.nlm.nih.gov/pubmed/15980151
http://dx.doi.org/10.1128/JVI.02164-07
http://www.ncbi.nlm.nih.gov/pubmed/18272585

34.

35.

36.

37.

38.

39.

40.

4.

42.

43.

Leutenegger CM, Higgins J, Matthews TB, Tarantal AF, Luciw PA et al.
(2001) Real-time TagMan PCR as a specific and more sensitive
alternative to the branched-chain DNA assay for quantitation of simian
immunodeficiency virus RNA. AIDS Res Hum Retrovir 17: 243-251. doi:
10.1089/088922201750063160. PubMed: 11177407.

Stallmach A, Hagel S, Bruns T (2010) Adverse effects of biologics used
for treating IBD. Best Pract Res Clin Gastroenterol 24: 167-182. doi:
10.1016/j.bpg.2010.01.002. PubMed: 20227030.

Kosicka A, Cunliffe AD, Mackenzie R, Gulrez Zariwala M, Perretti M et
al. (2012) Attenuation of plasma annexin A1 in human obesity. FASEB
J, 27: 368-78. PubMed: 23038751.

Irvine EJ, Feagan B, Rochon J, Archambault A, Fedorak RN et al.
(1994) Quality of life: a valid and reliable measure of therapeutic
efficacy in the treatment of inflammatory bowel disease. Canadian
Crohn's Relapse Prevention Trial Study Group. Gastroenterology 106:
287-296. PubMed: 8299896.

Miehsler W, Novacek G, Wenzl H, Vogelsang H, Knoflach P et al.
(2010) A decade of infliximab: The Austrian evidence based consensus
on the safe use of infliximab in inflammatory bowel disease. J Crohns
Colitis 4: 221-256. doi:10.1016/j.crohns.2009.12.001. PubMed:
21122513.

Faria PC, Sena AA, Nascimento R, Carvalho WJ, Loyola AM et al.
(2010) Expression of annexin A1 mRNA in peripheral blood from oral
squamous cell carcinoma patients. Oral Oncol 46: 25-30. doi:10.1016/
j.oraloncology.2009.09.003. PubMed: 19833546.

Boxer LA (2008) Role of neutrophils in genetic disorders of phagocyte
function leading to IBD. J Pediatr Gastroenterol Nutr 46 Suppl 1: E17.
doi:10.1097/01.mpg.0000313831.09089.36. PubMed: 18354321.
McCarthy DA, Rampton DS, Liu YC (1991) Peripheral blood neutrophils
in inflammatory bowel disease: morphological evidence of in vivo
activation in active disease. Clin Exp Immunol 86: 489-493. doi:
10.1111/j.1365-2249.1991.tb02958.x. PubMed: 1684141.

Clarke K, Regueiro M (2012) Stopping immunomodulators and
biologics in inflammatory bowel disease patients in remission. Inflamm
Bowel Dis 18: 174-179. doi:10.1002/ibd.21792. PubMed: 21674731.
Stevens TR, Smith SF, Rampton DS (1993) Antibodies to human
recombinant lipocortin-I1 in inflammatory bowel disease. Clin Sci (Lond)
84: 381-386. PubMed: 8097682.

PLOS ONE | www.plosone.org

13

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Annexin A1 in Progessive CD

Beattie RM, Goulding NJ, Walker-Smith JA, MacDonald TT (1995)
Lipocortin-1 autoantibody concentration in children with inflammatory
bowel disease. Aliment Pharmacol Ther 9: 541-545. PubMed: 8580275.
Vergnolle N, Pagés P, Guimbaud R, Chaussade S, Buéno L et al.
(2004) Annexin 1 is secreted in situ during ulcerative colitis in humans.
Inflamm Bowel Dis 10: 584-592. doi:
10.1097/00054725-200409000-00013. PubMed: 15472519.

D'Acquisto F, Paschalidis N, Sampaio AL, Merghani A, Flower RJ et al.
(2007) Impaired T cell activation and increased Th2 lineage
commitment in Annexin-1-deficient T cells. Eur J Immunol 37:
3131-3142. doi:10.1002/e}i.200636792. PubMed: 17948261.

Caviglia R, Boskoski |, Cicala M (2008) Long-term treatment with
infliximab in inflammatory bowel disease: safety and tolerability issues.
Expert Opin Drug Saf 7: 617-632. doi:10.1517/14740338.7.5.617.
PubMed: 18759714.

Sandborn WJ (2008) Current directions in IBD therapy: what goals are
feasible with biological modifiers? Gastroenterology 135: 1442-1447.
doi:10.1053/j.gastr0.2008.09.053. PubMed: 18848556.

Gan H, Lee J, Ren F, Chen M, Kornfeld H et al. (2008) Mycobacterium
tuberculosis blocks crosslinking of annexin-1 and apoptotic envelope
formation on infected macrophages to maintain virulence. Nat Immunol
9: 1189-1197. doi:10.1038/ni.1654. PubMed: 18794848.

Yona S, Heinsbroek SE, Peiser L, Gordon S, Perretti M et al. (2006)
Impaired phagocytic mechanism in annexin 1 null macrophages. Br J
Pharmacol 148: 469-477. PubMed: 16633358.

D'Acquisto F, Merghani A, Lecona E, Rosignoli G, Raza K et al. (2007)
Annexin-1 modulates T-cell activation and differentiation. Blood 109:
1095-1102. PubMed: 17008549.

Beverley PC (1992) Functional analysis of human T cell subsets
defined by CDA45 isoform expression. Semin Immunol 4: 35-41.
PubMed: 1534262.

Maurice MM, van der Graaff WL, Leow A, Breedveld FC, van Lier RA et
al. (1999) Treatment with monoclonal anti-tumor necrosis factor alpha
antibody results in an accumulation of Th1 CD4+ T cells in the
peripheral blood of patients with rheumatoid arthritis. Arthritis Rheum
42:  2166-2173. doi:10.1002/1529-0131(199910)42:10.  PubMed:
10524689.

October 2013 | Volume 8 | Issue 10 | e76969


http://dx.doi.org/10.1089/088922201750063160
http://www.ncbi.nlm.nih.gov/pubmed/11177407
http://dx.doi.org/10.1016/j.bpg.2010.01.002
http://www.ncbi.nlm.nih.gov/pubmed/20227030
http://www.ncbi.nlm.nih.gov/pubmed/23038751
http://www.ncbi.nlm.nih.gov/pubmed/8299896
http://dx.doi.org/10.1016/j.crohns.2009.12.001
http://www.ncbi.nlm.nih.gov/pubmed/21122513
http://dx.doi.org/10.1016/j.oraloncology.2009.09.003
http://dx.doi.org/10.1016/j.oraloncology.2009.09.003
http://www.ncbi.nlm.nih.gov/pubmed/19833546
http://dx.doi.org/10.1097/01.mpg.0000313831.09089.36
http://www.ncbi.nlm.nih.gov/pubmed/18354321
http://dx.doi.org/10.1111/j.1365-2249.1991.tb02958.x
http://www.ncbi.nlm.nih.gov/pubmed/1684141
http://dx.doi.org/10.1002/ibd.21792
http://www.ncbi.nlm.nih.gov/pubmed/21674731
http://www.ncbi.nlm.nih.gov/pubmed/8097682
http://www.ncbi.nlm.nih.gov/pubmed/8580275
http://dx.doi.org/10.1097/00054725-200409000-00013
http://www.ncbi.nlm.nih.gov/pubmed/15472519
http://dx.doi.org/10.1002/eji.200636792
http://www.ncbi.nlm.nih.gov/pubmed/17948261
http://dx.doi.org/10.1517/14740338.7.5.617
http://www.ncbi.nlm.nih.gov/pubmed/18759714
http://dx.doi.org/10.1053/j.gastro.2008.09.053
http://www.ncbi.nlm.nih.gov/pubmed/18848556
http://dx.doi.org/10.1038/ni.1654
http://www.ncbi.nlm.nih.gov/pubmed/18794848
http://www.ncbi.nlm.nih.gov/pubmed/16633358
http://www.ncbi.nlm.nih.gov/pubmed/17008549
http://www.ncbi.nlm.nih.gov/pubmed/1534262
http://dx.doi.org/10.1002/1529-0131(199910)42:10
http://www.ncbi.nlm.nih.gov/pubmed/10524689

	Dysregulation of Anti-Inflammatory Annexin A1 Expression in Progressive Crohns Disease
	Introduction
	Materials and Methods
	Study Participants
	Real-Time PCR
	ELISA
	Immunohistochemistry
	Immunophenotypic Analysis
	Statistical Analysis

	Results
	Characteristics of Study Participants
	IFX therapy modifies T cell activation in IBD patients
	ANXA1 mRNA and protein levels are decreased in the peripheral blood of IBD patients
	ANXA1 mRNA levels are reflective of the efficacy of IFX therapy
	Increased TNF-α RNA expression is associated with IFX therapy
	Bacterial 16S levels in plasma increases with IFX therapy and ANXA1 expression
	Decrease in ANXA1 expression in affected gut mucosa in Crohns Disease

	Discussion
	Acknowledgements
	Author Contributions
	References


