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compared with UC or normal controls. According to the
previous report, CD56h NK cells also are enriched at
inflammatory sites, such as arthritis, infectious pleuricis,
and bacterial peritonitis.®® CD is regarded as a typical T
helper type 1 response (Th1) disease driven by excessive
IFN-y production from dysregulated CD4 T cells ‘infil-
trating the inflamed tissue. However, given that NK cells
constitute a considerable proportion of LPMCs or IELs
(abourt 8%) and can highly produce IFN-y, intestinal NK
cells may contribute to the pathogenesis of CD. Overex-
pression of IFN-y in CD may modulare intestinal NK cell
differentiation because it was reported that this cytokine
accelerated differentiation of human HSCs.5?

In summary, we have identified c-kit* immune precursor
cells in the human adult intestine for the first time. We also
have shown that these cells are committed mainly to the NK
cell lineage. Because this intestinal NK cell differentiation
system may contribute to the pathophysiology of CD, fur-

ther clarification of the role of intestinal NK cells will help

to better understand the gut immune system and may lead
to new therapeutic strategies against CD.

Appendix
Supplementary data

Supplementary data associated with this article
can be found, in the online version, at doi: 10.1053/j.gastro.
2007.05.017.
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Exclusive Increase of CX3CRITCD28 CD4™ T Cells in
Inflammatory Bowel Disease and Their Recruitment as

Intraepithelial Lymphocytes
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Background: CX3CL!/Fractalkine (FKN) has been reported to
play important roles in various inflammatory diseases. We examined
the role of FKN and its receptor CX3CR1 in T-cell migration in the
inflammatory bowel diseases (IBDs), uvlcerative colitis (UC) and
Crohn’s disease (CD).

Methods: CX3CRI1 expression on peripheral CD4™% cells from
normal controls (NL n = 24) and IBD patients (UC n = 28. CD'n
= 26) was examined using flow cytometry. CX3CR1*CD4" T cells
were further characterized for surface antigens, cytokine production,
and cytotoxic granule release by flow cytometry and ELISA. FKN
expression in 53 colonic biopsy specimens (UC n = 20, CD n = 23,
NL » = 10) was analyzed by quantitative PCR and immunohisto-
chemistry. Isolated lamina propria and intraepithelial lymphocytes
were also analyzed by flow cytometry (UC n = 10,CD n = 10. NL
n = 6).

Results: CX3CR17CD4" cells were increased in IBD while they
were virtually absent in controls. Upregulation of CX3CRI1 on
CD4™ T cells was positively correlated with disease activity. These
unique T cells expressed markers for both effector memory and
cytotoxic cells. Interestingly, CX3CR1 was expressed on CD4™ T
cclls lacking CD28. CX3CR1TCD28~CD4™ cclls produced more
TFN-y and TNF-a than CX3CR1™ counterparts and released cyto-
toxic granules. FKN mRNA was upregulated in inflamed colonic
tissucs and robust cxpression of FKN was immunohistochemically
observed on epithelial cells. Although CX3CR1™ CD4 ™ cells could
not be detected in the gut, CD28 CD4 ™ cells were found in IBD
mainly as intraepithelial lymphocytes.
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Conclusions: FKN/CX3CR! may contribute to the pathogenesis
of IBD through the emergence of unique CX3CR1°CD28~CD4™* T
cells that can act both as proinflammatory and cytotoxic cells.

(Inflamm Bowel Dis 2007;13:837-846)

Key Words: inflammatory bowel disease. fractalkine. CX3CR1,
CD4, CD28

rohn's disease (CD) and ulcerative colitis (UC) are 2

major forms of inflammatory bowel disease (IBD). Al-
though the etiology of IBD remains unclear, accumulating
evidence suggests that dysfunction of the mucosal immune
system plays important roles in the pathogenesis of IBD.!
Among a varicety of inflammatory cells in the gut, mucosal
CD4" lymphocytes have been thought to play a central role
both in the induction and persistence of chronic inflammation
by producing proinflammatory cytokines.

Chemokines are chemotactic cytokines that regulate
recruitment and/or activation of leukocytes. Based on the
cysteine motifs and their cognate ligands, chemokines and
chemokinc receptors, respectively, are classified into C, CC,
CXC, and CX3C. CX3CL1/fractalkine (FKN) is the CX3C
chemokine and characteristically exists in both soluble and
membrane-bound forms.2 The membrane-bound form of
FKN has a chemokine domain tethered to the cell surface by
a long mucin-like stalk, followed by a single transmembrane
domain. FKN has been reported to be expressed on stimu-
lated endothelial cells and plays an important role in adhesion
and migration of inflammatory cells. Its receptor CX3CRI is
expressed predominantly on NK cells, CD8" T cells, and
CD14" monocytes but is virtually absent on CD4" T cells.?

Thus, functional studies of the FKN/CX3CR1 system
have so far been focused on the recruitment of monocytes and
macrophages to vessel walls.# In addition to atherosclerosis,®
FKN has been shown to be involved in the pathogenesis of
chronic inflammatory discases such as rheumatoid arthri-
tis,>* systemic sclerosis,!® bronchial asthma,!! and atopic
dermatitis.'> More interestingly, CD47 T cells that abnor-
mally express CX3CRI are found in peripheral blood from
patients with rheumatoid arthritis™® and systemic sclerosis. !?
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TABLE 1. Clinical Characteristics of Ulcerative Colitis (UC) and
Crohn’s Disease (CD) Patients from Obtained Blood Samples

NL ucC CD
No of patients 24 28 26
Sex (FM) n1 8/20 917

Age (y) (mean, range)  38.0 (20-68) 42.6 (21-79) 34.2 (17-62)

Disease activity

CAI (mean, range) —_ 6.4 (1-15) —

I0IBD (mean, range) —_ —_ 2.4 (0-6)
Medication .

5-ASA or SASP — 27 22

Steroid — 16 7

Azathioprine — 5 9

NL. normal; 5-ASA, S-aminosalicylic acid; SASP, salicylazosulphapyndine.
Asscssment of discasc activity using clinical activity index (CAD in UC and
index of inflammatory bowel disease (IOIBD) in CD.

As for IBD, there have been only 3 reports describing FKN
expression in intestinal epithelial cells'*!4 and the role of
CX3CR1 polymorphisms in CD.!s However, CX3CRI ex-
pression on CD4* T cells has not heen investigated, although
there have been several reports on other chemokine recep-
lors_lé.”

In this study we focused on CX3CR17CD4" T cells to
clarify the contributions of the FKN/CX3CRI system to the
pathogenesis of IBD. We found that CX3CR17CD4" T cells
were increased in the peripheral blood of IBD, exclusively
lacked the expression of CD28, and only in the inflamed
mucosa of IBD did CD287CD4 " T celis exist.

MATERIALS AND METHODS

Patients and Samples

UC and CD patients were diagnosed based on clinical,
radiographic, endoscopic, and histological findings by estab-
lished criteria. Peripheral blood samples were obtained from
24 normal controls (NL), 28 patients with UC, and 26 with
CD. Clinical profiles of controls and patients are shown in
Table 1. Fifty-three biopsy specimens (UC n = 20, CD n
= 23, NL n = 10) were oblained endoscopically from in-
flamed and noninflamed areas of the colon for mucosal tissue
samples. Samples of normal controls were taken from pa-
tients with colonic polyps and the absence of inflammation
was histopathologically confirmed. For isolation of lamina
propria and intracpithelial lymphocytes, surgical specimens
were collected separately from the experiments above (NL, n
= 6, M:F = 4:2, mean age = 55.7, UC, n = 10, M:F = 7:3,
. mean age = 33.2, CD, n = 10, M:F = 6:4, mean age = 34.0).
As normal tissue samples, unaffected tissues in surgically
resected specimens for colon cancers were obtained. Samples
of IBD patients were obtained from inflamed area of each
resected specimen.

838

Preparation of Peripheral Blood Mononuclear Cells
(PBMCs), Lamina Propria Mononuclear Cells
(LPMCs), and Intraepithelial Lymphocytes (IELs)
PBMCs were isolated by density gradient centrifuga-
tion using Lymphoprep (Nycomed Pharma, Oslo, Norway)
from heparinized peripheral blood samples. For CD4* PB-
MCs, cells were magnetically separated using MACS CD4
MicroBeads (Miltenyi Biotec, Bergisch Gladbach, Germany)
and then sorted into CX3CR1-positive and -negative fractions
by EPICS ALTRA (Beckman-Coulter, Fullerton, CA). LP-
MCs were isolated from surgically resected intestinal speci-
mens using enzymatic techniques, as previously described.!®
Briefly, dissected mucosa was incubated in calcium and mag-
nesium-free Hanks’ balanced salt solution (Sigma, St Louis,
MO) containing 2.5% fetal bovine serum (BioSource, Ca-
marillo, CA) and 1 mM dithiothreitol (Sigma). The mucosa
was then incubated in medium containing 1 mM EDTA
(Sigma) for 60 minutes at 37°C. During this treatment, intra-
epithelial lymphocytes (IELs) and epithelial cells were re-
moved from the tissue. Then tissues that contained LPMCs
were collected and incubated in medium containing 0.02%
collagenase (Worthington Biochemical, Frechold, NJ). The
fraction was pelleted and centrifuged over a 40%—60% Per-
coll solution (Amersham Biosciences, Piscataway, NJ) den-
sity gradient. For isolation of IELs, supernatants after EDTA
treatment were washed, pelleted, then centrifuged.

Fluorescence-activated Cell Sorter (FACS) Analysis
Various antibodies were used for FACS analysis. Anti-
CX3CR1 monoclonal antibodies (mAb) (2A9-1) were pur-
chased from Medical and Biological Laboratories (Nagoya,
Japan). Anti-CD4 (RPA-T4), anti-CD7 (M-T701), anti-CD8
(RPA-T8), anti-CD11b (ICRF44), anti-CD16 (3G8), anti-
CD25 (M-A251), anti-CD28 (CD28.2), anti-CD29 (integrin
B1) (MAR4), anti-CD33 (HIM3-4), anti-CD45R0O (UCHL1),
anti-CD49d (9F10), anti-CD56 (B159), anti-CD62L (Dreg
56). anti-CDY4 (HP-3D9), anti-CD152 (CTLA-4) (BNI3),
anti-CD161 (DX12), anti-integrin B7 (FIB504), anti-
HLA-DR (G46-4), and isotype-matched control mAbs were
purchased from BD Pharmingen (San Diego, CA). Anti-
NKG2D (1D11) and anti-ICOS (C398.4A) mAbs were pur-
chased from eBioscience (San Diego, CA). Anti-CCR7 mAb
(FAB197p) was purchased from R&D (Minneapolis, MN).
Cells were incubated with mAb for 20 minutes at 4°C and
then rinsed. For intracellular staining for granzyme A and
perforin, a BD Cytofix/Cytoperm kit (BD Pharmingen), anti-

" granzyme A mAb (CB9; BD Pharmingen) and anti-perforin

mAb (8G9; BD Pharmingen) were used according to the
manufacturer’s instructions. Stained cells were analyzed by a
FACSCalibur with CellQuest software (Becton Dickinson,
San Jose, CA).
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FIGURE 1. A: Representative results of the surface expression of CX3CR1 on PBMCs from patients with ulcerative colitis (UC) and
normal controls by flow cytometry. Freshly isolated PBMCs were stained with anti-CX3CR1 mAb in combination with anti-CD4 mAb.
Patterns are gated on lymphocytes using forward and side scatter. B: Percentage of CX3CR1-positive cells among total CD4™ cells.
Freshly isolated PBMCs from patients with UC (n = 28), Crohn’s disease (CD, n = 26), and normal controls (NL, n = 24) were analyzed
by flow cytometry. The short bar indicates the mean value in each group. C: Correlation between the proportion of CX3CR17CD4™
cells and disease activity. Correlation was analyzed by Spearman’s correlation test.

Cell Culture and Stimulation

PBMCs were cultured at a concentration of 5 X 10°/mL
in RPMT 1640 medium (Sigma) supplemented with 10% fetal
bovine serum, 100 U/mL penicillin, and 100 mg/mL strepto-
mycin (Invitrogen, Carlsbad, CA). For stimulation of PB-
MCs, 10 pg/mL of immobilized anti-CD3 (UCHTI1; BD
Pharmingen) and 5 ug/mL of anti-CD28 (CD28.2; BD Phar-
mingen) antibodies were used. In other experiments, cells
were also stimulated with phorbol myristate acetate (PMA:
100 ng/mL) and ionomycin (I ug/mL) (Sigma).

In migration assays using the Transwell system!¢
(Coming, NY), soluble FKN was added in the lower chamber
and peripheral blood mononuclear cells were added into the

upper chamber. These chambers were scparated by a 5-um
pore size membrane. Cells were allowed to migrate for 4
hours. Migrated cells in the lower compartments were then
collected and counted by flow cytometry.

Enzyme-linked Immunosorbent Assay (ELISA) and
Cytometric Bead Array (CBA)

Concentrations of FKN in sera and granzyme A in
culture supernatants of sorted PBMCs were measured using
specific ELISA (FKN: R&D, granzyme A: Bender MedSys-
tems, Vienna, Austria). According to the manufacturer’s in-
structions, the minimum detectable FKN and granzyme A
concentrations were 0.63 ng/mL and 22.2 pg/mL., respec-
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tively. To mcasure the concentrations of cytokines, BD Cy-
tometric Bead Array (CBA) Human Th1/Th2 Kit (BD Phar-
mingen) was used according to the manufacturer’s
instructions.

Quantitative Reverse-transcription Real-time
Polymerase Chain Reaction

Tissue samples were stabilized in RNA Later (Qiagen,
Hilden, Germany) and kept at —20°C until homogenization.
After homogenization using a QIA shredder (Qiagen), total
RNA was extracted using an RNeasy Mini Kit (Qiagen).
RNA was treated with Qiagen DNase (Qiagen) to remove any
contaminating genomic DNA. Complementary DNA (¢cDNA)
was synthesized using the Superscript first strand synthesis
system for reverse transcription-PCR (Invitrogen,) according
to the manufacturer’s instructions. Quantitative real-time
PCR was performed using Tagman PCR master mix (Applied
Biosystcms, Foster City, CA) and VIC-labeled probc for
B-actin with FAM-labeled probe for FKN obtained from
Assays On Demand (Applied Biosystems), with DNA Engine
Opticon 2 System (MJ Rescarch, Waltham, MA).

Immunohistochemistry:

Immunohistochemistry was conducted on OCT-embed-
ded sections of frozen samples. Briefly, 6-um-thick cryostat
sections were fixed in 99% acetone for 10 minutes and then
the samples were rehydrated 3 times in phosphate-buffered
saline (PBS) for 5 minutes cach time. Sections were treated
with PBS-3% BSA for 30 minutes, and then incubated for 1
hour at room .temperature with the following primary anti-
bodies: rabbit anti-CX3CR1 antibody,® rabbit antihuman
FKN antibody (eBioscience), and normal rabbit immuno-
globulin fraction as an isotype-matched control antibody. The
samples were washed 3 times in PBS for 5 minutes each time
and incubated for | hour at room temperature with Alexa
Fluor 488 conjugated goat antirabbit IgG (Molecular Probes,
Eugene, OR). After washing with PBS the sections were
mounted with Fluorescent Mounting Medium (DakoCytoma-
tion, Carpinteria, CA).

Statistical Analysis

Results are shown as mean and standard error (mean
* SEM). The probability of significant differences was cal-
culated using Mann-Whitney U-test and Dunn’s multiple
comparison test was used when needed. To assess the rela-
tionship between 2 parameters, Spearman’s correlation coef-
ficient test was used. A P value of <0,05 was considered
significant.

Ethical Considerations

All experiments were approved by the local ethics
commiltees. Informed consent was obtained from all patients
before obtaining samples.
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FIGURE 2. Representative results of expression of CX3CR1 and
various functional antigens on CD4™ T cells by flow cytometry.
Freshly isolated PBMCs from a UC patient were stained with
anti-CD4 mAb, anti-CX3CR1 mAb, and mAbs to various surface
molecules. Patterns are gated on CD4* cells.

RESULTS

CX3CR1-positive CD4* T Cells Are Increased in
Peripheral Blood of IBD Patients

We first performed FACS analysis to determine the
expression of CX3CRI1 on PBMC from normal controls
and IBD patients. The majority of CD14™ monocytes and
more than one-third of CD8* T cells expressed CX3CRI
in normal controls. as previously reported,2.2021 4nd the
positive rates were not significantly different in the IBD
samples (data not shown). However, CX3CRI1-positive
CD4™ T cells were significantly increased in both UC
(15.7 = 2.9%) and CD (13.9 * 3.4%) compared with
controls (2.9 * 0.6%) (Fig. 1A.B). although the other
clinical factors including age and sex showed no signifi-
cant differences among 3 groups. Further analysis showed
that the positive rate among CD4" cells was significantly
correlated with disease activity both in UC and CD (Fig.
1C). These findings indicated that CX3CRI1 expression is
increased in peripheral blood T cells of IBD patients
especially in CD4™" T cells of active IBD patients. More-
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FIGURE 3. A: Cytokine production from CX3CR1*7CD4* cells. Sorted CX3CR17CD4* and CX3CR17CD4 ™" cells were stimulated with
immobilized anti-CD3 mAb and anti-CD28 mAb. After 48 hours supernatants were collected to measure concentration of IFN-v,
TNF-a, IL-10, IL-5, IL-4, IL-2 by Cytometric Beads Array. Representative data from a CD patient is shown. B: The ratio of cytokine
concentration from CX3CR17CD4™ cells to that of CX3CR17CD4™ cells is shown. Cells were stimulated in the same manner as Figure
3A. Samples were obtained from patients with ulcerative colitis (UC, n = 3) and Crohn’s disease (CD, n = 3) who had enough
CX3CR1"CD4" cells for sorting and further analysis. C: Granzyme A and perforin production by peripheral CD4" T cells from a CD
patient were analyzed by flow cytometry using anti-CD4 mAb, anti-CX3CR1 mAb, and anti-granzyme A mAb or anti-perforin mAb.
Staining patterns are representative of 4 patients with IBD. D: Granzyme A released from CX3CR1*CD4* was quantified by ELISA.
After separation of CX3CR17CD4™ from CX3CR17CD4™* cells, 1 X 10° cells were cultured with PMA plus ionomycin. After 4 hours
supernatants were collected to measure the concentration of granzyme A using a specific ELISA. Peripheral blood samples were
obtained from patients with ulcerative colitis (UC, n = 5), and Crohn's disease (CD, n = 3).N.D., not detected. *P < 0.05 compared to
CX3CR1™ cells without stimulation. :
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FIGURE 4. A:Relative fractalkine (FKN) mRNA expression in the colonic biopsy specimen from normal controls (NL, n = 10), patients
with ulcerative colitis (UCI inflamed, n = 12; UCN noninflamed, n = 8), and patients with Crohn’s disease (CDlinflamed, n = 12; CDN
noninflamed, n = 11) were quantified by real-time reverse-transcription polymerase chain reaction. The short bar indicates the
mean value in each group. Values were normalized to the housekeeping gene B-actin. B: Confocal imaging of FKN expression in
colonic tissue. Tissue sections of normal control (NL), inflamed and noninflamed area of ulcerative colitis (UCl, UCN) and Crohn’s
disease (CDI, CDN) were processed for immunofluorescence staining with anti-FKN antibody.

over, to investigate the effect of treatment on CX3CR1  Characterization of Increasing CX3CR1* CD4™ T

expression, we examined some patients suffering from

active disease and with substantial CX3CRI*CD4" T .

cells. CX3CR1'CD4 " T cells decreased significantly after
clinical remission was achieved in the course of treatment
(data not shown). :
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To characterize the phenotype of increasing
CX3CR1'CD4™ T cells in IBD patients, surface antigens
were further examined using flow cytometry (Fig. 2).
CX3CRITCD4* T cells always exhibited as the
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OGCRITCD28 CD4" T Cells in IBD

CD45RO"CCR77CD62L~ memory phenotype, and showed
higher expressions of the cytotoxic lymphocyte markers,
CDl1l1b, CD56, CD94, CDi161, and NKG2D than their
CX3CR1-negative counterparts. Interestingly, nearly all of
the CX3CR17CD4"* T cells lacked CD28, an essential co-
stimulatory molecule for CD4" T cells. Conversely, all
CD28°CD4™ T cells expressed CX3CRI, indicating that
CD28 and CX3CR1 were alternately expressed on CD4* T
cells. We also examined integrin expression and found that
CX3CR1*CD4™" T cells always expressed high levels of a4
and B1 but rarely expressed B7.

Production of Cytokines and Cytotoxic Granules in
CX3CR1* CD4"* T Cells in IBD

Next, the cytokine production profile of CX3CR17CD4*
T cells was compared with that of CX3CR1-CD4" T cells after
stimulation with anti-CD3 and anti-CD28 mAbs. When 6 cyto-
kines were examined using CBA, CX3CR17CD4" T cells
produced more IFN-y and TNF-a, and less IL-10, IL-5, IL-4,
and TL-2 than CX3CR17CD4" T cells in 3 UC and 3 CD
paticnts (representative data [Fig. 3A] and the ratio of the pro-
duction from CX3CR1" to CX3CR1 ™ cells in 6 patients [Fig.
3B)). Because CX3CR17CD4™ T cells expressed several cyto-
toxic lymphocyte markers, as shown in Figure 2, intracellular
- staining for cytotoxic granules was also performed to investigate
whether these cells had cytotoxic activity in IBD patients. As
shown in Figure 3C, intracellular staining revealed that
CX3CR1*CD4" T cells contained granzyme A and perforin in
resting condition, while CX3CRI™CD4" T cells did not. We
then stimulated these cells to examine whether they were actu-
ally capable of releasing the cytotoxic granules in an activated
state. As expected, only when CX3CR17CD4™ T cells were
stimulated could granzyme A (Fig. 3D) be detected in the
culture supernatants. These results suggest that CX3CR17"
CD4™ T cells can act both as proinflammatory cells and cyto-
toxic lymphocytes.

FKN Is Upregulated in the Inflamed Tissues of IBD
To investigate the expression of FKN, the ligand for
CX3CR1, in the gut of IBD patients, we first examined
mRNA expression using quantitative PCR. FKN mRNA ex-
pression was ~5-fold higher in inflamed tissues of UC (4.59
+ 0.92AU) and 6-fold in CD (5.90 = 1.42AU) than in
controls (Fig. 4A, P < 0.05). Furthermore, mRNA expression
in inflamed tissues showed a tendency to be higher than that
in noninflamed tissues in both UC and CD, although the
diffcrence was not statistically significant. Next, immunohis-
tochemistry was performed to determine the localization of
FKN in inflamed colonic tissues. FKN was strongly ex-
pressed in epithelial cells in the colonic tissues and the
expression ‘was stronger in the inflamed regions obtained
from active UC and CD patients (Fig. 4B). No obvious FKN
upregulation on endothelial cells was detected. Further, to

confirm the influence of inflammation on FKN expression,
human colonic epithelial cell lines, HT29, HCT-15, and
DLD-1, were cultured with proinflammatory cytokines,
TNF-a or IL-18. As described previously,'3.!5 these cyto-
kines clearly induced FKN mRNA expression in colonic cell
lines (data not shown).

Exclusive Increase of CD28CD4" T Cells in IELs and
LPMCs from Patients with IBD

To determine whether CD4* T cells expressing CX3CR1
are also increased in inflamed tissues of IBD, LPMCs and IELs
were stained for CX3CRI1 and analyzed by flow cytometry (Fig.
5A). However, unexpectedly, CX3CR1 expression was not de-
tected on either CD4™ or CD8™ T cells, while some of CD33™
macrophages expressed CX3CR1. This finding was irrespeclive
of whether samples came from inflamed or noninflamed parts
of resected specimens. Immunohistochemical analysis for
CX3CR1 was also performed but lymphocytes were again neg-
ative for CX3CR1 (data not shown). Because it is known that
lymphocytes infiltrating in mucosal tissues show an activated
phenotype, we examined the possibility that CX3CR1 expres-
sion on T cells may be downregulated in the presence of inflam-
mation. We then stimulated PBMCs from IBD patients and
found that activated CD4" T cells lost CX3CRI expression
within 6 hours, while CD28 expression was not affected by the
stimulation of anti-CD3 mAb, as previously reported>? (Fig.
5B). Then we investigated CX3CR1 and CD28 expression after”
migration to FKN using a transwell system. As with CX3CR1*
T cells from healthy individuals.2* CX3CR1"CD287CD4" T
cells in patients with IBD were selectively attracted by FKN
(Fig. 5C). Importantly, they again lost CX3CR1 expression after
migration to FKN and remained negative for CD28. Combining
these results, we have concluded that CX3CRI1 expression on
CD4" T cells could be downregulated by either activation or
migration. Thus, we next examined CD28 expression on muco-
sal CD4™ cells to identify CX3CR1*CD28~CD4" mucosal T
cells. We inV'estfgatcd both LPMCs and TELs, and found that
CD28CD4" cells are extremely rare in normal controls (LP-
MCs, 0.15 * 0.05%, IELs, 1.3 = 0.5%, n = 6). However,
CD28~CD4" cells could be detected in both LPMCs (UC, 1.01
* 0.33%, n = 10, CD, 1.91 * 0.44%, n = 10) and IELs (UC,
7.9 * 3.2%, CD, 6.1 * 2.4%,) isolated from patients with IBD
and existed significantly more in TELs (7.0 = 2.0%) than LP-
MCs (1.5 + 0.3%) (Fig. SD,E).

Taken together, these results suggest that FKN recruits
CX3CRI1"CD4" T cells to the inflamed epithelium of IBD,
where expression of CX3CR1 itself is downregulated.

DISCUSSION )
We showed that CX3CRI expression on peripheral
CD4* T cells was significantly upregulated in both UC and
CD patients. This finding is consistent with previous reports
on chronic inflammatory diseases such as rheumatoid arthri-
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tis™? and systemic sclerosis.'® As shown in Figure 1C, the
increase of CD4"CX3CR17 cells in IBD patients was posi-
tively correlated with disease activity. Moreover,
CX3CR17CD4™ T cells significantly decreased after they
achieved remission. These findings are noteworthy because
dysregulated CD4"% T cells have been considered (o play a
central role in the pathogenesis of IBD.
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These unique CD4™ T cells also express cytotoxic
lymphocyte makers such as CDI11b, CD56, CD161 and
possess intracellnlar cytotoxic granules, granzyme A and
perforin. After stimulation, they bave a tendency to

" produce proinflammatory cytokines . compared to their

counterparts, typical CX3CR17CD4* T cells. Moreover,
only CX3CR1* cells among CD4" cells actually could
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release cytotoxic granules. These data suggest that
CX3CR1*°CD4" T cells have dual functions as Thl effec-
tor and cytotoxic T cells.

Another unique feature of CX3CR1YCD4" T cells is
that they lack the CD28 molecule. which is an essential
costimulatory molecule for CD4" T cell activation. Previ-
ously, Nanki et al® reported that CX3CR1*CD4"* T cells
could not be found in inflamed synovium from patients with
rheumatoid arthritis because of the downregulation of
CX3CR1, and we also failed to detect CX3CR1'CD4" T
cells in the gut of IBD patients. Therefore, we examined
CD28 expression on CD47 cells instead. As expected, we
could demonstrate that CD287CD4" mucosal T cells were
found only in the gut of patients with IBD, especially in TELs,
while we failed to detect CX3CRI1 expression. This result is
highly intriguing. First, the existence of CD287CD4™" T cells
has recently been reported in several chronic inflammatory
diseases such as rheumatoid arthritis,?*->* Wegener’s granu-
lomatosis,?” multiple sclerosis,?® and also UC.?? As reported.
these CD287CD4" T cells have cytotoxic activity and in
some cases are autoreactive CD4™ T cells, which suggests
- their pathogenic role in chronic inflammation. Second, there
have been reports concerning the cytotoxic activity of IELs

obtained from IBD patients.?3! Although these reports did
not mention CX3CR1 expression, CX3CR1°CD4* T cells in
IBD arc likcly to be overlapped with these cytotoxic
CD28°CD4" populations. Finally, although they did not
mention CD4 " TELs, Muehlhoefer et al'3 reported that FKN
produced from epithelial cells is important in the retention of
CD8" IELs. Combining our data with these reports, it might
imply that a fraction of IELs was derived from circulating
CX3CR17CD287CD4™ T cells especially in an inflamma-
tory condition, which suggests the pathogenic role for the
FKN/CX3CRI system in IBD.

Inhibition of the FKN-CX3CR! interaction ameliorated
disease activity in animal models for chronic inflammatory dis-
eases such as murine collagen-induced arthritis,*? glomerulone-
phritis,3* and experimental autoimmune myositis.?* Thus, it is
important to examine whether anti-FKN antibody is also effec-
tive in murine IBD models, as inhibition of FKN-CX3CRI
could be a new therapeutic approach for IBD treatment.

In summary, our data indicate that CX3CR17CD4" T
cells, which have dual functions as proinflammatory and

“cytotoxic T cells, are increased in peripheral blood and infil-
trate to inflamed epithelial cells overexpressing FKN, con-
tributing to the pathogenesis of IBD.
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OBJECTIVE: . The clinical significance of cytomegalovirus (CMV) reactivation complicating ulcerative colitis (UC)
patients has been uncertain. It has therefore remained undetermined whether or not CMV
reactivation should be treated in UC patients under immunosuppression. The aim of the study was
to clarify the natural history of CMV reactivation in UC patients.

METHODS: Sixty-nine UC patients with moderate to severe activity were enrolled in the study. All of the patients
were treated with prednisolone, and/or immunosuppressants such as cyclosporine A. We
sequentially monitored CMV reactivation every 2 wk up until 8 wk using the CMV antigenemia (Ag)
assay and plasma quantitative real-time polymerase chain reaction (PCR) assay for CMV.

RESULTS: Immunoglobulin (Ig) G for CMV was positive in 48 patients (69.6%) and negative in 21 patients

: (30.4%). CMV was reactivated in 25 patients out of the 48 seropositive patients (52.1%) during the
study period. The CMV Ag and PCR values were low and none of the patients showed any evidence
of CMV infection on biopsy specimens by hematoxylin and eosin staining. While gancylovir (GCV)
was not used except in two patients, clinical outcomes including rates of remission and colectomy
were not significantly different among the CMV reactivation-positive, -negative, and CMV IgG
negative groups. Furthermore, CMV disappeared without GCV in most of the CMV
reactivation-positive patients.

CONCLUSIONS: CMV is frequently reactivated in active UC patients; however, it disappears without antivira! agents.
Therefore, antiviral therapies should not be necessary for most UC patients with only CMV
reactivation as long as CMV Ag values are low.

(Am J Gastroenterol 2007;102:331-337)

INTRODUCTION oped and applied to clinical use, especially in recipients of
hematopoietic stem cell transplantation (HSCT) (10, 11). The
Primary cytomegalovirus (CMV) infections are generally =~ CMV antigencmia (Ag) assay is onc of the most widcly used

asymptomatic or minimally symptomatic in immunocompe- methods to detect CMV reactivation, and CMV Ag-based
tent hosts and are followed by latent infection. Latent CMV  pre-emptive therapy has been shown to effectively prevent
infection could lead to active discases via rcactivation in im-  the occurrence of CMV diseases in HSCT recipients (12,

munosuppressive states, such as acquired immunodeficiency 13). There have been only a few studies reporting that CMV
syndrome, organ transplant recipients, or patients treated with  reactivation has been assessed using CMV Ag in UC patients
immunosuppressants. The main sites of CMV disease are the (14, 15). Wada et al. reported that the sensitivity of CMV
eyes, lungs, and intestines (1). A considerable number of  Ag for CMV infection is higher than that of histological
reports have recently suggested that CMV infection could  assessments in UC patients (15). Moreover, we have pre-
contribute to steroid resistance, megacolon, or exacerbation  viously shown that the plasma quantitative real-time poly-
in ulcerative colitis (UC) patients (2-9). CMV infection was  merase chain reaction (PCR) assay for CMV was more sensi-
proven histologically in most of these studies, which sug-  tive for detecting gastrointestinal CMV reactivation in HSCT
gests active CMV disease in the colon. Rapid, sensitive, and  recipients than CMV Ag (11). Thus, CMV Ag and the plasma
reliable methods, which can detect CMV reactivation before  real-time PCR assay for CMV could have a higher sensitivity
CMV disease becomes apparent, have been recently devel- for detecting CMV reactivation in UC patients compared with

331
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histological detection methods. In addition to their higher
sensitivity, they also have an advantage in that they can be
repeated periodically, because both CMV Ag and the real-
time PCR assay are blood examinations.

It is unknown whether CMV reactivation should be treated
in UC patients during immunosuppressive therapy. Itis there-
fore important to determine the natural history of CMV reac-
tivation in UC patients. In this study, we aimed to determine
(a) the prevalence and natural history of CMV reactivation in
active UC patients, and (b) whether CMV reactivation would
affect clinical outcomes. To achieve these goals, we sequen-
tially monitored CMV reactivation using both CMV Ag and
real-time PCR every 2 wk in active UC patients.

PATIENTS AND METHODS

Patient Selection

UC patients over the age of 15, who were admitted to our
hospital, were ¢ligible for this study. The diagnosis of UC
was made by clinical, endoscopic, and histological findings
according to standard criteria (16, 17). We selected patients
with moderate to severe activity by the Truelove-Witts criteria
(18). Patients with only proctitis were excluded. There were
no inclusion/exclusion criteria for disease duration, medica-
tion, or complications. Colonoscopic examinations were per-
formed for diagnosis and assessment of severity within 1 wk
of admission. Biopsics were obtained for histological asscss-
ment. Fecal bacterial culture yielded no specific pathogens
in all the patients. Discasc activities were quantified and fol-
lowed with the Lichtiger score (19) during the study period.
The protocol was approved by the ethical committee of Keio
University and informed consents were obtained.

Study Design

We first measured Immunoglobulin (Ig) M and IgG antibod-
ies against CMV in all the patients. If both IgG and IgM
antibodies against CMV were negative (CMV seronegative),
we followed CMV IgG and IgM antibodics over 8 wk without
further monitoring of CMV reactivation. If cither IgG or [gM
antibodies were positive, we monitored CMV reactivation ev-
ery 2 wk until 8 wk with CMV Ag and the plasma CMV PCR
assay. CMV reactivation was diagnosed when either CMV
Ag or PCR was positive at least at one time point during the
8-wk study period. Based on each physician’s decision, the
patients were treated with conventional immunosuppressive
therapies for UC, such as prednisolone (PSL), cyclosporine
A (CsA), 6-mercaptopurine (6-MP), and apheresis (20, 21).
In principle, CsA was administered to patients who did not
respond to 1 wk of PSL therapy, and apheresis was indicated
to patients who showed some improvement by PSL, but did
not enter into remission.

CMV Ag Assay

The CMV Ag assay was performed according to previ-
ously reported methods (12). Briefly, EDTA-treated whole
blood samples were fractionated by dextran sedimenta-

tion and lysis of erythrocytes. The granulocytes were then
centrifuged to prepare a cytospin slide. The cells were
then fixed with formaldehyde, sequentially immunostained
with’ the monoclonal antibodies C10/C11 (Clonab CMYV;
Biotest, Dreieich, Germany), and reacted with goat alka-
line phosphatase-labeled antimouse immunoglobulin (Yuka
Medias Co, Ibaraki, Japan). One or more stained cells were
considered to be CMV reactivation positive. The number of
positive cells on a slide was counted. The examinations were
performed in duplicate.

Plasma Real-Time PCR Assay for CMV

The real-time PCR assay for CMV was performed as previ-
ously reported (22). In brief, DNA extracted from 100 uL
of plasma with a QIAmp Blood Mini Kit (Qiagen, Valencia,
CA) was subjected to PCR. The sequences of PCR primers
and the probe were selected from the US17 region of CMV
ADI169. The TagMan probe selected between the primers
was dual-labeled with 6-carboxyfluorescein and 6-carboxy-
teremethyl-thodamine. The PCR reaction was performed us-
ing TagMan Universal PCR Master Mix (PE Biosystems,
Foster City, CA). Quantification was carried out with a seri-
ally diluted standard ranging from 10 to 1x 107 copies/well,
and the gene copy numbers were then calculated with Se-
quence Detection System version 1.6.3 software (PE Biosys-
tems). The minimum detection level was 20 copies/100 uL
of plasma and valucs over this lower detection limit werce
considered to be CMV reactivation positive.

Statistical Analysis

The Kruskal-Wallis test was used to analyze the variance on
each factor among CMV reactivation-positive and negative
groups, and CMV seronegative groups. If the difference was
considered significant by the Kruskal-Wallis test, the Mann-
Whitney U test with Bonferroni correction was applied for
multiple comparisons. A P value <0.05 was considered sig-
nificant. :

RESULTS

Baseline Clinical Features of the Patients

A total of 69 patients were enrolled in this study. Based on
the status of the CMV-IgG antibody and CMV reactivation,
we classified the patients into the three following groups: (a)
CMYV IgG positive and CMV reactivation positive patients
were in the CMV reactivation positive group, (b) CMV IgG
positive and CMV reactivation negative patients were in the
CMV reactivation negative group, and (c) CMV IgG nega-
tive patients were in the CMV IgG negative group. The CMV
IgG negative group was regarded as a control in which CMV
could never contribute to the exacerbation of UC. The clin-
ical characteristics at 0 wk in the three groups are shown in
Table 1. The CMV IgG negative group was significantly
younger than the other groups and the disease duration of the
CMV reactivation positive group was significantly shorter
compared with that of the CMV reactivation negative group.
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Table 1. Baseline Clinical Characteristics of the Patients
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3CMV Reactivation (+) PCMV Reactivation (<) °CMV IgG (-)
(N =25) (N=23) (N=21) . avsb avsc

Age (vr)* 40.0 (15-73) 33.0 (19-64) 28.0 (15-45) n.s. P < 0.05
Sex (M/F) 12/13 17/6 11/10 n.s. n.s.
Disease duration (yr)* 1.9 (0.1-15.5) 7.4 (0.1-21.1) 24 (0.1-22.7) P < 0.05 n.s.
Extent of the disease .

Pancolitis 19 (76.0%) 18 (78.3%) 15 (71.4%) n.s. n.s.

Left 6 (24.0%) 5(21.7%) 6 (28.6%)

Lichtiger score* 13.0 (7.0-19.0) 12.0 (5.0-20.0) 13.0 (5.0-20.0) n.s. n.s.
Medication

Amount of PSL within previous 4 wk* (mg) 610 (0-1,740) 475 (0-1,180) 670 (0-1,640) n.s. n.s.

Mesalamine/Sulfasalazine 23 (92.0%) 22 (95.7%) 22 (100.0%) n.s. n.s.

6-MP 2 (8.0%) 0 (0.0%) 2 (9.5%) ns. n.s.

Apheresis! 6 (24.0%) 5(21.7%) 7 (33.3%) n.s. n.s.

*Values are median (range).

{ Apheresis includes granulocytapheresis and leuckocytapheresis. CMV = cytomegalovirus: n.s. = not significant; PSL = prednisolone; 6-MP = 6-mercaptopurine.

Besides these differences, the three groups were similar in
baseline clinical features, including sex, disease activity, ex-
tent, and medications.

CMYV Seropositivity and Reactivation

We first measured IgG and [gM antibodies against CMV in
all the patients. None of the patients were positive for the
CMV-IgM antibody. The CMV-IgG antibody was negative in
21 patients (30.4%) and positive in 48 patients (69.6%). The
CMV-IgG and TgM antibodies remained negative over 8 wk
in all 21 seronegative patients. In 48 seropositive patients,
CMV reactivation was diagnosed when either CMV Ag (one
or more positive cells) or CMV PCR (>20 copies/100- uL)
was positive at lcast at one time point during the 8-wk study
period. In total, 25 patients had CMV reactivation (52.1% in
the scropositive patients) (Table 2). CMV rcactivation was
diagnosed by Ag (4+)/PCR (+) in 15 patients, Ag (-)/PCR
(4) in 8 patients, and Ag (+)/PCR (=) in 2 patients (Table
2). None of the patients showed any evidence of CMV in-
fection on biopsy specimens by H&E staining. These results
showed that active UC patients frequently experienced CMV
reactivation.

The Level of CMV Reactivation

Because it has been reported that the positive cell number
of CMV Ag parallels the risk of developing CMV disease
(10, 12, 13), we showed the maximum values of CMV Ag
during the study period (Table 3). In 17 patients positive for
CMV Ag, the maximum value was 1 in approximately half

Table 2. Prevelance of CMV Reactivation Among CMV IgG Posi-

of the patients (8/17, 47.1%). While 10 or more positive cells
indicates a higher risk for developing CMV disease in HSCT
and organ transplantation recipients (10, 23), only one patient
showed over 10 positive cells. However, the patient’s symp-
toms improved with PSL, and CMV reactivation turned out
to be negative without antiviral agents.

We have previously reported that the real-time PCR as-
say is uscful for diagnosis of gastrointcstinal CMV dis-
case in HSCT recipients (11). The previous study demon-
strated that the maximum valucs of CMV PCR ranged from
3.0x 10 to 7.0x 10° copies/100 uL (median 2.4 x 10% copies/
100 L) in HSCT recipients with gastrointestinal CMV dis-
ease. In contrast, the maximum values of CMV PCR ranged
from 1.0x 10? to 4.6x 10° copies/100 pL (median 3.8x 10°
copies/100 L) in UC patients in this study. Thus, the values
of CMV PCR in our study were much lower than those of
paticnts with gastrointestinal CMV disease.

Treatment and Outcome

Treatment and outcome at 8 wk are summarized in Table 4.
While the amount of PSL during the study period was not dif-
ferent among the three groups, CsA was administered more
frequently in the CMV reactivation positive group compared
with the CMV reactivation negative group (13/25 [52.0%)] vs
3/23 [13.0%], P < 0.05). However, the rate of CsA therapy
was not significantly different between the CMV reactiva-
tion positive and the CMV IgG negative groups. Of 13 CMV
reactivation positive patients administercd CsA, CMV reac-
tivation was first detected after CsA administration in five

Table 3. Maximum Value of CMV Ag

tive Patients (N = 48) S No. of Positive Cells (/slide) N %
CMV Ag CMV PCR N % 1 8 47.1
- = 23 419 2 ! o
+ + 15 313 :
4 3 17.6
- + 8 16.7
N T ) 4y S 2 (1.8
9 1 59
CMV = cytomegalovirus; UC = ulcerative colitis; Ag == antigenemia; PCR = 14 1 59

polymerase chain reaction.
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Table 4. Treatment and Outcome

3CMV Reactivation (+)* PCMV Reactivation (=) CCMV IgG (-)
(N =25) (N =23) (N=21) avsb avsc

Therapies

CsA 13 (52.0%) 3 (13.0%) 7 (33.3%) P <0.05 n.s.

FK 506 1 (4.0%) 5(21.7%) 0 (0.0%) n.s. ns.

Amount of PSL during the study’ (mg) 1,289 (489-2,700) 1,265 (45-2,470) 1,594 (43-3,680) ns. " ns.

Apheresis 10 (40.0%) 9 (39.1%) 10 (47.6%) n.s. ns.

6-MP 11 (44.0%) 10 (43.5%) 9 (42.9%) n.s. ns.
Outcome

Remission at 8 wk 18 (72.0%) 15 (65.2%) 13 (61.2%) ns. ns.

Colectomy 4(16.0%) 1 (4.3%) 4 (19.0%) n.s. ns.

*Two patients were treated with ganclylovir.

"Values are median (range).

! Apheresis includes granulocytapheresis and leuckocytapheresis.
Remission is defined as a Lichtiger score below 4.

CMV = cytomegalovirus; CsA = cyclosporine A; n.s. = not significant; PSL = prednisolone; 6-MP = 6-mercaptopurine.

patients (38.4%). The remaining eight patients (61.5%) were
already positive for CMV reactivation before CsA adminis-
tration. While antiviral agents were not administered except
for two patients described below, the rates of remission (as
defined by a Lichtiger score of 4 or less) and colectomy were
not significantly different among the three groups. Tmpor-
tantly, even in the CMV reactivation positive group, most
of the patients (18/25, 72%) entered remission with conven-
tional immunosuppressive therapies without administration
of antiviral agents. In four paticnts requiring an opcration in
the CMYV reactivation positive group, two patients showed
positive only for CMV-PCR at low lcvcels and it turned out to
be negative without antiviral agents before the operation. The
remaining two patients were treated with gancylovir (GCV)
at 5 mg/kg twice a day for 2 wk, because they showed a pro-
gressive clinical course and their CMV Ag values increased:
one patient’s values increased from 0 to 3, and the other in-
creased from 1 to 4. Immunohistochemical staining for CMV
was negative in both of the patients before GCV administra-
tion. Although CMV disappeared with the agent, the discase
activity remained high and an operation could not be avoided.
We were not able to find histological evidence of CMV infec-
tion on the patients’ surgical specimens. These results suggest
that CMV reactivation has little effect on the clinical course
of UC patients.

Time-Course Change of CMV Reactivation

We analyzed the time-course change of CMV reactivation in
the CMV reactivation positive patients (Table 5). As shown
in Table 2, CMV reactivation was observed in a total of 25 pa-

tients during the study period, it was positive in 16 patients at
0 wk. Tt was notable that PSL administration had alrcady been
begun in all of these 16 patients before the study, and all of
the eight patients who had not been administered PSL at 0 wk
were negative for CMV reactivation (data not shown). The
number of CMV reactivation positive patients was highest
at 2 wk, which may reflect the highest rate of CsA therapy.
Although we treated the patients with immunosuppressive
therapies for UC regardless of the results of CMV reactiva-
tion, CMV reactivation was gradually resolved without an-
tiviral agents. The resolution of CMV rcactivation paralleled
the decline of PSL. Whilc two paticnts remained positive for
CMV reactivation at 8 wk, they were negative at 10 wk (data
not shown). We started 6-MP as a maintenance therapy for
some patients; however, it did not appear to affect CMV re-
activation during the study period. Thus, CMV reactivation
could be resolved without antiviral agents in most of the UC
patients treated conventionally with PSL and other immuno-
suppressants.

DISCUSSION

CMV Agand PCR are widely used to monitor CMV reactiva-
tion in HSCT patients. CMV Ag-guided pre-emptive therapy
has been shown to be cffective in preventing CMV disease
in HSCT recipients (12, 13). In HSCT and organ transplan-
tation recipients, 10 or more positive cells indicate a higher
risk of developing CMV disease (10, 23). While the clini-
cal significance of CMV reactivation in HSCT recipients has
been established, it is unknown whether CMV reactivation

Table 5. Time-Course Change of CMV Reactivation Among CMV Reactivation Positive Patients

Wk (N)* 0(25) 2(24) 4(23) 6@21) 8(21)
Positive for CMV reactivation (N) 16 (64.0%) 19 (79.2%) 11 (47.8%) 4(19.1%) 2(9.5%)
Dose of PSL (mg)! 30 (0-80) 20 (0-80) 20 (0-60) 15 (7-40) 10 (6-30)
CsA (N) « 0 12 4 i 1
6-MP (N) 2 3 10 10 10

*Numbers are decreased because the patients subject to an operation are eliminated.
tValues are median (range).

CMYV = cytomegalovirus; PSL = prednisolone; CsA = cyclosporine A: 6-MP = 6-mercaptopurine.
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could affect clinical course of UC patients. We conducted the
present study to clarify the natural history of CMV reactiva-
tion in active UC patients. Distinguishing characteristics of
this study are described as follows: (a) we monitored CMV
reactivation sequentially and prospectively, (b) we used both
CMV Ag and the real-time PCR assay, and (c) we evalu-
ated a large number of UC patients. There are only a few
reports that have evaluated CMV reactivation with CMV Ag
in UC patients (14, 15). Furthermore, to our knowledge, this
is the first prospective study to monitor CMV reactivation
with plasma CMV PCR in a large number of UC patients. By
monitoring CMV reactivation sequentially and prospectively,
we were able to reveal the time-course kinetics of CMV reac-

tivation in UC patients for the first time. The most important .

finding of this study is that CMV is frequently reactivated in
active UC patients; however, it disappcars without antiviral
agents.

Some reports have suggested the clinical significance of
CMV infection in UC patients. Berk et al. reviewed 16 re-
ported cases of inflammatory bowel disease with histolog-
ically proven CMYV infection of the colon and showed that

CMV infection was associated with a poor prognosis such °

as a high mortality rate (seven of 16), toxic megacolon (five
of 16), and requirement of colectomy (10 of 16) (2). Cottone
et al. have reported that histological analysis by H&E and im-
munohistochemical staining of rectal biopsics revealed CMV
positive cells in seven (36%) of 19 patients who did not re-
spond to IV steroids among 62 patients with severe colitis,
including 55 with UC and seven with Crohn’s disease (6).
Kambham et al. have demonstrated similar data in that CMV
infection was histologically detected in 10 of 40 (25%) pa-
tients with steroid refractory UC, but not in patients with
nonrefractory UC (9). In addition to these studies, some other
studies have raised the possibility that CMV infection could
play a role in steroid resistance (5, 24). However, it has not
been determined whether CMV reactivation could affect clin-
ical course of UC. We showed that clinical outcomes includ-
ing colectomy and remission did not differ regardless of CMV
reactivation. Furthermore, these outcomes of CMV reactiva-
tion positive patients were not different from those of the
CMV seronegative patients. These results suggest that the
clinical significance of CMV rcactivation may be limited in
UC patients.

Only few data are available concerning the necessity of an-
tiviral agents for CMV infection complicated with UC. Vega
et al. demonstrated that five of six UC cases with histologi-
cally proven CMYV infection responded to GCV (5). Cottone
et al. reported similar data in UC patients with histologically
proven CMV infection. de Saussure ef al. reported that one
out of three UC cases with CMV infection, who was posi-
tive for CMV on biopsy specimens, benefited from antiviral
therapy (14). Wada et al. reported that clinical course was
distinctly improved by the administration of GCV in cight
of 12 UC patients (66.7%) positive for CMV Ag (15). They
used CMV Ag to assess CMV infection, which is similar to
our study, but CMV infection was also detected histologi-
cally in some of their cases. These data suggest that antiviral
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therapy may be beneficial for UC patients with histologically
proven CMV infection. On the other hand, it has not been re-
ported whether early intervention at the reactivation stage is
necessary to prevent the progression to active CMV disease
in UC patients under immunosuppression. We demonstrated
that CMV reactivation could be resolved without antiviral
agents and that most of the CMV reactivation positive pa-
tients responded to conventional immunosuppressive thera-
pies. Given that GCV has many serious adverse effects, such
as bone marrow suppression, renal toxicity, or irreversible
damage of spermatogenesis, our data suggest that it would
not be necessary to treat all of the UC patients who become
positive for CMV Ag or PCR. Before starting this study, we
experienced two steroid-refractory UC patients treated with
GCV. Their symptoms unquestionably improved with GCV,
even though they did not enter remission. Immunohistochem-
ical staining for CMV was positive in onc patient and negative

- in the other patient. The two paticnts showed high values of

CMV Ag (34 and 13). Tt should be noted that our patients in
the present study had low CMV Ag and PCR values. High
values of CMV Ag may be an indicator for antiviral treatment
regardless of histology. This is consistent with a report that
patients with symptomatic CMV diseases after liver trans-
plantation show higher CMV Ag values compared to asymp-
tomatic patients (25). Further studies are needed to answer
this issue.

We speculate that immunosuppression by PSL or CsA af-
fected CMV reactivation. As our hospital is a referral center,
we were not able to start following CMV reactivation before
PSL administration in all of the patients. However, all of the
eight patients who had not been administered PSL at 0 wk
were negative for CMV reactivation at that time. In contrast,
PSL administration had already been started in all of the 16
paticnts who were positive for CMV reactivation at 0 wk.
In addition, CMYV reactivation decreased as the dose of PSL
was decreased. CMV was also reactivated after CsA admin-
istration in five patients. On the other hand, as approximately
half of the patients receiving PSL did not experience CMV
reactivation, it is possible that other factors also contributed
to CMV reactivation. It is reported that proinflammatory cy-
tokines such as tumor necrosis factor ¢ can reactivate CMV
(26). Proinflammatory cytokinc profiling might affect CMV
reactivation in addition to PSL. In contrast to PSL, it ap-
peared that 6-MP did not affect CMV reactivation during the
study period. However, it remains to be determined whether
long-term use of 6-MP could affect CMV reactivation.

CsA was administered in the CMV reactivation positive
patients more frequently compared with the CMV reacti-
vation negative group. Because CsA therapy is applied to
steroid-refractory patients (19), this result could indicate that
CMYV might contribute to steroid resistance. However, this
would be unlikely, because (a) in the 13 patients treated with
CsA in the CMV reactivation positive group, five paticnts
(38.4%) turned out to be CMV reactivation positive after CsA
administration, and (b) the rate of CsA therapy was not statis-
tically different between the CMV reactivation positive and
the CMV-IgG negative groups. Steroid refractory patients
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tend to be administered more steroids (9), and indeed, the
13 patients requiring CsA therapy in the CMV reactivation
positive group were administered more PSL (median 800
mg [range 196-1,710 mg]) within the previous 4 wk before
the study than those in the CMV reactivation negative group
(Table 1; median 475 mg [range 0-1,180 mg], P < 0.05).
Thus, the patients requiring CsA might be susceptible to
CMV reactivation, which biased.them toward thé¢ CMV re-
activation positive group in the CMV IgG positive patients.

In conclusion, we have shown that while CMV is frequently
reactivated in active UC patients, it disappears without an-
tiviral agents. Furthermore, most of the CMV reactivation
positive patients entered remission with conventional im-
munosuppressive therapy, such as PSL and CsA. These re-
sults suggest that clinical significance of CMV reactivation
is limited in UC paticnts, and antiviral therapy should not be
necessary for most CMV reactivation positive UC patients
cven during immunosuppression, as long as CMV Ag valucs
are low. However, further studies are needed to clarify the ne-
cessity of antiviral therapy for UC patients with high values
of CMV Ag or histologically proven CMV infection.
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Abstract It is widely accepted that laryngopharyngeal
reflux requires more aggressive and prolonged therapy than
gastro-esophageal reflux disease. Otolaryngologists often
observe that laryngopharyngeal symptoms, such as throat
clearing, hoarseness, cough, and globus pharyngeus, are
slower to resolve than esophageal symptoms, such as
heartburn and regurgitation. The aim of this was to provide
empirical evidence to support this observation and to carry
out a detailed investigation of the differences between
these symptoms. Forty-five patients with laryngopharyn-
geal and esophageal symptoms received acid-suppression
therapy that involved the continuous administration of a
proton-pump inhibitor for up to 6 months. We investigated
the differences in response to acid-suppression therapy
between patients suffering from laryngopharyngeal and
esophageal symptoms, respectively, who received upper
gastrointestinal endoscopy and were assayed for serum
Helicobacter pylori antibodies. The significance of the rate
of symptom improvement was estimated by Kaplan—Meier
analysis and the logrank test. Laryngopharyngeal symp-
toms improved significantly more slowly than esophageal
symptoms following acid-suppression therapy (49.8 vs.
78.3%, 60 days after the start of acid suppression;
P = 0.003). These differences were observed both in
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patients. with erosive esophagitis (P = 0.008) and in
H. pylori-seronegative patients (P = 0.001).

Keywords Acid-suppression therapy - Gastresophageal
reflux disease - Laryngopharyngeal reflux - Symptom relief

Introduction

Laryngopharyngeal reflux (LPR) is caused by the retro-
grade flow of gastric contents to the larynx and
hypopharynx, where they come into contact with the tis-
sues of the upper aerodigestive tract. Up to 10% of patients
under the care of an otolaryngologist [{] and more than
50% of patients suffering from hoarseness have been
diagnosed with reflux-related disease [2]. Laryngopharyn-
geal reflux has also been suggested as a major cause of
laryngeal inflammation and presents with a variety of
symptoms that differ from classic gastro-esophageal reflux
disease (GERD) [3]. An international survey of American
Bronchoesophagological Association members revealed
that the most common LPR symptoms were throat clearing
(98%), persistent cough (97%), globus pharyngeus (95%)
and hoarseness (95%) [4]. The failure to appreciate LPR as
a separate disorder from GERD has caused major diag-
nostic uncertainty in the past. Koufman was the first to
clearly distinguish LPR from GERD, noting that among a
combined series of 899 patients, only 20% of LPR patients
complained of heartburn compared with 83% of GERD
patients [1].

Mainstream LPR management is based on acid-sup-
pression therapy using proton-pump inhibitors (PPIs) [5].
Unlike GERD patients, the response of LPR patients to PPI
therapy has been described as unpredictable [6], and it is
sometimes necessary for treatment to be more aggressive

@ Springer

— 272 —



