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HCMV is a f-herpesvirus and has a 235 kbp genome.""”
HCMVis a hostspecies-specific pathogen that causes lifelong
persistent infections. Under conditions of reduced immune
responses, HCMV can cause acute systemic infections with
rephcatmn in vxrtua.lly any organ. Fibroblasts, epithelial cells,
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sistence of latent HEMV

the reactivation of latent virus and the differentiation state

of cells in the myeloid lineage appears to be important in
HCMYV biology. The ex vivo differentiation of CD34-positive
or CDI4-positive cells to the. specific lineage of myeloid den-
- cells (DCs) results ir
expression. "' ‘
Several reports have suggested that macrophages and, sub-
sequently, DCs, are fully permissive for infection, but mono-

gymb are not. In adc:htmn, itwasreported that proinflamma-
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1 Isciatmn Culture

This isa direct culture syste”m with humm fenﬂ mg ﬁbw~

pmcedure is that the (,Vtopatluc effe{,t typmcﬂly evolvea veiy‘ :

slowly; it can take up:to 21 days to visualize the cytopathic
effect of HCMV infection in culture cells, Addxtmmlly, this
technique lacks sensitivity.™ :
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serum samples obtained at least 2-4 weeks apart are need-
ed*™ Generally, in the case of HOMV reactivation, the titer
for HCNWﬂspei:iﬁ{:‘IgG‘d(} :
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PCR assay but may not a{:‘{uaﬂy reflect active infection in the

organs; rather, it may indicate “innocent bystander reactiva-

i Onmﬁ

INVOLVEMENT OF

OLVE : TVATION IN THE
PATHOPHYSIOLO! :

HCOMV infection is

portant exacerbating
factor in UC patient with an association be-
tween UC and HCM seribed by Powell et
al. in 1961.” Since the ses reports and many

studies have suggeste of HCMV infection
with the flave-up of UC trospective studies have re-
ported the presence of ﬁC IV in surgical specimens of UC
patients who underwent eolectcmy because of toxic megaco-
Ton or steroid resistance.” Additionally, it is well-known that
the steroid-refractory condition in UC is strongly associated
with HCMV infection. A case-control study showed that the
ratio of positive HCMV findings by immunohistochermistry
(IHC) in surgical specimens of steroid-refractory UC patients
and non-refractory UC was 25% and 2.5%, respectively.” In
our facility, 56.7% of UC patienits who were refractory to-im-
munosuppressive therapies were diagnosed with HCMV
infection by the mucosal PCR method.™ In contrast, Fukuchi
et al. repmted that 29.4% of active UC patients who did not
receive any immunosuppressive therapies such as ccmwste~
roids were positive for HCMV-DNA in their colonic mucosa.”

These findings are similar to those of Roblin and Deménech
reports. These data suggest that preceding mucosal inflam-
mation in UC is important for inducing HCMV reactivation
in intestinal tissue. Interestingly, Hommes et al. reported
that HCMV in intestinal tissue biopsies was approximately
20 times more likely in ue pdnents than in controls with
non- inﬁqmmatory disease.” From the clinical aspect, we

speculate that disease activity together with the use of immu-

nosuppressive drugs may predispose UC patients to colonic
reactivation of HCMV.

DIAGNOSIS OF HCMV INFECTION IN UC

Detection of HCMV antigen (pp65 antigenemia assay)
and HCMV-DNA (PCR) in the peripheral blood, which can
quantify viral load and can be generally applied for diagnosis
of HCMV infection, are not necessarily useful for diagnos-
ing HCMV colitis because gastrointestinal disease related to
HCMYV infection can occur even when HCMV is not detected
in the blood.” Gastroenterologists typically agree that endo-
scz)pzc examination is required for evaluating HCMV infec-
tion in patients with UC flare-ups. However, previous reports
suggested that there were no characteristic endoscopic find-
ings of UC flare-ups accompanied with HCMV infection,*™
In this regard, histological evaluation of biopsy specimens
is essential to examine HCMYV infection in colonic mucosa

~of active UC. Generally, the detection of HCMV in biopsy
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specimens by histologic examinations, such as the detection
of inclusion bodies and IFIC, is the golden standard for de-
termining the involvement of HCMV in gastrointestinal dis-
eases, However, it is important to remember that histological
markers of HCMV disease in colonic tissue are negative even
when the HCMV-DNA load is high at the tissue level. Yoshino
et al. reported the usefulness of the mucosal PCR method
for detecting HCMV infection in UC patients.” Roblin et al.
reported the importance of determining HCMV-DNA load
by PCR because this quantitative detection of HOMV-DNA in
intestinal tissue could predict resistance to steroid treatment
in UC patients™ In addition, the Buropean Crohn’s and Coli-
tis Organization guidelines recommend the use of tissue PCR
as an alternative to THC for investigation of CMV infection in
immunomodulation-refractory cases of IBD.” In this regard,
the application of the mucosal PCR method for evaluating
CMYV infection should be considered in HCMYV infection-
suspected cases negative for THC findings.

HOW DO WEITREAT ACTIVE UC WITH
CONCOMITANT HOMV INFECTIONY

Several reports have indicated the effect of antiviral treat-
ments in UC patients with CMV infection refractory to corti-
costeroid therapy. However, in the current clinical setting, we
consider that all UC patients in whom HCMYV is detected do
not require antiviral therapies. In fact, we have not yet estab-
lished an exact method toidentify patients whose disease im-
proves with antiviral therapy. Therefore, there is no standard-
ized therapeutic regimen for UC patients with concomitant
HCMV infection.

When we treat UC patients with concomitart HCMV infec-
tion, we consider the selection of anti-inflammatory thera-
pies that do not result in HCMV reactivation. Granulocyte
and monocyte adsorptive apheresis (GMAA) with the ada-
column (JIMRO, Gunma, Japan) is natural biological therapy
for UC that selectively removes granulocytes/macrophages
that produce inflammatory cytokines, without removing
lymphocytes: Several reports have demonstrated that GMAA
could be a suitable therapeutic option for patients with ac-
tive UC prior to starting corticosteroid treatment™ Yoshino
et al. reported that GMAA did not affect HCMV reactivation
in UC patients with a history of HCMV infection.” Fukuchi
et al. reported the effect of GMAA on steroid-naive active
UC patients with concomitant HCMYV infection, Their data
demonstrated that the clinical remission ratio-of GMAA in
UC patients positive for HOMV was 73.3%. Interestingly, this
study showed that HCMV-DNA in colonic mucosa became
negative in all UC patients positive for CMV who achieved
clinical remission after GMAA. Thus, these clinical data in-
dicate the important issue that local intestinal inflamimation
can trigger HCMV reactivation in a subpopulation of UC pa-
tients. Thus, GMAA may be a promising option for active UC
with concomitant HCMV infection (Fig. 1).
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Fig. 1. Effect of granulocyte and monocyte adsorptive apheresis (GMAA] on UC patient with concomitant human cytomegalavirus (HCWMV) in-
fection. Cases of steroid-resistant UC patisnts with concomitant HCMV infection who were sucegssfully treated with GMAA Forty-nine fermsle
patients with UC, whe were refractory to:60 mg of prednisolone (PSL), were transferred to our hospital. HCMY antigeneris, immunohistochem-

istry. (IHC) and HOMV-DNA in-the-colonic mucosa were.observed. After starting

ganeyelovir (5 mgfkgl; abdominal symptams such as Hemato-

chezia and abdominal pain did not subside. Wesnitiated interisive GMAA (twicefweek). After 10.applications of GMAA, the abdominal symptoms
disappeared and PSL could be completely tapered. Sigmoidoscopy 3 months.after initiation of GMAA showed the disappearance of the ulegrative

lesions and scar formation, 5-ASA, G-aminosalicylic acid.

Kim et al. reported data regarding the imiportance of con-
trolling intestinal inflanumation of UC to avoid HCMY infec-
tion,” They performed a prospective, multicenter study in
which 72 patients with moderate to-severe UC were treated
with-intravenous steroids: Among the enrolled patients; 17
U¢ patients with-concomitant HOMY infections improved
with steroid therapy alone and did not tequire antiviral thera-
pies. In contrast; 14 UC patients with concomitant HCMV
infection who did not respond to steroid therapy required
ganciclovir treatment. Kim et al’s data also suggested that in-
sufficient control of local inflammation could lead to HCMV
infection and complicate the condition of UC flare-ups.

Roblin et al: showed striking data that UC patients with
a HEMV-DNA load higher than 250 copies/mg in tissue
required early antiviral treatment.™ Their data showed the
importance of eve uating HOCMV-DNA load in the colonic
tissue of UC patients foridentifying UG patients positive for
HEMV-DNA in colonic tissue who should be treatedwith an-
tiviral treatment. Their data also suggested that a high level of

HCMV-DNA in the colonic mucosa could affect the efficacy

of immunoemodulatory treatments, and antiviral treatment
shiould be implemented to prevent farther HOCMV reactiva-
tion during the use:of immunosuppressive treatments for
patients who exhibit a high load of HCMV-DNA. However,

whether a HOMV-DNA copy number higher than 250 copies/

g
.methodb bil{,h as (JMAA and anti ’INI‘- ;

mg in tissue is optimal for starting antiviral ‘thexdpy it xefw.fw
tory cases should be elucidated in. ihc e future.

Considering that TNF-a plays an important role in HOMV
reactivation in beth monocytes and DCs, anti-TNF-¢ therapy
may be useful in UC patients with concomitant HCMV in-
fection. D' Ovidio et al. evaluated the presence and severity
of HOMV infection and disease in infliximab-treated IBD
patients™ and concluded that active HOMV infection did not
progress to disease following infliximab therapy, and that
the response toinfliximab therapy did notappearto be influ-
enced by HCMV infection/disease. Pillet et al, proposed an

algorithm for management of HOMV infection in IBD They
recommended the use of anti-INF-¢ therapy in UG pan nts
with concomitant HCMYV infection. More studies are neces-
sary {o-assess this issue in the fmme

- Whether or not UC patients cxhlbit CMV- DNA in mﬂamed
nucosamay dcpem onboththe pdtrmtb immune condition
and the followi  immunosuppres: ;.;thmap " dxﬁonaﬁy,
imw and when to start ant *m:l t eatmcnt fm: Kf‘ panentq

1111"9{:‘(101} mmg sm.,h
therapy.
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ESTABLISHMENT OF A CMV-INFECTED IBD
MOUSE MODEL: PURTHER UNDERSTANDING
OF MECHANISM AND INVOLVEMENT OF HCMV
INFECTION INUC

In clinical practice, numerous case series have been re-
ported on HCMV detection in patients with severe IBD unre-
sponsive to standard immunosuppressive therapy.

Moreover, it is well known that the prognosis of IBD pa-
tients complicated by HCMV infection is poor. Therefore,
sufficient understanding of the effects of HCMV on IBD is
important to manage these patients. HCMV reactivation
is thought to be mainly triggered by TNF-2. However, the
mechanism by which CMV aggravates IBD remains unclear.

TCR-a KO 12 weeks

Distal Proximal

MCMV (-

MCMV (+)

Fig. 2. Histologic findings in the proximal and distal colon in T cell
receptor {TCR}-a knockout (KO) mice with and without mouse cyto-
megalovirus (MCMV) infection at 12 weeks. In comparison with unin-
fected KO mice, histological examination revealed severe hyperplasia
of the epithelial cells, infiltration of inflammatory cells, and crypt loss
in infected TCR-a KO mice at 12 weeks (H&E, x200).
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Recently, we reported for the first time an experimental IBD
mouse model exacerbated by CMV infection.™ Generally,
mouse cytomegalovirus (MCMV) shares a high sequence ho-
mology with HCMV and serves as a useful tool to understand
HCMV pathogenesis. The T cell receptor (TCR)-a Knockout
(KO) mouse develops spontaneous bowel inflammation,
which is similar to UC. First, we established MCMV-latent in-
fected TCR-e¢ KO mice mimicking HCMYV latent infection in
UC patients. In this study, THC findings demonstrated an in-
crease in MCMV-infected cells as colitis developed in TCR-«
KO mice. It should be noted that MCMV infected cells were
detected predominantly in inflamed colonic mucosa. This
result was compatible with clinical data showing that HCMV
was not present in non-inflamed but present in inflamed
colonic mucosa among patients with severe UC. Addition-
ally, MCMV-infected TCR-a KO mice developed more severe
colitis than not-infected mice (Fig. 2). HCMV is reported to
induce migration of neutrophils and reprogram monocyte
differentiation toward M1 macrophages in vitro.™ In fact, we
found more migrating neutrophils and M1 macrophages
at the inflammatory site in the colon of this murine model.
Immunohistochemical study with this murine model dem-
onstrated that MCMYV latently infected perivascular stromal
cells, including pericytes. These data suggest that HCMV
infection in the colonic mucosa of UC patients could spread
from perivascular stromal cells to endothelial cells and epi-
thelial cells with the progression of colitis. We consider that
the application of this model will aid in investigating the more
detailed mechanism of aggravation in IBD with HCMV infec-
tion and treatment of these patients.

CONCLUSIONS
Many studies have been performed to elucidate the rela-

tionship between HCMYV infection and UC flare-ups. Current
clinical data and the experimental data obtained from our

Colonic Inflammation

. M\\ Monacyies

fparivascular cells

Reactivat;;n of CMV E

Fig. 3. Proposed mechanisms of human
cytomegalovirus (HCMV) reactivation in
UC. Tissue PCR is useful and accurate
maodality for diagnosis of CMV infection in
patients with UC.
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