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such a situation, traditional staining is often not sufficiently
sensitive. PCR for P. jirovecii is a much more sensitive tech-
nique than traditional staining (5) and its usefulness in the
diagnosis of PCP. especially with low organism burden, was
reported by many investigators (4, 6, 7). On the other hand
several studies found incontrovertible incidence of coloniza-
tion of P jirovecii among immunosuppressed patients, sug-
gesting that a positive PCR result alone may lead to overdi-
agnosis (8, 9). Meanwhile the measurement of B-D-glucan, a
quantitative marker for mycotic diseases, has been reported
as a useful and reliable marker in the diagnosis of PCP (18-
21). Thus, we considered that, for the diagnosis of RA-PCP,
detection of P. jirovecii by traditional staining is desirable
but cases of positive PCR resulis with negative smears are
also eligible when the plasma B-D-glucan level is signifi-
cantly elevated.

Radiologic features of MTX-P

The radiologic features of MTX-P have been reported by
many authors (10-12). They have been noted only as diffuse
infiltrates on radiography and GGO on CT, with no further
details described. Through the analysis of CT images of our
cases, we found conspicuous features of MTX-P, that is,
type A GGO as the predominant pattern on CT, which has
never been reported.

RA-PCP compared to AIDS-PCP

Several important differences were found between the two
groups clinically and radiologically. RA-PCP developed
more rapidly than AIDS-PCP. Respiratory impairment was
more severe in RA-PCP, and resulted in two deaths, while
there was no fatality in the AIDS-PCP group. The level of
plasma B-D-glucan, a quantitative marker for P jirovecii,
was significantly lower compared to AIDS-PCP, suggesting
a lower organism burden in RA-PCP cases, All these differ-
ences have been well documented in many studies as the
differences of PCP in patients with and without AIDS (13-
17). Limper et al conducted a clinicopathological and com-
parative study of PCP of both conditions, including quantita-
tive assay of P jirovecii and inflammatory cells in BAL
fluid, demonstrating fewer parasite numbers and more in-
tense lung inflammation and also severe clinical symptoms
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in non-HIV PCP (15).

It is noteworthy that in our RA-PCP patients, the immu-
nological status was not impaired as severely as in AIDS-
PCP patients. These facts, i.e., relatively preserved immunity
in RA-PCP patients, have been pointed out in several re-
ports (22, 23). Why PCP can occur in patients who are not
severely immunosuppressed is a problem to be solved, espe-
cially in relation to some particular immunomodifying ac-
tions of anti-rheumatic drugs.

The radiologic features of AIDS-PCP have been exten-
sively reported (24-26), but not as thoroughly for non-
AIDS-PCP or for the difference between the two, PCP with
and without AIDS. Through detailed radiologic analysis, we
found differences between these two disorders, which have
apparently never been documented previously., In most
AIDS-PCP cases, CT presented type B GGO. We consider
this finding, which coincides with features previously re-
ported (26-28), to be charactenistic of this disease. However,
in 6 of the 14 RA-PCP cases, CT showed type A GGO,
while 5 presented type B GGO. RA-PCP showed complex
radiological findings, intermediate between AIDS-PCP and
MTX-P. Since the radiologic features might reflect the
pathophysiology of each disease, we conducted a compara-
tive analysis of the CT patterns and the clinical features of
each disease, but failed to demonstrate any correlation,
either with the clinical features or with patient outcome.

In all 14 cases of RA-PCP, corticosteroid was adminis-
tered concomitantly with TMP-SMX. Two died, the mortal-
ity rate being 14%. High mortality has been reported in PCP
of CTD (33% Sekowitz, 32% Godeau el al) (13, 22), to be
much higher than AIDS-PCP. It is suggested that the good
outcome of the present cases was the result of the use of
corticosteroids added 1o TMP-SMX.

In AIDS-PCP, the National Institutes of Health - Univer-
sity of California Expert Panel recommends use of steroids
as early as possible (27). In those cases, the inflammatory
response evoked by P. jirovecii is assumed to contribute to
the lung damage, indicating the need for corticosteroid treat-
ment. However for RA-PCP or PCP of CTD in general, the
validity of corticosteroid use has not been discussed in
depth. Pareja et al retrospectively analyzed the clinical
course of 30 cases of severe PCP without AIDS, among
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whom 16 cases were treated with adjunctive corticosteroids
(28). They reported good clinical outcome in patients who
received high doses of adjunctive corticosteroids. In RA-
PCP, the host inflammatory response is assumed to be more
mtense, in spite of lower organism burden, contributing to
severe lung injury. It is therefore reasonable that corticoste-
roids may play a beneficial role in treatment of RA-PCP,
when used concomitantly with antipneumocystic drugs. This
issue should be examined in a prospective study.

Discrimination between RA-PCP and MTX-P

Comparison of clinical features of RA-PCP and MTX-P
revealed their close resemblance, in terms of major symp-
toms, rapid progression, and severe oxygenation i

ment
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CT features have limited usefulness. When CT shows
GGO of type A pattern or Type B pattern, MTX-P as well
as RA-PCP are equally likely. because these patterns are
seen in both diseases, Distinction is impossible by CT imag-
ing alone. Thus the discrimination of RA-PCP from MTX-P
should be based on detection of P. jirovecii. combined with
serology.

In RA patients under MTX treatment with acute onset
lung injury, we should treat them as MTX-P with cort-
costeroids, if P. jirovecii is not detected. If traditional stain-
ing or PCR reveals F. jirovecii, along with elevated plasma
B-D-glucan level, we should treat it as RA-PCP. with anti-
pneumocystic drugs. Use of adjunctive steroids is a matter
to be ex d in furure.

Levels of serum albumin, LDH, CRP, and KL-6 were also
similar. Immunological status at presentation was also pre-
served relatively well in both groups. Thus, in the clinical
setting of an acute respiratory event in a patient under MTX
treatment for RA, discrimination between RA-PCP and
MTX-P is challenging.

Acknowledgement

The authors are indebted to Professor J. Patric Barron of the
International Medical Communication Center of Tokyo Medical
University for his review of this manuscript.

References

1. Wollner A, Mohle-Boewni ], Lamben RE, et al. Preumocysiis
carnii pneumonia complicating low dose methotrexale treatment
for rheumatoid arthritis. Thorax 46: 205-207, 1991,

2. Kancko Y, Suwa A, lkeda Y, Hirakata M. Preumocystis jirovecii
pneumonia associated with low-dose methotrexate treatment for
rheumatoid anthritis: repornt of two cases and review of the litera-
ture. Mod Rheumatol 16: 36-38, 2006.

3, Krebs 5, Gibbson RB. Low dose methotrexate as a risk factor for
Preumocystis carinii pneumonis. Military Medicine 161: 58-60,
199¢6.

4. Saito K, Nakayvamada S, Nakano K, et al. Detection of Pnew
cysils carinii by DNA umplification in pati with ve

maonitis: the role of methotrexate. Sarcoidosis Vase Diffuse Lung
Dis 18: 243.252, 2001.

13, Sekowitz KA. Opyg istic infecti in g with and with-
out acquired i deficiecy synd . Clin Infect Dise 34:
1098-1107, 2002.

14. Kovacs JA, Hiemenz JW, Macher AM, et al. Pneumocystis carinii
pneumonia: a comparison between patients with the acquired im-

defici ynd and with other immunodefi-
ciencies. Ann Imarn Med 100: 663 671, 1984,

15. Limper AH, Offord KP, Smith TF, Martin WJ. Preumocystis

mmm poeumonia. Differences in lung parasite number and in-

tissue d : re-evaluation of clinical f of P carinii pneu-
monia in rh di Rh logy 43: 479-485, 2004,
Oka S, Kitada K, Kohjin T, et al. Direct monitoring as well as
sensitive diagnosis of Preumocystis caninii pneumonia by the po-
lymerase chain jon on sp ples. Mol Cell Probes 7:
419-424, 1993,

Oz HS, Hughes WT. Search for Preumocystis carinii DNA in up-
per and lower respi y tract of | Diugn Microbiol Infect
Dis 37: 161-164, 2000

Roux P. Lavrard 1, Poirot JL. et al. Usefulness of PCR for detec-
tion of Pneumocystis carinii DNA. J Clin Microbiol 32: 2324-
2326, 1994,

B. Sing A, Treb K, Roggenkamp A, et al. Eval of diag-
nostic value and epidemiological implications of PCR for Pneu-
mocystis carinii in different i pp d and i
petent patient groups. J Clin Microbiol 38: 1461-1467, 2000.

9. Maskell NA, Waine D), Lindley A, et al. Asymplomatic carriage
of Pnewmocystis firoveci in subjects undergoing bronchoscopy: a
prospective study. Thorax 58: 594-597, 2003,

10. Kremer JM, Alarcén GS, Weinblatt ME, et al. Clinical, laboratory,
radiographic, and histopathologic  fi of  methe
associated lung injury in patients with rheumatoid arthritis: o mul-
ticenter study with literature review. Arthritis Rheumn 40: 1829-
1837, 1997,

1L Cannon GW. Methotrexate pulmonary toxicity. Rheum Dis Clin
North Am 23: 917937, 1997,

12. Zisman DA, McCune WI, Tino G. Lynch IP. Drug-induced pneu-

om-

in pari with and without AIDS. Am Rev Respir

Dis 140: 1204- ]109 1989,
16. Thomas C‘F Jr, Limper AH. P vatis | in: clinical
! and diagi in patients with and without scquired
deficiency d Semin Respir Infect 13: 289-295,

1998,

17. Thomas CF, Limper AH. Pneumocystis pneumonia. N Engl ] Med
350: 2487-2498, 2004,

18, Obayashi T, Yoshida M, Moni T, et ul. Plusma (1-3)-beta-D-glucan
measurement in diagnosis of invasive deep mycosis and fungal
febrile episodes. Lancet 345: 17-20, 1995.

19. Yasuoka A, Tachikawa N, Shimada K, et al. (1-3) beta-D-glucan
as a quantitative serological marker for Pneumocystis carinif pneu-
monia. Clin Diagn Lab Immunol 3: 197-199, 1996,

20, Okamoto K, Yamamoto T, Nonaka D. et al. Plasma (1-3)-betu-D-
glucan measurement and polymerase chain reaction on sputum as
practical pammeters in Preumocystis carinii pneumonia. Intern
Med 37: 618-21, 1998,

21. Tasuka S, Hasegawa N, Kobayashi S, et al. Serum indicators for
the diagnosis of Preumocystis pneumonia. Chest 131: 1173-1180,
2007,

22, Godeau B, Coutant-Perronne V. Huong DLT, et al. Preumocystis
carinii pneumonia in the course of connective lissue disease! re-
port of 34 cases. ] Rheumatol 21: 246-251, 1994,

23, likum N, Kitahama M, Ohta S, et al. Evaluation of Pneumocystis
pneumonia infection risk factors in patients with connective tissue
disease. Mod Rheumatol 16: 282-288, 2006,

24. Bergin CJ, Winh RL, Berry G, Castellino RA. Preumocystis

922




Inter Med 47: 915-923, 2008 DOL 10.2169/intemalmedicine.47.0702

carinii pneumonia: CT and HRCT observations. | Comput Assist therupy for Preumocystis pncumonia in the acquired immunodefi-

Tomogr 14: 756-759, 1990 ciency syndrome. The National Institutes of Health-University of
25. Kuhiman JE. Pneumocystic infections: the madiologist’'s perspec- California Expent Panel for Corticosteroids as Adjunctive Therapy

tive. Radiology 198: 623-635, 1996 for pnewmocystis pneumonia. N Engl J Med 323: 1300-1504,
26. Fujii T. Nakamur T. Iwamoto A. Preumocystis pneumonia in pa- 1990

tients with HIV infection: clinical manifestations, laboratory find- 28, Pareja JG, Garland R, Koziel H. Use of adjunctive conicosteroids

ings. and radiological features. J Inf Chemother 13: 1-7, 2007 in severe adult non-HIV Preumocystis carinii pneumonia. Chest
27. Consensus staternent on the use of corticosteroids as adjunctive 113: 1215-1224, 1998

L) 2008 The Japanese Society of Internal Medicine

http/fwww.naikaor jp/imindex. html




&

INSTITUT PASTEUR

Microbes and Infection 10 (2008) 689698
www.elsevier.com/locate/micint

Original article
HLA-A*2402-restricted HIV-1-specific cytotoxic T lymphocytes
and escape mutation after ART with structured treatment interruptions

Junko Tanuma **, Mamoru Fujiwara °, Katsuji Teruya *, Saori Matsuoka ?,
Hikaru Yamanaka ®, Hiroyuki Gatanaga *, Natsuo Tachikawa *, Yoshimi Kikuchi *,
Masafumi Takiguchi ®, Shinichi Oka*

* AIDS Clinical Center, International Medical Center of Japan, |-21-1 Tovama, Shinjuku, Tokyo 162-8655, Japan
" Division of Viral Immunology, Center for AIDS research, Kumamoto University, 1-1-1 Honjo, Kumamoto 860-8556, Japan

Received 7 January 2008; accepted 17 March 2008
Available online 29 March 2008

Abstract

Although a limited duration of immune activation of structured treatment interruptions (ST1s) has been reported, the immune escape mech-
anism during ST1s remains obscure. We therefore investigated the role of three immunodominant cytotoxic T lymphocyte (epitopes) in 12 HLA-
A*2402-positive patients participating longitudinally during the clinical study of early antiretroviral treatment (ART) with five series of
structured treatment interruptions (STIs). The frequency of HLA-A*2402-restricted CTLs varied widely and a sustained CTL response was
rarely noted. However, a Y-to-F substitution at the second position in an immunodominant CTL epitope Nef138-10 (Nef138-2F), which was
previously demonstrated as escape mutation, was frequently detected in seven patients primarily and emerged in the remaining five patients

thereafter, and the existence of escape mutations was correlated with high pVL levels early in the clinical course. These findings suggest

dominant CTL epitoy

that escape mutation in the immu
@ 2008 Elsevier Masson SAS. All rights reserved.

Kevwords: Structured i ptions; Cy

T lymph

may be one of the mechanisms to limit HIV-1-specific immune control in STls.

yie; HLA-A*2402; Escape variant

1. Introduction

Structured treatment interruption (STI) is considered one of
the immune stimulatory interventions for HIV-1 infection,
based on the hypothesis that viral rebound during treatment
interruption might induce HIV-specific immune responses
[1=3]. Since the 1999 case report of the carly-treated patient
who achieved sustained viral suppression without highly anti-
retroviral therapy (HAART) after two occasional treatment
interruptions [1], the STI strategy has been studied in various
clinical settings [4=7]. Because cytotoxic T lymphocytes
(CTLs) play a critical role in the control of HIV-1 replication
and HIV-specific CD4+ T-cell response is important to main-
tain effective HIV-1-specific CTLs [8-11], early treatment that

* Comresponding author. Tel: +81 3 3202 7181x5642; fax: +81 3 3202
7198,
E-mail address: januma@imcj hosp.go.jp (). Tanuma)
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can preserve HIV-1-specific-CD4+ T cells is considered to
have the greater impact on STI in early infection than in
chronic infection [11—13]. However, the majority of previous
STI trials revealed the limitation of immune activation with
risk of viral resistance [4,14,15] and the mechanisms of viral
control failure in STI strategy have remained unclear.

Viral mutation in immunodominant epitopes is one of the
obstacles to HIV-1 vaccine development [16—21]. Since
HIV-1-specific T-cell responses are restricted by HLA alleles,
its escape variant can be transmitted and adopted in popula-
tions sharing some dominant HLA alleles [19-21]. In Japan
where HLA-A*2402 is the most frequent HLA class 1 allele
with 70% prevalence, HLA-A*2402-restricted CTLs and its
immunodominant epitopes have been extensively assessed
[22]. Nef138-10, which has been proved previously as an
HLA-A*2402-restricted CTL epitope provoking strong
cylolytic activity [22], is one of the immunodominant CTL
epitopes in HLA-A*2402-positive Japanese patients [21.22].
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Our previous study showed that a Y-to-F substitution at the
second position in Nef138-10 epitope (Nel138-2F) impairs
the ability of the Nefl38-10-specific CTLs to suppress HIV-
1 replication, indicating that Nef138-2F is an escape mutation
from CTLs [23]. Since Nef138-2F is observed in both HLA-
A*2402-positive and -negative patiemts, Nef138-2F variant
may be stable and adopted at a population level [21].

In the present study of early antiretroviral treatment with
five series of STIs for HLA-A *2402 positive Japanese pa-
tients, we investigated the longitudinal magnitudes of HIV-1-
specific HLA-A*2402-restricted CTLs by using HLA-epitope
tetramer binding assay and sequenced the most immunodomi-
nant epitopes Nef138-10 to evaluate whether escape mutation
might negatively influence viral control in an STI study.

2. Methods
2.1. Study design and patient population

This trial was designed as a prospective study at the AIDS
Clinical Center, International Medical Center of Japan. Be-
tween November 2000 and December 2001, patients with
early HIV infection, with or without acute retroviral symp-
toms, were recruited. Early HIV infection was confirmed
within 6 months before recruitment by a documented history
of seroconversion in enzyme-linked immunosorbent assay
(ELISA) or longitudinal increase of bands in Western blot
test. Patients with active opportunistic infections or psycholog-
ical disorders, or those treated with immunomodulatory agents
were excluded. Antiretroviral therapy was initiasted after
obtaining a signed informed consent. The first-choice regimen
for this study consisted of stavudine, lamivudine and indinavir
boosted with ritonavir, but the patient was allowed to use other
antiretroviral drugs when the first regimen could not be toler-
ated. To avoid emergence of drug resistance to indinavir, rito-
navir-boosting was stopped more than 1 week before treatment
interruption. The duration of treatment interruption was fixed
for 3 weeks. The first treatment was interrupted after more
than 3 months of HAART, when CD4+ cell count was
>500/mm” and plasma viral load (pVL) had been <50 cop-
ies/ml for at least | month. Other interruptions were also car-
ried out when pVL became <50 copies/ml and CD4+ cell
count was >300/mm’. Five series of STls were scheduled dur-
ing the treatment.

The study protocol was approved by the institutional ethical
review boards (IMCJ-H13-10),

2.2. Monitoring and sample collection

Patients were monitored monthly during HAART and at
approximately a 4-month interval after treatment discontinua-
tion. Unscheduled visits were permitted according to clinical
needs. At each visil, clinical assessment and routine laboratory
tests were performed. Blood specimens were collected in eth-
ylenediaminetetraacetic acid (EDTA)-containing tubes, sepa-
rated into peripheral blood mononuclear cells (PBMCs) and
plasma, and stored at —80 °C for assessment of HIV-1-specific
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CTLs and sequence of the dominant epitope region. pVL was
quantified by using the Amplicor HIV-1 Monitor test 1.5
(Roche Diagnostics, Indianapolis, IN) with a detection limit
of 50 copies/ml. Antiretroviral drug resistance-associated
mutations were examined at baseline and after HAART
including STIs in all 26 participants. Each mutation was iden-
tified according to the revised August 2006 International AIDS
Society Resistance-USA Panel [24].

2.3. HLA typing and epitope-HLA-A*2402 tetramer
binding assays

High-resolution HLA class | typing was performed by
a PCR-sequence-specific primer method. 1If HLA-A*2404
was positive, HIV-1 specific CTLs were investigated by using
peptide-HLA-A*2402 tetrameric complex synthesized as
described previously [21,2225]. Purified complexes were
enzymatically biotinylated at a BirA recognition seguence
located at the C-terminus of the heavy chain, and then mixed
with phycoerythrin (PE)-conjugated avidin (extravidin-PE;
Sigma—Aldrich, St. Louis, MO) at a molar ratio of 4:1. Cryo-
preserved PBMCs (0.5—1 x 10° cells) were stained hy the tet-
ramer at 37 °C for 30 min. After double washing with washing
buffer (10% fetal calf serum in RPMI 1640), the cells were
stained by fluorescein isothiocyanate (FITC)-conjugated anti-
human CD8 mAb (BD Biosciences, San Jose, CA) at 4°C
for 30 min. The cells were then washed twice and analyzed us-
ing a FACS Calibur with Cell Quest software (Becton Dickin-
son, San Jose, CA). Based on our previous study [22], three
immunodominant epitopes of HLA-A*2402 restricted CTLs:
Nefl38-10, Gag28-9 and Env584-9, were chosen for this
assay. Since we found a high frequency of Y-to-F substitution
al the second position in Nefl38-10 gene (Nef138-2F) which
has been suspected as an escape variant in previous studies
[21], Nef138-2F-specific CTLs (Nefl38-2F-CTLs) werc also
measured by tetramers using Nefl38-2F variant alone and
by competitive double staining using two types of tetramers
of both wild type and Nefl138-2F variant to compare the
frequencies of the two types of HIV-1-specific CTLs.

2.4. Sequence analyses of Nefl38-10 gene

For evaluation of escape variants from CTLs, we sequenced
the region coding Nef138-10, which is the immunodominant
HLA-A*2402-restricted epitope, while Nefl38-2F has been
suspected as escape mutation in this epitope, using the method
described here. Total RNA was extracted from plasma with
a High Pure viral RNA kit (Boehringer Mannheim, Mannheim,
Germany), followed by RT—PCR with a One Step RNA PCR
kit (TaKaRa Shuzo, Otsu, Japan) to amplify the HIV-1 Nef
DNA segment (2341 bp) as described previously [21]. The
PCR products were purified with SUPREC-02 (TaKaRa
Shuzo) and subjected to direct sequencing with an ABI
PRISM 3730 automated DNA sequencer (Applied Biosystems,
Foster City, CA). Amino acid sequences were deduced with
the Genetyx-Win program version 5.1 (Software Develop-
ment, Tokyo).
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2.5. Sratistical analysis

Data from patients who completed the treatment protocol
including five series of STIs were analyzed. Before analysis,
pVL data were log-transformed and undetectable pVL (<50
copies/ml) was considered equivalent to 50 copies/ml. The
Mann—Whitney {/-test was used to compare the pVLs deter-
mined every 3 months after treatment cessation to the pVLs
of 279 untreated chronic HIV-1 patients in order to assess
the durability of viral suppression. The correlation between
pVL and percentage of CTLs was assessed by simple regres-
sion  analysis, Statistical analyses were performed using
SPSSII software package for Windows, version 11.01.

3, Results
3.1, Characteristics of participants

During the enrollment period, 432 new patients were re-
ferred to our clinic. Of these, 32 met the criteria of early
HIV-1 infection and 6 were excluded due to psychological
problems or taking systemic steroid therapy for symptoms as-
sociated with acute retroviral syndrome. All 26 recruits were
Japanese infected with HIV-1 by sexual intercourse, and 24
were men (92%). The mean age of patients was 35.0 years
(range, 21—56 years). The mean pVL at baseline was 5.21
log, copies/ml (range, 3.28~6.91 log,, copies/ml) and the
mean CD4+4 cell count at baseline was 413/mm’ (range,
49—1156/mm’). Twenty-five patients presented with wide-
range clinical symptoms of acute retroviral syndrome. Fifteen
out of 26 participants completed the treatment protocol includ-
ing five series of ST1. HAART had to be continued in four pa-
tients because CD4+ cell counts had never stabilized above
300/mm” despite more than 6 months of treatment. The other

seven patients discontinued the treatment protocol after less
than five STIs due 1w adverse events, adherence problems, or
no specific problems.

In the protocol-completed 15 patients, 14 were men (92%).
The mean age was 34.0 years (range, 2156 years). At base-
line, the median pVL was 5.14 log;; copiesfml (range,
3.28-6.91 Ia1g.l. copies/ml) and the median CD4+ cell count
was 475/mm” (range, 245—990/mm”). The demographic, im-
munological, and virological factors before initiation of
HAART of the protocol-completed group were not statistically
different from those of the uncompleted group (Mann—Whitney
U/-test) (data not shown), although baseline CD4+ cell counts
of four ART-continued patients: 49, 185, 210, and 351/mm’
respectively seemed lower than those who completed the
treatment protocol. Twelve (80%) patients were positive for
HLA-A*2402 and its incidence was similar to those reported
previously in Japanese population [21,22]. No specific HLA
genotypes that are known to influence the clinical course of
HIV infection such as HLA-B*27, HLA-B*57 and HLA-
B*35 (except B*3501) [26] were detected in participants.
The median length of follow-up after treatment cessation
was 961 days (range, 462—1255 days).

No resistance-associated mutations were identified among
all the 26 participants at study enrollment except one who
had MI84V, D30N and L90M mutations despite good viro-
logic responses throughout HAART. There was no increase
in resistance-associated mutations during and after five STls
in all participants (data not shown),

3.2. Plasma viral load and CD4+ cell count in protocol-
completed 15 patients

Fig. 1 shows serial changes in median pVLs and CD4+ cell
counts in protocol-completed 15 patients. Peaks of viral
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Fig. 1. Serial changes in plasma viral loads and CD4+ cell counts of 15 protocol-completed patients. Plasma viral loads (pV1Ls) and CDd4 cell counts are ex-
pressed as median of |5 protocol-completed patients; at baseline, at the times of treatment interruption, at the peaks of pVL rebound during |
interruption and at every 12 weeks after treatment cessation. Open circles: CD4+ cell counts; solid circles: pVLs; triangle: the median pVL of 279 untreated
chronic HIV-| patients who were referred (o our clinic during the study and whose CD4 count was >200/mm’. Vertical lines provide the ranges with dotted lines
in CD4-+ cell counts and with light lines in pVLs, Shaded area: time on iral therapy; unshaded area: ime off therapy. Numbers of patients whose data
were evaluated at each time point appear at the bottom of the graph. *pVLs of every 12 weeks after treatment cessation were compared to the pVLs of 279 un-
treated chronic HIV-1 patients by Mann—Whitney U'-test.
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rebounds during treatment interruptions decreased gradually.
The pVLs of every 12 weeks after treatment cessation were
under 4 log,, copies/ml in most of the patients and they were
significantly lower for 60 weeks than the pVLs of 279 untreated
chronic HIV-1 patients in our clinic. However, pVLs gradually
increased and there was no difference at week 61—72 from
pVLs of chronically infected patients, The proportion of patients
with a favorable viral control whose median pVL at every
12 weeks after treatment cessation were less than 4.0 logio
copies/ml was 66% in the first 12 weeks but the proportion
decreased to 33% in the 61—72 weeks. Along with the increase
in pVL, CD4+ cell counts declined after treatment cessation and
one patient (KI-134) required restart of HAART because CD4+
cell count decreased below 200/mm* at week 52. None of the
patients developed episode of opportunistic infections or HIV-
related diseases throughout this study.

3.3. Plasma viral loads and frequency
of HLA-A*2402-restricted CTLs

We investigated induction of 3 HLA-A*2402-restricted
immunodominant epitope-specific CTLs in 12 patients with
HLA-A*2402 by using the comresponding tetramers, Fig. 2
shows the serial changes in HLA-A*2402-restricted HIV-1-spe-
cific CTLs. Overall, the frequency of HLA-A*2402-restricted
CTLs varied widely among the patients and a sustained CTL
response was rarely noted. We investigated the correlation
between pVLs at every 12 weeks after treatment cessation and
frequency of HLA-A*2402-restricted CTLs according to the
epitope. None of Nef138-10-, Gag28-9- or Env584-9-specific
CTLs was statistically correlated to pVLs (Fig. 3A).

3.4. Effect of Nefl38-10 escape mutation on suppression
of HIV replicarion

A Y-to-F substitution at the second position of Nef138-10
(Nef138-2F) has been suspected as an escape mutation from
HLA-A*2402-restricted Nef138-10-specific CTLs in a previ-
ous study [21]. In fact, we recently demonstrated that
Nef138-10-specific CTLs fail to suppress replication of
Nefl38-2F mutant [23]. We therefore performed serial se-
quence analyses of Nefl38-10 epitope and investigated
whether this 2F mutation is responsible for the limited dura-
tion of viral suppression. As shown in Table 1, we found
high frequency of this mutation. Seven out of 12 patients
had Nef138-2F variant in viral RNA or proviral DNA in the
carliest samples (KI-091, KI-126, KI-134, KI-144, KI-150,
KI-154 and KI-163), The Nef138-2F variant was not detected
in the earliest samples of the other five patients (KI-092, KI-
099, KI1-102, KI-158 and KI-161) and these patients were con-
sidered to have Nef138-10 wild-type infection except a T-to-C
substitution at the fifth position (Nef138-5C) in KI-099 which
has also been suspected as one of the escape variants from
Nef138-10-specific CTLs in a previous study [21], and an L-
to-1 substitution at the forth position (Nef138-41) in KI-161.
However, Nef138-2F mutation was detected at the latter stage
in all the other five patients.
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We speculated that Nef138-10-specific CTLs can control
replication of HIV-1 in patients who had been infected with
Nef138-WT virus. Therefore we compared pVLs according
to the existence of escape mutants Nef]38-2F or 138-5C at
the carliest sample drawn during early phase of infection
before treatment initiation. As shown in Fig. 3B, the pVLs
between 13 and 36 weeks were significantly lower in the other
four patients who were confirmed as Nef138-WT or Nef138-41
infection than in the remaining cight patients who had Nef138-
2F or Nef138-5C variant in the earliest samples, which has
been suspected as an escape variant from Nef138-10-specific
CTLs in a previous study. These indicate that Nefl38-10-
specific CTLs control replication of wild-type virus but the
presence of cither Nef138-2F or Nef138-5C negatively infiu-
ences viral control.

3.5. Nefl38-2F variamt specific CTLs

We found Nefl38-WT-tetramer and Nefl38-2F-tetramer
bound to both Nefl38-WT-specific CTL clones and Nefl38-
2F-specific CTL clones. In addition, Nef138-WT-tetramer
had stronger affinity 1o Nef138-WT-specific CTL clones than
Nef138-2F-specific CTL clones (Fig. 4A) and vice versa
(our unpublished work). Therefore, the double-staining assay
using both tetramers simultaneously was performed to differ-
entiate the two types of CTLs.

The frequencies of the two types of CTLs are shown in
Table 1. In patients negative for Nefl38-2F or Nefl38-5C
initially, Nef138-WT-CTLs were detected early after the treat-
ment cessation (KI-092, KI-102, KI-158 and KI-161) but
declined after evolution of Nefl38-2F (K1-092, KI-102, and
KI-161). Although only a slight elevation of Nefl38-2F-
CTLs was noted after emergence of Nefl38-2F (KI-092 and
KI-161), the magnitude was smaller than that of Nefl38-
WT-specific CTLs before emergence of Nefl38-2F.

In patients having Nef138-2F variant initially and suspected
as Nef138-2F variant infection, the frequencies of Nef138-2F-
CTLs were relatively smaller than those of Nef 1 38-WT-specific
CTLs in Nef138-10 wild-type infection, except KI-144 who had
marked increase of Nef138-2F-CTLs in week 37,

Fig. 4B and C illustrate the clinical courses of two repre-
sentative cases; KI-161 was non-Nef138-2F variant infection
and KI-144 was suspected as Nefl38-2F variant infection. In
KI-161 (Fig. 4B), Nef138-WT-CTL response diminished after
the emergence of Nef138-2F mutation. Interestingly, the pVL
of this patient seemed to increase along with the fall in
Nef138-WT-CTLs (Fig. 2). In KI-144 (Fig. 4C), Nef138-2F-
CTLs were induced but there was no suppression of pVLs.
These results indicate that either infection or emergence of
Nef138-2F variant might limit the CTL induction.

4. Discussion

In this study, we could not demonstrate the lowered set-
point pVLs in patients who received HAART with five series
of STIs in early HIV-1 infection. Previous studies revealed
that a vigorous HIV-1-specific CD4 response is associated



1. Tanuma et al. | Microbes and Infection 10 (2008) 689—698 693

Nef138-10
——

Gag2e-9
—.—

Env584-9
7'

50 100 150 200

. r . 10°
M‘h 110
ﬁ'

{10?
i " A 10

] 50 100 150
; v —1®
i 410
e |
e . 10

-50 0 50 100

Tetramer positive cells ( x 104/mm*)

6‘
(juyyseidoo) speo) [eJin ewse|d

Weeks after treatment cessation

Fig. 2. Frequencies of HLA-A*2402 restricted HIV-1-specific CTLs determined by tetramer binding assay. HLA-A*2402 restricted HIV-1-specific CTLs in
PBMCs were determined by using tetrameric complexes of HLA-A*2404 and each of the three types of epitopes. Solid circle: Nefl 38-10-specific CTL: solid
squares: Gag28-9-specific CTL; solid wiangles: Env384-9.specific CTL; open circles: plasma viral load. Shaded area: time on iral therapy. unshaded

area: time off therapy.

with a slower disease progression [8—11]: however, despite
some reports of boosted immunological responses in acutely
treated patients, the evidence of clinical benefits of early treat-
ment has not been established [12,13). In line with these trials
of early initiation of HAART with or without STI, the CTL

responses in our study were mostly transient and did not cor-
relate with pVL levels,

We adopted HLA-epitope tetramer analysis for evaluating
CTL responses, which provides specific information on HLA
class | allele and HLA-restricted epitopes, because CTL
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Table 1

Nefl38-10 sequence and Nefl38-specific CTLs in HLA-A*2402 positive patients

Patient 1D Time Sample Nefl138-10 sequence Tetramer positive cell (% in CD8+ cells)
(weeks]* (RYPLTFGWCF) Wild type IF
KI-091 -55 Proviral DNA -F- — NA NA
21 RNA -F 0 (.46
89 RNA F—o 1] 0.83
K1-092 39 RNA 148 0.05
&6 RNA F 0.41 0.13
K099 ~44 Proviral DNA e —— NA NA
4 RNA FC— 0.04 0.06
44 RNA F 0.02 LV
KI-102 58 RNA - 21 045
137 RNA -F 0.45 0.10
KI-126 —68 Proviral DNA -F. NA NA
19 RNA -F 0,01 (L0
101 NA NA o 011
KI-134 9 Proviral DNA -F- NA NA
49 RNA -F 0 0.22
Kl-144 -46 Proviral DNA B —— NA NA
Ly RNA -F 0.02 2.4%
71 RNA -F NA NA
KI-150 —43 RNA -F NA NA
21 RNA <F 0 0,03
63 NA NA i} 0.02
Ki-154 =70 Proviral DNA -F .06 0.13
77 RNA -F 0.m 0.35
KI-158 14 Proviral DNA _— 291 041
Kl-161 -26 Proviral DNA e NA NA
RNA e
24 Proviral DNA N 394 0.05
RNA “Fl
86 Proviral DNA e 0.29 0,79
RNA “F-l
52 RNA B 0.71 0.66
Ki-163 -8l Proviral DNA  EE— NA NA
RNA -F
26 RNA H R — 0.09 0.57
73 NA NA 0.02 0.59
" Time: Time in weeks after essation, Negative time 5. before o NA, not available.

responses are different between HLA class I alleles and influ-
enced by viral mutations in epitope regions as described else-
where [16—22]. HLA-A*2402 is the most frequent HLA class
I allele with 70% prevalence in the Japanese population
[21.22]. Therefore, the majority of the study participants could
be assessed by vsing HLA-A*2402-¢pitope tetramer and thus
it is most beneficial to evaluate HLA-A*2402 restricted CTL
responses for Japanese patients. Moreover, HLA-A*2402-
restricted epitopes have been studied extensively [22] and
we were able to focus on three immunodominant epitopes.
This approach allowed us to find a high frequency of the
escape variant Nefl38-2F efficiently.

Viral mutation is one of the important mechanisms of
immune escape of HIV-1 [16—23,27—-29], which occurs at
amino acids responsible for HLA binding, T-cell receptor recog-
nition, or in flanking regions that affect antigen presentation. In
our study Nef138-2F, which is a mutation in the immunodomi-
nant CTL epitope Nefl38-10, had emerged in 5 of 12 HLA-
A*2402-positive patients. Although the magnitude of Nef138-
10-specific CTLs was not significantly correlated with pVLs

as previous trials [15], Nef138-2F variant infection was corre-
lated with high pVL levels in early clinical course and seemed
to contribute to lower CTL response. Furthermore, we previ-
ously demonstrated the strong and weak ability of Nef138-10-
specific CTL clones to suppress replication of the wild-type
and 2F mutant viruses respectively [23]. In addition, although
Nef138-2F-specific CTL clones suppressed the replication of
both wild-type and Nef'138-2F variant, their ability to suppress
the replication of Nef138-2F virus was much weaker than that
of Nefl38-10-specific CTLs or Nefl38-2F-specific CTLs
against the wild-type virus replication. Furthermore, the present
study demonstrated that 2F mutant appeared at the late phase in
patients who had wild-type virus at the early phase. Together
with these findings, frequent detection of Nefl38-2F in this
study strongly supports the idea that Nefl38-2F is one of the
escape mutations from HLA-A*2402-restricted CTLs and that
Nef'138-2F virus was selected by CTL pressure,

Nef138-2F mutation could occur not only by positive selec-
tion by CTLs but also by Nefl38-2F-vaniant transmission
[19—=21]. Furutsuki et al. [21] reported frequent detection of
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Nef138-10-specific CTL (Nef138-WT-CTL) by tetramer-staining with Nef138-WT-tetramer and Nef138-2F-tetramer, The left two charts depict the results of sin-
gle-tetramer-staining. showing the two tetramers stained for Nef138-WT-CTL equally (2.2% by Nefl 38-WT-tetramer versus 2.1% by Nefl 38-2F-tetramer). The
right chart depicts the result of double-tetramer-staining with Nef1 38-WT-tetramer and Nefl38-2F-tetramer. showing Nef138-WT-CTL was stained by Nefl38-
WT-tetramer and was differentiated from Nefl38-2F-CTL. (B) Serial changes in Nef138-10 sequence and Nefl38-specific-CTLs of K1-16] infected by non-
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in Nef138-10 sequence and Nef138-specific-CTLs of KI-144 infected by Nefl 38-2F variant. Note the induction of Nef138-2F-CTL. Nefl 38-WT-CTLs were never
detected throughout the study.

Nef138-2F variant in HLA-A*2402 negative Japanese patients
who were infected by sexual intercourse and reversion from
Nefl38-2F to wild type occurred very slowly over years.
These might allow horizontal spread of Nefl38-2F variant.
Even if the transmission of this variant in Japanese patients
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is very frequent, our study included the five paticnts who
did not have this variant initially and were considered as
wild-type infection, and we provided longitudinal evidence
of positive selection of Nef138-2F variant under the pressure
of Nef138-WT-CTLs in those.
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In conclusion, our study demonstrated that early antiretro-
viral treatment with five series of STI did not induce a sus-
tained immune response. A high frequency of escape
mutation in the immunodominant HLA-A*2402-restricted
CTLs was found, which could be one of the causes of limited
immune responses by STIs.
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Background. Liver transplantation (LT) is known to
improve bleeding esophageal varices (EVs) and portal
hypertension. However, many issues related to EVs
after LT remain unresolved, such as whether LT reduces
blood supply to EVs, improves the diameter of unrup-
tured EVs, or improves or worsens EVs The aim of
this retrospective study was to determine the effects of
living-donor liver transplantation (LDLT) in patients
with hepatic failure on EVs and inflow vessels to EVs
and the factors associated with deterioration of EVs
after LDLT. Methods. The study subjects were 35
patients with cirrhosis who underwent LDLT. Endo-
scopy and multidetector helical computed tomography
(MDCT) were performed before and after LDLT. The
diameter of the inflow vessel of EVs was measured
by MDCT before and after LDLT, together with the
LDLT-related reduction rate of the diameter of the
gastric vein (RRGV). Results. Endoscopic examination
showed improvement of EVs in 30 of 35 (86% ) patients.
RRGV improved in 17/35 (49%) patients, did not
change in 13/35 (37%), and deteriorated in 5/35 (14%).
The cause of RRGV deterioration seemed to be either
the complication of portal vein or graft failure. In
patients examined endoscopically at >1 year after
LDLT, improvement of EVs was associated with sig-
nificant changes in the rate of reduction of the major
inflow vessel diameter and Child-Pugh score, compared
with those who showed no improvement. Conclusions.
LDLT results in improvement of EVs. EVs improved
in 86% of the patients. Measurement of RRGV with
MDCT is a good tool for prediction of EV improvement
after LDLT.

Key words: living-donor liver transplantation, esopha-
geal varices, inflow vessel of EVs, portal hypertension
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Introduction

The prognosis of patients with cirrhosis has improved
markedly in recent years through advances in clinical
management, such as long-term supplementation of
branched-chain amino acids and a low protein and
salt diet."* However, bleeding from esophageal varices
(EVs) is still amajor cause of death in patients with liver
cirrhosis and portal hypertension, especially in those
with end-stage hepatic failure.’ Almost all patients who
do not receive treatment after variceal bleeding develop
recurrence of hemorrhage within 1 year after the initial
bleeding episode.

Among the various therapeutic modalities available
today, pharmacological therapy has an established
role in the prevention and management of acute vari-
ceal hemorrhage, based on its safety, availability, easy
administration, and low cost. Furthermore, endoscopic
variceal ligation appears to be as effective as sclero-
therapy in the control of acute variceal hemorrhage,
and it has the advantage of avoiding some of the
complications of sclerotherapy.’ Sclerotherapy is widely
used as the first-line treatment for acute bleeding
because it provides control of hemorrhage in more than
90% of cases, with a rate of rebleeding 0f 15.5%-34.4%.°
Shunt surgery, including a transjugular intrahepatic
portosystemic shunt, is effective in reducing the risk of
rebleeding, but carries the risk of precipitating or exac-
erbating encephalopathy.’

Liver transplantation (LT) should be considered for
all patients with end-stage hepatic failure, as it not only
deals with acute variceal hemorrhage but also restores
normal portal circulation. Although variceal hemor-
rhage alone is not an indication for LT, the latter must
be considered in those patients with poor liver function
who present with acute variceal bleeding.® The best sur-
vival rates are reported in patients with EVs who receive
LT (79% at 1 year and 71% at 5 years), with the greatest
survival advantage in patients with Child-Pugh class C°
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It is important to ensure the improvement of EVs fol-
lowing the successful performance of LT, since variceal
bleeding is a significant mortality risk factor.

It has already reported that bleeding EVs and portal
hypertension improve following LT."** However, many
issues related to EV after LT remain unresolved. For
example, there is little or information on whether LT
results in (1) reduction of blood supply to EVs, (2)
improvement in the diameter of unruptured EV's, or (3)
improvement or worsening of EVs.

The aim of the present retrospective study was to
assess the benefits of living-donor liver transplantation
(LDLT) on EVs by both endoscopy and multidetector
helical computed tomography (MDCT), Endoscopic
examination of EVs showed improvement of EVs in
most patients after LDLT. MDCT showed that the
main inflow vessels to EVs were the left gastric vein
(LGV), posterior gastric vein (PGV), and short gastric
vein (SGV). Measurement of the reduction rate of the
diameter of gastric veins (RRGV) after LDLT varied
among patients, ranging from 0% to >20%.

Methods

Patients

Ninety-five consecutive patients underwent adult-
to-adult LDLT from January 1991 to April 2007 at
Hiroshima University Hospital. Thirty-five of the
patients were enrolled in this study, based on the fulfill-
ment of the following criteria: (1) they underwent adult-

to-adult LDLT because of end-stage hepatic failure, (2)
they underwent assessment of EV's by endoscopy before

Table 1. Characteristics of patients before LDLT

and after LDLT, and (3) they underwent MDCT before
and after LDLT and the diameters of the LGV and
PGV were measured. Among the remaining 60 patients,
20 did not have end-stage hepatic failure, 17 did not
have EVs before LDLT, and 23 patients did not undergo
endoscopic examination after LDLT because of refusal
or death. None of the enrolled patients was on any
medications, such as B-blockers, and all abstained from
alcohol drinking 6 months before LDLT.

Table 1 lists the characteristics of enrolled patients,
including age, sex, background liver disease, portal vein
(PV) pressure measured during surgery, lissue graft
weight, graft volume, model for end-stage liver disease
(MELD) score, Child-Pugh score, timing of endoscopy,
and timing of MDCT examination. With regard to the
graft used for LDLT, the right lobe was used for 32
recipients and the left lobe for three. In three patients,
splenectomy was also performed at the time of LDLT.
Before LDLT, written informed consent was obtained
from each patient.

Endoscopic examination for assessment of EVs

Endoscopic examination was performed by four ex-
perienced operators before and after LDLT using a
model GIF XQ240 endoscope (Olympus Optical,
Tokyo, Japan). The varices-related endoscopic findings
were evaluated according to the general rules proposed
by the Japanese Research Society for Portal Hyperten-
sion.” In brief, the form of the varices (F factor) was
classified as small straight (F1), enlarged tortuous (F2),
or large coil-shaped (F3). The red color (RC) sign of
the mucosal area covering the varices (red-colored
blood visualized underneath a very thin vascular wall)

Age (years)*

Sex (male/female)

Original diagnosis (HCV/HBV/Alcoholic/ ATH/PBC)
With hepatocellular carcinoma

Portal vein pressure (mmHg)*

MELD score*

Child-Pugh score*

Graft (right/left)

Graft weight (g)*

Graft volume (ml)*

Timing of endoscopic examination (post-LDLT, month)*
Timing of MDCT examination (post-LDLT, month)*
Form of esophageal varices (FUFYF3)

Red color sign of esophageal varices (RCO/RCI/RCYRC3)
Inflow vessels (LGV/PGV)

Diameter of inflow vessels (LGV/PGV/SGV)* (mm)

568 (350-1142)
727 (381-1221)
10 (1-56)
5 (1-28)
151773
2478211

2718
5.87/4.713.20

LDLT, living donor liver transplantation; HCV, hepatitis C virus; HBV, hepatitis B virus; AIH,
autoimmune hepatitis; PBC.prhm:ybrllmydrrhods;MELD score, model for end-stage liver

disease score; MDCT, helical o
posterior gastric vein; SGV, short gastric vein; RC. red color sign
* Values are median (range)
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was classified according to the criteria of the Japanese
Research Society for Portal Hypertension™ as negative
(RCO0), localized (RC1), between localized and entire
circumference (RC2), and entire circumference (RC3).
Endoscopy-based improvement in EVs represented
improvement in the F or RC factor as determined 10
(range, 1-56) months after LDLT.

MDCT examination for assessment of inflow vessels

An MDCT examination was performed before and
after LDLT by two experienced radiologists. At each
examination, the trunk diameters of LGV, PGV, and
SGV, the main suppliers of portal blood to EVs, were
measured (Fig. 1). The gastric vein with the largest
diameter was considered the inflow vessel. We used
the rate of reduction of the diameter of the gastric vein
(RRGV) to assess the effect of LDLT on inflow vessels
RRGV (%) was calculated using the formula: [(diame-
ter of GV before LDLT - diameter of GV after LDLT)
/ diameter of GV before LDLT] x 100. MDCT-based
improvement after LDLT was considered when RRGV
measured at 5 (range, 1-28) months after LDLT was
>20%. On the other hand, values less than 20% were
considered to represent no change in the diameter of
the inflow vessels, while RRGV values less than 0%
reflected deterioration of the inflow vessels.

Databases of all images obtained in this study (online
atlases) were used as reference libraries for our intelh-
gent workstation.

Fig. 1A-D. Endoscopic view of
esophageal varices (EVs) demon-
strating improvement after living-
donor liver transplantation (LDLT)
(case 2). The form of EVs before
LDLT was F3 (A) and improved to
F1 at 12 month after LDLT (B). Nar-
rowing of the left gastric vein was
seen on multiplanar reconstruction
images of multidetector computed
tomography (MDCT) after LDLT.
The diameter of the left gastric vein
(LGV; arrow) in this patient was
154 mm before LDLT (C), and
decreased to 59 mm at 7 months
after LDLT (arrow) (D), with a rate
of reduction of the LGV of 61.6%

Daia analysis

Differences between patients with improvement or no
change in the F score, RC sign, and RRGV were exam-
ined for statistical significance by the Mann-Whitney
U test and y-squared test where appropriate. A P value
less than 0.05 was considered statistically significant.
Univariate analysis was used to determine those factors
associated with failure of improvement of EVs after
LDLT. All P values less than 0.05 by two-tailed tests
were considered significant. The tested factors included
age, sex, background disease, PV pressure, MELD
score, Child-Pugh score, right or left of graft, graft
weight, graft volume, time of endoscopic examination
after LDLT, alanine aminotransferase after LDLT, PV
thrombosis, alcohol intake after LDLT, and the rate of
reduction of major inflow vessel diameters. All statisti-
cal analyses were performed using the SPSS program
(version 7.5, SPSS, Chicago, IL, USA).

Results

Improvement of EVs after LDLT

Changes in EVs were assessed by endoscopy.
Among the four major factors that describe the status
of EVs [ie., location (L), form (F), and red color (RC)
sign], we focused on F and RC since these two factors
correlate with the status of EVs (ruptured or intact
EVs).
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Table 2. Esophageal varices grade (examined by endoscopy) and inflow vessel diameter (determined by CT examination) in 35

985

Endoscopy MDCT

EVs Time Major LGV PGV SGV Time

3 from inflow frems
No Judge Before After LT Judge vessel RRGV Before After Before After Before After LT
1 1 F2ZRCO  FORCO - 1 LGV 71.9 107 30 ND ND 52 3.0 5
2 I F3RC1 FIRCO 12 1 LGV 616 154 59 ND ND 44 3.6 7
3 I F2ZRC0 FIRCO0 23 I LGV 487 82 42 ND ND 34 32 5
4 I F2RC0O FORCO 16 1 LGV 454 82 45 ND ND ND ND 4
5 I F2RC1 FIRC0 56 I LGV 45 4.0 22 ND ND a3 27 28
6 I FIRCO FORCO 24 1 LGV 420 10.0 58 ND ND 32 30 7
7 I F2RC3 FIRCO 5 | LGV 404 6.7 39 ND ND 31 29 1
B 1 FIRCO FORCO 5 I PGV 40.0 ND ND 50 3.0 44 3.6 15
9 1 F2ZRC0 FRCO 12 1 LGV 379 58 3.6 ND ND ND ND 5
10 I FZRC1 FIRCO 1 1 LGV 35.0 6.6 43 ND ND 32 3.0 17
11 I F3RC0 FIRCO 30 1 PGV 319 ND ND 76 52 46 4.0 10
12 1 FIRC1 FORCO 6 I LGV 269 133 9.7 ND ND 52 47 7
13 | F2RC2 FORCO 10 I LGV 258 120 89 ND ND 72 32 5
14 1 F3RC1 FIRC1 2 I PGV 25.7 ND ND 44 32 34 32 15
15 1 FIRCO FORCO 14 I LGV 253 4.9 36 ND ND ND ND 9
16 1 F2RC1 F1RCO 1 1 LGV 242 145 1.0 ND ND 2 3.0 10
17 1 FIRCO FORCO 2 1 LGV 201 4.0 3.0 ND ND ND ND 10
18 1 FIRCO FORCO 11 NC PGV 19.3 ND ND 31 25 2.6 23 6
19 I F2RC2 FORCO 15 NC LGV 183 49 4.0 ND ND 32 28 4
20 I FIRCO FORCO 1 NC LGV 15.5 58 49 ND ND 52 4.7 5
21 1 FIRCO FORCO 11 NC PGV 15.3 ND ND 13.0 11.0 ND ND 2
2 I F2RCO FORCO 16 NC LGV 13.1 5.9 51 ND ND 31 29 2
23 1 FIRC0 FORCO 8 NC LGV 13 54 47 ND ND ND ND 5
24 1 FIRC0 FORCO 7 NC LGV 8.1 53 48 ND ND ND ND 2
25 1 F2ZRC0 F1RCO 43 NC LGV 8.1 42 38 ND ND 32 31 9
26 I F2RC0O FORCO 3 NC PGV 80 ND ND 94 8.6 53 4.0 2
27 I FIRCO FORCO 11 NC LGV i 6.7 6.2 ND ND 52 2 6
28 I FZRCO FORCO 29 NC LGV e 927 9.0 ND ND ND ND 4
29 I FIRCO FIRCO 21 NC LGV 5.6 53 50 ND ND ND ND 7
30 NI F2RC1 RRCO 27 NC LGV 42 6.6 6.3 ND ND 44 3.6 10
31 1 FIRCO FORCO 37 D LGV =23 38 39 ND ND ND ND 2
32 NI F2RC1 F2RC1 32 D PGV -1.5 ND ND 32 34 ND ND 8
33 NI  FIRCO FIRCO 37 D PGV  -143 ND ND 32 3.7 29 30 15
34 NI F2RC0 F2RCO 3 D LGV -144 58 6.6 ND ND 31 31 12
35 NI FIRCO FIRCO 15 D LGV 205 34 41 ND ND ND ND 5

CT, puted graphy; EVs, esophageal varices; I, improved; NI, not imy d; NC, no ge; D, deterioration; ND, not detected; LT,

liver transplantation

Before LDLT, F3 varices were observed in three
patients, F2 varices in 17, and F1 varices in 15 (Table
2). After LDLT, EVs improved from F3 to Fl in three
patients, from F2 to F1 in six, from F2 to FO in eight,
and from F1 to FO in 13. Thus, the F factor improved in
30 of 35 (86%) patients after LDLT. Figure 1 shows a
representative case, illustrating improvement of EVs,
F3 varices improved to F1 varices, without any other
treatment apart from LDLT. On the other hand, the
remaining five (14% ) patients did not show any improve-
ment in the F factor after LDLT (Fig. 2).

With regard to the RC sign before LDLT, RC3
was observed in one patient. RCZ in two patients,

RCl in eight, and RCO in 24 patients. After LDLT.
the RC sign improved from RC3 to RCO in one
patient, from RC2 to RCO in two, and from RC1 to RCO
in six. The RC factor was RC1 and RCO before LDLT
in two and 24 patients, respectively, and remained
unchanged postoperatively. Thus, the RC factor
improved or remained at RC0in 33 of 35 (94% ) patients
and did not change in two of 35 (6%) patients
(Fig. 3).

Gastric varices were identified in six of 35 patients. In
all six patients, the F factor improved from F1 to FO,
while the RC sign before LDLT was RCO and did not
change after LDLT (data not shown).
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Reduced blood flow to EVs after LDLT based on
MDCT assessment

For objective assessment of post-LDLT improvement
of EVs, we investigated the effects of LDLT on blood
flow to EVs by measuring the diameter of EV inflow
vessels. The major inflow vessel of EVs was determined

F factor
improved 30/35(86%)
E3=
(n=3)

F2 (n=3)
(n=17)

F14 (n=11)
(n=15)

FO- (n=21)

after LDLT

Before LDLT

Fig. 2. Improvement of F factor of EVs The EV's were exam-
ined endoscopically before and after LDLT. The form of EV
was categorized into FO, F1, F2, or F3. Solid line, improved
patients; broken line, no change in patients

RC factor

RC3 - improved and/or RCO  33/35(94%)
(n=1)

RC2 1
(n=2)

RCs] . (n=2)
(n=8)
(R‘i‘j; (n=33)

n=<

Before LDLT after LDLT

Fig. 3. Improvement of red color (RC) sign of EVs. EVs were
examined endoscopically before and after LDLT. The RC
sign was categorized into RC0, RC1, RC2, or RC3

by MDCT imaging. The major inflow vessel was LGV
in 27 patients, PGV in eight patients, and SGV in no
patients. Before LDLT, the median diameter of LGV
was 5.87 mm, that of PGV was 471 mm, and that of
SGV was 3.2 mm. After LDLT, the median diameter
of LGV was 4.69 mm, that of PGV was 3.54 mm, and
that of SGV was 2.70mm. In order to analyze the
change of the inflow vessel after LDLT, we calculated
the rate of reduction of the inflow vessel diameter of the
gastric vein (i.e., RRGV) by measuring the diameters
of major inflow vessels before and after LDLT. As
shown in Table 2, RRGV was <0% in five patients,
0%-10% in seven, 10%-20% in six, 20%-30% in six,
30%—40% in three, 40%-50% in six, and >50% in two
patients. These results indicate that LDLT resulted in
attenuation of blood flow to EVs in 17 of 35 (49%)
patients, no change in 13 of 35 (37%) patients, and
worsening in 5 of 35 (14%) patients.

Relationship between endoscopic EVs and
MDCT findings

Since the amount of blood inflow to EVs affects the
shape and properties of EVs, we evaluated the relation-
ship between improvement of endoscopic findings and
the narrowing of the inflow vessel by MDCT. Seventeen
patients showed improvement in both EVs and inflow
vessel diameter. On the other hand, 12 patients showed
improvement of EVs on endoscopic variables (F and
RC) but no improvement in inflow vessel diameter. One
patient showed endoscopic improvement of EVs and
deterioration of the inflow vessel. Another patient
showed no changes in either EVs or the inflow vessel
diameter. Finally, four of 35 (11.4%) patients showed
no change of EVs and deterioration of the inflow vessel
(Table 3).

Clinical features of patients without improvement in
EVs after LDLT

We attempted to identify the mechanisms of portal
hypertension in the five patients who showed no
improvement in EVs after LDLT. The first patient (case
33) showed recurrence of HCV infection. Two months
after LDLT, this patient was treated with peginterferon
a-2b plus ribavirin for 9 months. However, the treat-
ment was discontinued due to anemia and general

Table 3. Relationship between improvement of esophageal varices by endoscopy and

improvement of inflow vessel diameter by

Improvement of both EVs and inflow vessel diameter

Improvement of EVs but no change in inflow vessel diameter
Improvement of EVs and deterioration of inflow vessel diameter

No changes in EVs and inflow vessels

No change in EVs and deterioration of inflow vessel diameter

49% (17135)
34% (12735)
3% (1/35)
3% (1/35)
11% (4/35)
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fatigue. After discontinuation of interferon treatment,
the hepatitis worsened, and eventually the patient
acquired liver cirrhosis. The second patient (case 35)
suffered from autoimmune hepatitis and developed
stricture of the portal vein 1 year after LDLT. The third
patient (case 30) had alcoholic liver cirrhosis and
developed PV thrombosis 6 months after LDLT. The
PV thrombesis did not improve despite anticoagulant
therapy (Fig. 4). The fourth (case 32) had hepatocellular
carcinoma (HCC) with HCV. He had recurrence of
HCC in the transplanted liver 1 year after LDLT. HCC
occupied a large area of the liver, which caused hepatic
failure. The fifth patient (case 34) had alcoholic liver
cirrhosis, and she continued to drink alcohol after
LDLT. In these cases, portal hypertension recurred and
EVs did not improve after LDLT.

Underlying factors for failure of improvement in EVs

after LDLT

In the next step, we used univariate analysis to identify
those factors associated with failure of improvement in
EVs after LDLT. Since this study was conducted retro-
spectively, it was difficult to make the interval of endo-
scopic examination equal among the cases Therefore,
we classified the cases into two groups according to the
interval (£1 year and >1 year) and evaluated the rela-
tionship between LDLT and EV recurrence. Univariate
analysis identified 14 parameters associated with failure
of improvement in EVs after LDLT.

In the <l year group, age, sex, background disease,
PV pressure, MELD score, Child-Pugh score, right or
left graft, graft weight, graft volume, time of endoscopic
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Fig. 4A-D. Endoscopic view of the
EVs demonstrating no change after
LDLT (case 30). The form of EVs
before LDLT was F2 (A), and
remained as F2 at 27 months after
LDLT (B). Narrowing of the LGV
on MDCT was not seen after LDLT.
The diameter of the LGV in this
patient was 6.6 mm before LDLT (C;
arrow, LGV), and decreased 1o
63mm at 10 months after LDLT
(D), with a rate of reduction of the
LGV of 42% (left arrow, portal vein
thrombosis; right arrow, LGV)

examination after LDLT, alanine aminotransferase
after LDLT, PV thrombosis, alcohol intake after LDLT,
and the rate of reduction of major inflow vessel diame-
ter were not significantly different between patients
with and without improvement of EVs after LDLT
(Table 4). On the other hand, in the >1 year group,
there were significant differences in the rate of reduc-
tion of major inflow vessel diameter and Child-Pugh
score between patients with and without improvement
of EVs after LDLT (Table 4).

Discussion

Liver transplantation is a definitive and final treatment
for patients with end-stage hepatic failure. Thanks to
great progress in operative techniques and the develop-
ment of new immunosuppressants and antiviral agents,
the prognosis of patients with end-stage hepatic failure
after liver transplantation has improved, with an
estimated survival rate of 65%-90% at 3 years and
65%-70% at 5 years in liver transplant recipients.”*"’
However, patients with decompensated cirrhosis often
develop various complications, such as ascites, hepatic
encephalopathy, and esophageal varices.

The present study showed that LDLT per se improved
EVs, as demonstrated endoscopically by improvement
in the F factor in 30 of 35 (86%) patients and the RC
factor in 33 of 35 (94%) patients (Figs. 2 and 3). The
beneficial effects of LDLT on EVs were also demon-
strated by improvement in the diameters of inflow
vessels of EVs and the rate of reduction of the vein
diameter. Matsutani et al."” reported that hepatofugal
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