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Figure 1 Relative individual IL-28B mRNA levels in peripheral blood mononuclear cells among viral infectious groups (a) and among
the TT and TG/GG genotypes (b). The median values were significantly different between * vs ** and *** vs **. Open circles; those with high

co-infection with HCV and ATL was associated with TT
genotype (OR = 6.25). On the other hand, down-regula-
tion of the mRNA density was defined as HTLV-1/HCV
co-infection (OR = 9.5 p = 0.004), but low expression
was not associated with ATL development (OR = 0.8, p
= 0.81).

Discussion

Although co-infection with HTLV-1 and HCV has been
shown to result in higher rates of cirrhosis and
increased death from liver diseases [1,2], the caustic
mechanism by which the co-infection affects HCV
pathogenesis remains to be elucidated. Some clue to the
mechanism may be found by studying the relation
between IL-28B genotypes and co-infection, because IL-

28B encoding IFN-As are categorized as type 3 IFNs and
are potent endogenous anti-viral cytokines. They signal
via JAK/STAT intracellular pathways and up-regulated
transcription of IFN-stimulated genes (ISGs) that are
required to control viral infection [13]. Here, we investi-
gated whether IL-28B polymorphism rs8099917 is asso-
ciated with co-infection status.

The present study is the first to reveal that the IL-28B
genotype is not associated with stratification based on
the combination of HTLV-1 and HCV infection; no
infection for both (double negative; DN), HTLV-1
mono-infection, HCV mono-infection and HTLV-1/
HCV co-infection. Similarly, the frequency of the major
TT homozygotes was not associated among ATL
patients and HTLV-1 carriers (Table 2). These two
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Table 2 Assessment by odds ratio analysis for an outcome if a risk factor is present

factor
(A) Outcome dependent independent Odds ratio 95%Cl P
1) HTLV-1 mono-infection TT vs TG/GG RN 0.62-1.99 0.72
2) Co-infection TT vs TG/GG 0.54 0.04-6.88 1.00
3) High mRNA Expression*® TT vs TG/GG 6.25 1.16-33.75 0.04
4) ATL TT vs TG/GG 150 0.60-3.75 039
®)
5) Low mRNA Expression HTLV-1 mono vs DN 034 0.06-2.04 024
6) Low mRNA Expression HCV mono vs DN 029 0.07-2.23 0.15
7)) Low mRNA Expression Co-Inf** vs HTLV-1-mono** 95 2.06-43.76 0.004
8) ATL low expression or not 08 0.14-4.74 081

(A) Upper 4 lines; assessing the risk of 1) HTLV-1 persistent infection, 2) super-imposed HTLV-1 infection with HCV (co-infection), 3) high IL-28B mRNA expression,
and 4) ATL development when the genotype is a risk factor (B) Lower 4 lines; assessing the risk factors described in the outcome, the [L-28B mRNA expression
level in peripheral blood (5, 6, and 7), and ATL development (8). Consequently, similarly to HCV, HTLV-1 is associated with up-regulation of IL-28B mRNA along
with the TT homozygote, and co-infection with HTLV-1 and HCV paradoxically down-regulates the mRNA level

* |L-28B Expression level, Co-inf = co-infection with HTLV-1 and HCV, mono = mono-infection

findings suggest that the SNP rs8099917 is not asso-
ciated with susceptibility to HTLV-1 infection or the
development of ATL. On the other hand, all of ATL
cell- or HTLV-1-infected T-cell- lines examined were
exclusively TT homozygous, implying that HTLV-1-
infected cells carrying TT homozygotes may immortalize
easily in vitro.

Next, we found a strange phenomenon that the IL-
28B mRNA expression levels in peripheral blood were
lower in samples with HTLV-1/HCV co-infection than
in samples with either HTLV-1 or HCV alone, especially
significantly for HTLV-1 mono-infection. In particular,
samples carrying TT homozygotes were strongly down-
regulated, more than the minor TG hetero- and GG-
homozygotes. Why are the mRNA expression levels dif-
ferent in mono- and dual-infection? Although it is not
known how rs8099917 affects the action of IL-28B, pre-
sumably it alters the immune function to viruses. In
addition to a common anti-viral IFN-stimulating signal
pathway, HTLV-1 may use an alternative anti-viral path-
way like HBV [14], because the HTLV-1 provirus is
integrated into host genomic DNA and replicates in dis-
tinctive life cycle kinetics. Moreover, ATL originates
from Treg cells, which play a central role in suppressing
immunity [15]. However, this cannot fully explain the
impairment in the HTLV-1 carrier’s immunity because
no ATL cells are present during the carrier period.
Thus, we noted IFN-A(IL-29, IL-28), which was recently
discovered as a type III IFNs with anti-virus ability, anti-
tumor and immune responses [16-18].

From our results, the IL-28B expression level was
higher in HTLV-1 mono-infected individuals including
ATL patients. IFN-LAis usually up-regulated through acti-
vation of the NF-kappaB pathway after viral infection.
Actually, the Sendai virus, an influenza A virus, and
others have been demonstrated to activate the NF-kappa

B pathway, resulting in up-regulated IL-28B expression
[19,20]. Accordingly, the highest up-regulation of IFN-
A3 in HTLV-1 mono-infection may be explained by vir-
tue of a viral protein of HTLV-1 having strong NF-kB
activating ability. Moreover, it is instructive that IFN-
LAhas a potent function to expand Treg cells [21], which
are mainly infected with HTLV-1, predisposing develop-
ment of ATL. However, there has not yet been evidence
that co-infection with HCV damages Tax action.

Of IL-28B producing cells in the literature, most cells
in the blood are described as having a weak or absent
expression under the steady state conditions. Li et al. [9]
reported that IL-28B mRNA is not always expressed in
virally infected cells. Actually, our findings in HTLV-1-
infected cases also showed that at least the main produ-
cing cells are likely to be cells other than ATL cells
because most cell lines from ATL and some blood sam-
ples containing ATL cells were expressed faintly. At pre-
sent, plasmacytoid dendritic cells are indicated to be the
most potent producers of IFN-As [19]. On the other
hand, IFN-A3 reportedly has the functions of proliferat-
ing Treg cells which are the origin of ATL cells, sug-
gesting that HTLV-1 is associated with up-regulation via
Treg cells infected with HTLV-1.

In conclusion, we found an unusual phenomenon in
that the expression of IL-28B mRNA was affected by
not only the IL-28B rs8099917 genotype, but also co-
infected HTLV-1 with HCV. This will contribute to a
better understanding the enigmatic impairment of
immunity in the HTLV-1 carrier state, including co-
infection with HTLV-1 and HCV.

Abbreviations
HTLV-1: Human T-cell leukemia virus type -1; HCV: Hepatitis C virus; SNP:
Single nucleotide polymorphism; IFN: Interferon; PBMC: Peripheral blood



240 AL 24 £E BESHENFHABENE DABRKITSEE

Kamihira et al. Virology Journal 2012, 9:40
http://www.virologyj.com/content/9/1/40

mononuclear cell; PCR: Polymerase chain reaction; MAF: Minor-allele
frequency.

Acknowledgements
This work was supported by the Japanese Government, Kakken-B No.
213901832

Author details

'Department of Laboratory Medicine, Nagasaki University Graduate School of
Biomedical Sciences, Nagasaki, 852-8501, Japan. *Central Diagnostic
Laboratory of Nagasaki University Hospital, Nagasaki, 852-8501, Japan.
*Department of Gastroenterology and Hepatology, Nagasaki University
Graduate School of Biomedical Sciences, Nagasaki, 852-8501, Japan. “Faculty
of Wellness Studies, Kwassui Women's University, Nagasaki, 850-8515, Japan.
*Division of Surgical Oncology, Department of Translational Medical Science,
Nagasaki University Graduate School of Biomedical Sciences, Nagasaki, 852-
8501, Japan.

Authors’ contributions

SK designed the study and wrote the manuscript, and SM, TU, KN, DS HH,
KY, NU, YM analyzed the genotype, TK collected samples, and TK, KN, Ml and
SK organized and assessed the data. All authors interpreted the data and
were financially supported. All authors read and approved the final
manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 5 July 2011 Accepted: 15 February 2012
Published: 15 February 2012

References

1. Kamihira S, Yamada Y, Sohda H, Atogami S, Tomonaga M, Egawa S, Fujii M,
Chifu K Human T-lymphotropic virus type-l influence on hepatotropic
virus infections and the subsequent development of hepatocellular
carcinoma. Cancer Detect Prev 1994, 18(5):329-334.

2. Takeoka H, Furusyo N, Toyoda K, Murata M, Sagara Y, Kashiwagi S,

Hayashi J: Antibody to the human T-lymphotropic virus type 1 (HTLV-1)
envelope protein Gp46 in patients co-infected with HCV and HTLV-1.
Am J Trop Med Hyg 2007, 77(1):192-196.

3. Boschi-Pinto C, Stuver S, Okayama A, Trichopoulos D, Orav EJ, Tsubouchi H,
Mueller N: A follow-up study of morbidity and mortality associated with
hepatitis C virus infection and its interaction with human T
lymphotropic virus type | in Miyazaki, Japan. J Infect Dis 2000,
181(1):35-41.

4. Kohno T, Yamada Y, Akamatsu N, Kamihira S, Imaizumi Y, Tomonaga M,
Matsuyama T: Possible origin of adult T-cell leukemia/lymphoma cells
from human T lymphotropic virus type-1-infected regulatory T cells.
Cancer Sci 2005, 6(8):527-33.

5. Kishihara Y, Furusyo N, Kashiwagi K, Mitsutake A, Kashiwagi S, Hayashi J:
Human T lymphotropic virus type 1 infection influences hepatitis C virus
clearance. J Infect Dis 2001, 184(9):1114-1119.

6. Ge D, Fellay J, Thompson AJ, Simon JS, Shianna KV, Urban TJ, Heinzen EL,
Qiu P, Bertelsen AH, Muir AJ, Sulkowski M, McHutchison JG, Goldstein DB:
Genetic variation in 1L28B predicts hepatitis C treatment-induced viral
clearance. Nature 2009, 461(7262):399-401.

7. Tanaka Y, Nishida N, Sugiyama M, Kurosaki M, Matsuura K, Sakamoto N,
Nakagawa M, Korenaga M, Hino K, Hige S, to Y, Mita E, Tanaka E,

Mochida S, Murawaki Y, Honda M, Sakai A, Hiasa Y, Nishiguchi S, Koike A,
Sakaida I, Imamura M, Ito K, Yano K, Masaki N, Sugauchi F, lzumi N,
Tokunaga K, Mizokami M: Genome-wide association of IL28B with
response to pegylated interferon-alpha and ribavirin therapy for chronic
hepatitis C. Nat Genet 2009, 41(10):1105-1109.

8. Kotenko SV, Gallagher G, Baurin W, Lewis-Antes A, Shen M, Shah NK,
Langer JA, Sheikh F, Dickensheets H, Donnelly RP: IFN-lambdas mediate
antiviral protection through a distinct class Il cytokine receptor complex.
Nat Immunol 2003, 4(1):69-77.

9. LiM, Liu X, Zhou Y, Su SB: Interferon-lambdas: the modulators of
antivirus, antitumor, and immune responses. J Leukoc Biol 2009,
86(1):23-32.

Page 7 of 7

10. Thomas DL, Thio CL, Martin MP, Qi Y, Ge D, O'Huigin C, Kidd J, Kidd K,
Khakoo S, Alexander G, Goedert JJ, Kirk GD, Donfield SM, Rosen HR,

Tobler LH, Busch MP, McHutchison JG, Goldstein DB, Carrington M: Genetic
variation in IL28B and spontaneous clearance of hepatitis C virus. Nature
2009, 461(7265):798-801.

11, Kamihira S, Terada C, Sasaki D, Yanagihara K, Tsukasaki K, Hasegawa H,
Yamada Y: Aberrant p53 protein expression and function in a panel of
hematopoietic cell lines with different p53 mutations. Eur J Haematol
2009, 82(4):301-307.

12. Usui T, Yanagihara K, Tsukasaki K, Murata K, Hasegawa H, Yamada Y,
Kamihira S: Characteristic expression of HTLV-1 basic zipper factor (HBZ)
transcripts in HTLV-1 provirus-positive cells. Retrovirology 2008, 22(5):34.

13. Baloopa S, Thomas LDavid, Thio LChloe: IL-28B and the control of HCV
infection. Gastroenterology 2010, 139(6):1865-1875.

14. Maureen PM, Ying Q, James J G, Shehnaz KH, regoly DK, Keith HW, Susan B:
IL-28B polymorphism does not determine outcomes of HBV or HIV
infection. 2010, 202(11):1749-1753.

15. Birmann BM, Breen EC, Stuver S, Cranston B, Martinez-Maza O, Falk K,
Okayama A, Hanchard B, Mueller N, Hisada M: Population differences in
immune marker profiles associated with human T-lymphotropic virus
type | infection in Japan and Jamaica. Int J Cancer 2009, 124(3).614-21.

16.  Tillmann HL, Thompson AJ, Patel K, Wiese M, Tenckhoff H, Nischalke HD,
Lokhnygina Y, Kullig U, Gobel U, Capka E, Wiegand J, Schiefke 1, Githoff W,
Gringreiff K, Kénig |, Spengler U, McCarthy J, Shianna KV, Goldstein DB,
McHutchison JG, Timm J, Nattermann J: German Anti-D Study Group.: A
polymorphism near 1L28B is associated with spontaneous clearance of
acute hepatitis C virus and jaundice. Gastroenterology 2010,
139(5):1586-92, 1592.e1.

17.  Suppiah V, Moldovan M, Ahlenstiel G, Berg T, Weltman M, Abate ML,
Bassendine M, Spengler U, Dore GJ, Powell E, Riordan S, Sheridan D,
Smedile A, Fragomeli V, Muller T, Bahlo M, Stewart GJ, Booth DR, George J:
IL28B is associated with response to chronic hepatitis C interferon-alpha
and ribavirin therapy. Nat Genet 2009, 41(10):1100-1104.

18.  Ank N, West H, Bartheldy C, Eriksson K, Thomsen AR, Paludan SR: Lambda
interferon (IFN-lambda), a type Il IFN, is induced by viruses and IFNs
and displays potent antiviral activity against select virus infections in
vivo. J Virol 2006, 80(9):4501-4509.

19. Osterlund P, Veckman V, Sirén J, Klucher KM, Hiscott J, Matikainen S,
Julkunen I: Gene expression and antiviral activity of alpha/beta
interferons and interleukin-29 in virus-infected human myeloid dendritic
cells. J Virol 2005, 79(15):9608-9617.

20. Diegelmann J, Beigel F, Zitzmann K, Kaul A, Goke B, Auernhammer CJ,
Bartenschlager R, Diepolder HM, Brand S: Comparative Analysis of the
Lambda-Interferons IL-28A and IL-29 regarding Their Transcriptome and
Their Antiviral Properties against Hepatitis C Virus. PLoS One 2010, 5(12):
e15200.

21, Mennechet FJD, Uze D: FN-M-treated dendritic cells specifically induce
proliferation of Foxp3-expressing suppressor T-cells. Blood 2006,
107:4417-4423.

doi:10.1186/1743-422X-9-40

Cite this article as: Kamihira et al.. Paradoxical expression of /L-28B
mRNA in peripheral blood in human T-cell leukemia virus Type-1
mono-infection and co-infection with hepatitis C Virus. Virology Journal
2012 940.

Submit your next manuscript to BiolMied Central
and take full advantage of:

e Convenient onfine submission

o Thorough peer review

e No space constrainis or color figure charges

o immediate publication on acceptance

o inclusion in PubMed, CAS, Scopus and Google Scholar

o Rasearch which Is fresly avallable for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

() BioMed Centra




ATL selRICEIS e RORIRGEE SEB TR ICD E D <RGN RS OBEICE T MR

241

T

INTERNATION

ORIGINAL ARTICLE

Transplant International 1SSN 0934-0874

Human T-cell leukemia virus type 1 infection worsens
prognosis of hepatitis C virus-related living donor liver

transplantation

Tatsuki Ichikawa,' Naota Taura, Hisamitsu Miyaaki,’ Toshihisa Matsuzaki,' Masashi Ohtani,’
Susumu Eguchi,? Mitsuhisa Takatsuki,? Akihisa Soyama,? Masaaki Hidaka,? Sadayuki Okudaira,?
Tetsuya Usui,* Sayaka Mori,* Shimeru Kamihira,>* Takashi Kanematsu,? and Kazuhiko Nakao'

1 Department of Gastroenterology and Hepatology, Graduate School of Biomedical Sciences, Nagasaki University, Nagasaki, Japan

2 Department of Transplantation and Digestive Surgery, Graduate School of Biomedical Sciences, Nagasaki University, Nagasaki, Japan
3 Department of Laboratory Medicine, Graduate School of Biomedical Sciences, Nagasaki University, Nagasaki, Japan

4 Central Diagnostic laboratory of Nagasaki University Hospital, Nagasaki, Japan

Keywords
donor age, HCV, HTLV-1, liver
transplantation.

Correspondence

Tatsuki Ichikawa, Department of
Gastroenterology and Hepatology, Graduate
School of Biomedical Sciences, Nagasaki
University, 1-7-1 Sakamoto, Nagasaki 852-
8501, Japan. Tel.: +81-95-819-7481;

fax: +81-95-849-7482;

e-mail: ichikawa@net.nagasaki-u.ac.jp

Conflicts of interest
None.

Received: 7 August 2011

Revision Requested: 13 September 2011
Accepted: 15 January 2012

Published online: 14 February 2012

doi:10.1111/.1432-2277.2012.01434 x

Introduction

Summary

Severe and life-threatening donor-transmitted human T-cell leukemia virus
type 1 (HTLV-1) infections after solid organ transplantation have been
reported. However, in HTLV-1-infected recipients, graft and patient survival
were not fully evaluated. A total of 140 patients underwent living donor liver
transplantation (LDLT). Of these, 47 of 126 adult recipients showed indications
of hepatitis C virus (HCV)-related liver disease. The HTLV-1 prevalence rate
was 10 of 140 recipients (7.14%) and three of 140 donors (0.02%). In HCV-
related LDLT, graft and patient survival was worsened by HTLV-1 infection in
recipients (seven cases). The 1-, 3-, and 5-year survival rates in the HCV/
HTLV-1-co-infected group were 67%, 32%, and 15%, respectively, and the cor-
responding rates in the HCV-mono-infected group were 80%, 67%, and 67%,
respectively. Only the 5-year survival rates were statistically significant
(P = 0.04, log-rank method). HTLV-1 infection in recipients is also an impor-
tant factor in predicting survival in HTLV-1 endemic areas.

reported [6-8]. However, in HTLV-1-infected recipients,
graft and patient survival has not been fully evaluated.

Human T-cell leukemia virus type 1 (HTLV-1) is highly
endemic in the southwestern area of Japan, including
Nagasaki as well as in Saharan Africa, South America, the
Caribbean islands, and aboriginal Australia [1,2]. How-
ever, HTLV-1 infects approximately 15-25 million people
worldwide [3] and is associated with adult T-cell leuke-
mia/lymphoma (ATL), HTLV-1-associated myelopathy
(HAM), uvetitis, sialadenitis-like Sjégren syndrome (SjS),
and a wide variety lymphocyte-mediated disorders [2,4,5].
Severe and life-threatening donor-transmitted HTLV-1
infections after solid organ transplantation have been

® 2012 The Authors

The development of three ATL cases in eight HTLV-1
infected recipients after living donor liver transplantation
(LDLT) was reported in Japan [9]. We also reported the
development of HAM [10] and sialadenitis-like SjS [11]
resulting from HTLV-1 in LDLT recipients. Previous
reports state that HTLV-1 infection is associated with a
nonresponse to interferon (IFN) monotherapy for chronic
hepatitis C (CHC) [12] and flare-up of alanine amino-
transferase in hepatitis C virus (HCV)-RNA carriers [13].
HTLV-1/HCV co-infection may affect the course
of HCV-associated liver disease and liver cancer [14].

Transplant international ® 2012 European Society for Organ Transplantation 25 (2012) 433-438 433
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Impact of HTLV-1/HCV co-infection for liver transplantation

Additionally, HTLV-1 interferes with intracellular signal-
ing by type 1 IFN and upregulates HCV replication [14~
16]. However, the influence of HTLV-1 in recipients on
the grafted liver has not been explored. The effect of
HTLV-1/HCV co-infections in recipient compared with
HCV mono-infections has similarly not been explored.

Between 1988 and 2000, 0.027% of donors reporting to
the United Network for Organ Sharing (UNOS) were
diagnosed with HTLV-1 infections [6]. However, the
prevalence of anti-HTLV-1 antibodies in patients visiting
Nagasaki University Hospital between 2000 and 2007 was
13.57% [2], indicating that HTLV-1 carriers are clustered
in Nagasaki. To prevent vertical transmission of HTLV-1,
the ATL Prevention Program, which is a prefecture-wide
breastfeeding intervention study for HTLV-1 carrier
mothers, was initiated in Nagasaki in 1987 [17]. As a
result, age-specific rates of HTLV-1 among residents in
Nagasaki have annually declined (Seropositive rate, 14.5%
in 2000; 12.7% in 2007) [2]. The prevalence of anti-HCV
antibody increased with age and was higher in popula-
tions in the southwestern area of Japan (including
Nagasaki) [18]. In endemic areas of HTLV-1 infection,
HTLV-1/HCV  co-infected patients are frequently
observed and increase the probability a person will have a
liver transplantation.

The HTLV-1 infection rate is lower in Western coun-
tries; however, the influence of HTLV-1 on HCV infec-
tion after transplantation has not been examined. It is
necessary to evaluate HTLV-1 infection rates in HTLV-1
endemic areas. We examined whether HTLV-1 infection
influences patient and graft survival in cases of liver
transplantation in endemic areas of HTLV-1 infection in
Nagasaki.

Patients and methods

Patients

In total, 126 consecutive adult LDLT patients, 47 of who
were HCV-infected, were enrolled in this study. This ret-
rospective cohort study of LDLT recipients included a
comparative analysis of HTLV-1-positive and HTLV-1-
negative recipients to determine graft and patient survival.
In particular, we evaluated whether HTLV-1 infection
influenced HCV-related LDLT. Anti-HTLV-1 antibody
was detected using an enzyme immunoassay (EIA). In
addition, in HTLV-1-positive patients, we used polymer-
ase chain reaction (PCR) analysis to evaluate HTLV-1
proviral DNA in the peripheral blood mononuclear cells.
We diagnosed patients with the anti-HTLV-1 antibody
and proviral DNA as being HTLV-1 positive. In our hos-
pital, HTLV-1-positive grafts are not used for negative
recipients, but are used for positive recipients. Recipient
characteristics such as age, gender, body mass index,

Ichikawa et al.

Child-Pugh score and medical model for end-stage liver
disease (MELD) score at the time of transplantation, pres-
ence or absence diabetes mellitus (DM), and presence of
hepatocellular carcinoma (HCC) were also analyzed. Sur-
gical factors examined included blood type matching,
bleeding volume, (ml), and surgery time (min). Donor
age was categorized into those less than 50 years old and
50 years old and older. Additional donor characters, such
as donor gender, donor BMI, and donor HTLV-1 status
were analyzed. HCV factors included genotype (1b or
non-1b), titer in 1b, core amino acid mutation in 1b, and
IL28B SNP. The HCV-RNA high group (100 000 IU/ml
or more in the serum) of patients was analyzed using
real-time PCR.

Primary outcomes evaluated included recipient and
graft survival. The cause of death was determined using
various factors together with biopsy and necropsy. Liver
biopsy was performed each year and at exacerbation of
liver function.

Methods

The study design, which also included the collection of
data from medical records from the associated hospitals
mentioned above, was approved by the Ethics Review
Board of our hospital.

In this study, 3 IL28B SNPs, i.e., 1s8099917,
rs12979860, and rs12980275, were examined (Nagasaki
University Institutional Review Board approval number:
100511184). SNPs were detected using pyrosequence anal-
ysis. The sense, antisense, and pyrosequence primers were
B-5-TCCTCCTITTTGTTTTCCTTTCIG-3', 5-AAAAAG
CCAGCTACCAAACTGT-3’, and 5-TGGTTCCAATTT
GGG-3" for rs8099917, 5-GTCGTGCCTGTCGTGTAC
TGA-3, 5-B-GGAGCGCGGAGTGCAATT-3’, and 5"-GG
AGCTCCCCGAAGG-3" for rs12979860, and 5-GCTG
TATGATTCCCCCTACATG-3", 5-B-TACATTGTTCGG
CAAGCAATCT-3', and 5-AGAAGTCAAATTCCTAG
AAA-3" for rs12980275, respectively. “B” in the primer
sequences indicates that the primer is biotin-labeled.

Statistical analysis

Data were processed on a personal computer and ana-
lyzed using StatView 5.0 (SAS Institute, Inc., Cary, NC,
USA).Graft and patient survival was determined using
the Kaplan-Meier method and survival curves were
compared using a log-rank test. A cox proportional haz-
ard model was used to determine risk factors for graft
and patient survival. Differences between each laboratory
data were analyzed using the Mann-Whitney U-test and
x* test. P-values < 0.05 were considered statistically sig-
nificant.

© 2012 The Authors
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Results

We evaluated the impact of HTLV-1 on general graft and
patient survival in HCV-infected patients. Of the 140
patients who had undergone LDLT at the Nagasaki Uni-
versity Hospital between 1997 and January 2011, 47 of
126 adult recipients showed indications of HCV-related
liver disease. The HTLV-1 prevalence rate was 7.8% (11/
140) in the recipients and 2% (3/140) in the donors.
Fourteen of the 140 recipients were pediatric recipients.
HCV-related LDLT was observed only in adults. All
HTLV-1 infected recipients were adult cases. First, we
evaluated impact of HTLV-1 for LDLT in adult cases. In
HCV-related LDLTs (Fig. la), graft and patients survival
was worsened by the presence of HTLV-1 infection of
recipients. The 1-, 3-, and 5-year survival rates in the
HCV/HTLV-1-co-infected group were 67%, 32%, and
15%, respectively, and the corresponding rates in the
HCV-mono-infected group were 80%, 67%, and 67%,
respectively. Only the 5-year survival rate was found to be
statistically significant (P = 0.04, log-rank method). How-
ever, adult recipients without HCV infection did not
develop graft loss and patient death (Fig. 1b). In HCV-
related LDLTs, clinical and demographic characteristics in
HTLV-1-positive and HTLV-1-negative recipients did not
differ between groups, except for donor age (Table 1).
We attempted to clarify the factors of graft and patient
survival in HCV-infected recipients by univariate analysis.
MELD score and donor age at transplantation in the
HTLV-1-infected recipients were shown to be significant
factors. However, according to multivariate analysis, only
donor age was a factor in worsening prognosis (P < 0.05;
Relative risk 1.048). Three types of IL28B SNPs were not
associated with graft and patient survival in HCV infected
recipients according to a log rank test and univariate
analysis of a Cox proportion hazard test.

(a) Adult cases with HCV infection

Survival rate
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Second, we analyzed stratification by donor age. Clini-
cal characteristics, shown in Table 1, in the recipients
who tested positive and negative for HTLV-1 did not dif-
fer between groups. In HCV-related LDLT recipients from
old age donor group (age, 50 years and more; co-infected,
3 cases; HCV mono-infected, 13 cases), graft and patient
survival was not worsened by recipient HTLV-1 infection
(log-rank test, not significant). However, in the young
age donor group (age less than 50 years; co-infected, 4
cases; HCV mono-infected, 34 cases), graft and patient
survival was significantly worsened by recipient HTLV-1
infection (log-rank test, P < 0.05). However, graft and
patient survival in HCV/HTLV-1-co-infected patients did
not differ between the old and young donors, and the
outcomes of HCV-mono-infected patients differed
between the old and young donors according to the log-
rank test. On the basis of multivariate analysis using a
Cox proportional hazard test, HTLV-1 infection in HCV-
infected recipients who received the transplant from
younger donors was the only factor contributing to a
worsened prognosis (P = 0.03; relative risk, 0.207).

Finally, we present the profile of seven cases of HCV/
HTLV-1 co-infected recipients (Table 2). In the HCV/
HTLV-1 co-infected group, chronic rejection (CR) devel-
oped in 3 patients, cases 60, 80, and 117, during peg-inter-
feron/ribavirin treatment. CR did not develop in HCV-
mono-infected patients. However, the CR rate was not sta-
tistically significant between the HCV/HTLV-1-co-infected
group and the HCV-mono-infected group. Patients with
CR did not have a prior history of acute rejection and
used cyclosporine as an immunosuppressant. HCV-RNA
disappearance during peg-interferon combination treat-
ment with ribavirin was not observed in 3 CR cases. The
period of peg-interferon combination treatment with riba-
virin is 47, 23, and 2 months for HTLV-1/HCV
co-infected CR patients. The treatment regimen of the

(b) Adult cases without HCV infection
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Figure 1 Kaplan-Meier curves for graft and recipient survival in adult transplant cases. A Kaplan-Meier curve revealed adult recipients with HCV
infection (a) and without HCV infection (b). Black circle and dot line indicate HTLV-1 positive recipients and white circle and solid line indicate
HTLV-1 negative recipients. In adult case with HCV-related LDLT, graft and patient survival of HTLV-1-infected recipients significantly decreased (a,

P < 0.05).
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Table 1. Clinical characteristics in patients with HCV infection.

HTLV-1 positive  HTLV-T negative  P-value

Number 7 40

Age (years) 57.6 (7.16) 58.5 (6.48) NS
Gender M/F 6/1 20/20 NS
BMI 25.6 (5.17) 25.0 (3.08) NS
CP-score 10.6 (3.25) 9.85 (2.27) NS
MELD 11.8 (8.38) 13.6 (8.16) NS
DM +/- 2/5 20/20 NS
HCC +/- 4/3 27/13 NS
Donor age 48 (14.5) 37.6(11.8) 0.04
Donor gender M/F 6/1 18/22 NS
Donor BMI 21.9(2.42) 22.0(2.62) NS
Matching +/- 7/0 32/8 NS
Bleeding volume (ml) 5222 (3840) 14182 (21 230) NS
Surgery time (min) 902 (171) 934 (215) NS
HCV GT1/non GT1 6/1 30/10 NS
HCV high titer in GT1 5 28 NS
1L28B SNP Major/Minor ~ 1/2 24/6 NS
SVR rate 1/7 9/40 NS

Data are shown as means (standard deviation) and numbers, with sta-
tistical analysis assessed using a Mann-Whitney test for means and »2
test for numbers. Statistically significant difference between HTLV-1
positive and negative groups is P < 0.05. CP-score, Child-Pugh score;
HCV GT, HCV genotype; Matching, Blood type matching; IL28B SNP
Major, TT of rs8099917 in recipient and donor; Minor, TG or GG of
rs8099917 in recipient and/or donor. BMI, body weight (kg)/height
(m)/height (m). SVR, sustained viral response.

Table 2. Clinical characteristics in recipients with HCV and HTLV-1
co-infection.

Case number 20 59 60 80 112 117 132
Age (years) 58 50 68 65 48 54 58

Gender M M M F M M M
Survival + + - - - - -
Survival time 3086 1210 528 378 139 301 132
(day)

Cause of death — HCC CR CR Infect. CR =
IFN + - + + - + -
Viral response - - - - -

IFN period 48 47 23 2

(month)

HCV GT1b 1b 1b 1b 1b 1b N 1b
BMI 193 31.1 23.2 305 19.2 30.2 259
HCC - outside Milan Milan - Milan —
MELD 8.1 8.5 4.4 7.3 29.3 152 99
DM N e + . + + +
Donor Sister Brother Child Brother Brother Uncle Child
Donor age 56 45 41 61 46 65 22

Donor HTLV-1  + - - - - - -

Viral response is the disappearance of HCV-RNA in patients under
peg-IFN/ribavirin treatment. IFN period is treatment length (month) of
peg-IFN/ribavirin treatment. Infect., infection; AlH, autoimmune hepa-
titis; BA, biliary atresia; LCN, cryptogenic cirrhosis; LCB, hepatitis B
virus infected liver cirrhosis. Milan, HCC within Milan criteria, Outside,
HCC without Milan criteria.
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peg-interferon combination with ribavirin was performed
under the rules of our hospital and was the same as was
conducted for other HCV-related transplanted patients
[19]. Hence, as an immunosuppressive therapy, tacrolimus
was used for all HCV-infected patients as an induction
therapy combined with steroid tapering; subsequently,
tacrolimus treatment was intentionally replaced with
cyclosporine treatment to facilitate interferon therapy
[20,21] except in case 20. Case 20, which involved an
HTLV-1 infected donor, suffered an onset of HAM and
sialadenitis under the tacrolimus immunosuppressant
regime [11]. Five cases of death occurred in the co-
infected group. Causes of death in patients with HTLV-1/
HCV co-infection included hepatoma recurrence, infec-
tion, and CR. ATL was not observed in this study. Pro-
gression of HCV and/or HTLV-1 infection was not always
related to death. In particular, all CR cases developed dur-
ing interferon treatment. Poor survival of HTLV-1/HCV-
co-infected patients may have been caused by CR. HCV-
RNA levels decreased in the CR cases when the length of
peg-I1EN/ribavirin treatment was less than 1 year.

Discussion

In this study, we clarified that HTLV-1 infection in HCV-
infected recipients is an exacerbation factor involved in
survival of both the graft and the patient. Particularly,
young donors suffer detrimental effects caused by HTLV-
1 infection. Survival of HCV-infected recipients is affected
by donor age, MELD score, and HTLV-1 infection.
Donor age is the most significant factor in graft and
patient survival, and HTLV-1 infection in recipients is the
second most important factor in survival in HTLV-1
endemic areas. Donors of advanced age and high MELD
scores have been reported as complicating factors [22,23].
We report the impact of HTLV-1 infection on graft and
patient survival for the first time.

The presence of HTLV-1 infection as a complicating
factor in recipients was revealed after adjusting for age.
As HCV/HTLV-1 co-infection occurred in three cases in
older donors and four cases in younger donors, it was
necessary to determine the role of donor age in HCV/
HTLV-1-co-infected recipients. In the HTLV-1 infection-
negative group, graft and patient survival was shorter in
older donors than in younger donors, but in the HCV/
HTLV-1-co-infected group, graft and patient survival did
not differ between the old and young donors. Donor age
is a complicating factor for graft and patient survival
regardless of HTLV-1 infection [23]. The survival rate of
the young donor group may initially be high, but survival
rate decreases in the presence of HTLV-1 infection.
HTLV-I possesses a unique and innate (or acquired)
capacity to preserve cellular immunity, such as IL-2 and

© 2012 The Authors
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IL-2-receptor induction {24]. HTLV-1 infection may lead
to a stronger immune response in recipients when the
donor is young than when the donor is old.

The relationship among IFN, HCV, and CR at post-
liver transplantation has been previously studied. It is
reported that peg-IFN/ribavirin treatment for HCV may
trigger rapid CR in patients with therapeutic immunosup-
pressant trough levels, with or without first inducing
acute cellular rejection [25]. Other reports state that the
use of cyclosporine, ribavirin discontinuation, a peg-IFN
treatment duration of over 1 year, and HCV infection
elimination for IFN treatment appear to be associated
with CR [26,27]. We suspect that HTLV-1-infected recipi-
ents under peg-IFN/ribavirin treatment may be associated
with CR for young graft donors and have different immu-
nological mechanisms than HTLV-1 negative recipients.

Recently, the relationship of IL28B SNP and HCV
infection has been studied [28]. It has been reported that
IL28B SNP is not only related to the effect of IFN treat-
ment, but also to the natural course of HCV infection
[29]. We conducted an analysis of IL28B SNP in only 33
pairs of donors and recipients who had obtained agree-
ment in 47 cases of HCV-related liver transplantation. In
this study, 1128B SNP was not related to graft and patient
survival. However, upon analysis of three types of IL28B
SNPs, the survival rate was the same for all three SNPs.
Previous reports state that there are no statistical differ-
ences in overall graft survival according to recipient and
donor IL28B SNPs [30,31].Since it is reported that IL28B
SNPs in both recipients and donors is associated with
IFN response [30-32], differences in long-term survival
between IL28B SNP groups has been examined.

Due to the low prevalence HTLV-1 infection in western
countries, the association of liver disease and HTLV-1
infection has not been evaluated. In this study, performed
in an HTLV-1 endemic area, we determined that HTLV-1
increases mortality after HCV-related LDLT. Presently, to
improve mortality rates, the presence of CR should be
determined when HCV/HTLV-1 co-infected transplanted
patients are treated using IFN/ribavirin. However, as CR
treatment has not been fully evaluated, the mechanism of
HTLV-1 infected T cells in HCV-infected graft liver patients
under peg-IFN/ribavirin treatment should be determined.
The follow-up period of the seven HCV/HTLV-1-co-
infected patients was 132-3086 days. As our study popula-
tion was small and follow-up periods were short, we will
extend the follow-up period to validate our results.
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Abstract To better understand indeterminate HTLV-1
carriers and smoldering (SM) subtype of adult T-cell leu-
kemia (ATL), HTLV-1 proviral integrated status, proviral
load (PVL) and ATL-related biomarkers were examined in
57 smoldering cases, including unusual carriers with a
percentage of ATL-like cells. We found that according to
Southern blot hybridization analytic features, 28 patients
with SM ATL could be divided into 3 groups consisting of
16 (57.4%) patients with a monoclonal band, 6 (21.4%)
with oligoclonal bands and the remaining 6 with smears.
Although no clinical differences were observed among the
3 SM subtypes, HTLV-l-infected CD4 T-cell counts
increased in order of poly-, oligo- and monoclonal sub-
types. This trend began in the carrier stage and also was
observed in PVL, CD25 and CCRA4, indicating that a clone
consisting of leukemic phenotypic cells was continuously
growing. Moreover, the antigen modulation rates of CD26
and CD7 and the increasing rate of CD25 and CCR4 cells
were closely correlated to growing clonal size, indicating
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that these markers had the possibility to predict a mono-
clonal band. In particular, CD26 or the ratio of CD26/
CD25 had a validity differential for leukemic nature and
predictive detection of clonal band. Conclusively, the
present study shows that smoldering ATL is heterogeneous
in the leukemogenic process, and the behavior of CD26
plays a central role in the evolution from early occult to
overt smoldering ATL.

Keywords ATL - HTLV-1 - Provirus - Southern blot -
Leukemogenesis

Abbreviations

HTLV-1 Human T-cell leukemia virus type-1
ATL Adult T-cell leukemia

SBH Southern blotting hybridization
PMNC  Peripheral blood mononuclear cell
LDH Lactate dehydrogenase

sIL-2R Soluble-interleukin-2 receptor
Introduction

Human T-cell leukemia virus type 1 (HTLV-1) was found
to be a causative retrovirus of a T-cell malignancy, des-
ignated as adult T-cell leukemia (ATL) [1, 2]. All ATL
cells, without exception, carry the HTLV-1 provirus in the
same genomic site in each case, indicating that provirus
insertion is an excellent biomarker for the cellular clonality
of ATL and the integrated provirus can be used as the
proviral load (PVL) [3] to estimate viral and cellular bur-
den. Proof of clonality is essential for a diagnosis of
malignant neoplasm, but it should be noted that HTLV-1-
infected cells also are clonally expanded to maintain
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persistent infection [2, 4]. Thus, changes in the abundance
of HTLV-1-infected cell clones play an important role in
persistent infection and ATL leukemogenesis. The clonal-
ity of provirus-carrying cells is usually demonstrated by
Southern blot hybridization (SBH). However, since the
detection sensitivity of this assay is limited (about 5%) [5,
6], it is unavailable for samples including small clones with
5% or fewer monoclonal cell populations.

Recently, we have had many opportunities to see
patients with smoldering ATL and unusual carriers with
high HTLV-1 PVL or with a proportion of ATL-like cells.
We sometimes struggle to distinguish such borderline cases
between carriers and smoldering ATL. ATL cells pheno-
typically resemble Treg cells expressing CD4, CCR4 and
CD25. On the other hand, ATL cells aberrantly express 100
or more cell surface receptors and ligands [7, 8]. Such
aberrantly expressed receptors consist mainly of natural,
adaptive and ectopic types, some of which are considered
to be involved in leukemogenesis [9]. In particular, down-
regulation of CD3, CD7 and CD26 are observed during the
early phase of leukemogenesis [9]. However, little is
known about the behavior of cells concurrently expressing
CD4, CD25, CCR4 and CD26 in the carrier to SM stages
using in vivo practical samples. Accordingly, to better
understand indeterminate carriers and smoldering ATL, the
present study was focused on the implication between the
SBH features reflecting clone size and cellular changes in
phenotype and number. In particular, CD26 is noted to be
one of the prodromal cellular changes, because the down-
regulation of CD26 begins in the carrier stage and persists
continuously till the completion of ATL.

Materials and methods

White blood cell counts, morphological data, serum lactate
dehydrogenase (LDH) activity and soluble interleukin-2
receptor (SIL-2R) were used from routine laboratory data.
Peripheral blood samples were collected from our ATL and
HTLV-1 carrier clinic, consisting of 28 patients with
smoldering ATL carrying 5% or more ATL-like cells in
blood, 12 unusual carriers with around 5% ATL-like cells,
and 17 common (healthy) carriers. Thirty-four samples
from patients with leukemic chronic or acute ATLs were
used as a positive control. Morphological evaluation was
microscopically conducted by hematological specialists.
High-molecular-weight DNA was extracted from
peripheral blood mononuclear cells (PMNC) using a
QIAmp DNA Blood Mini Kit (Qiagen GmbH, Hilden
Germany). PVL was quantified by LightCycler Technology
(Roche Diagnostic K.K., Tokyo, Japan) using hydro-probes
and previously described primers [10-12]. Normalization
was done using the f-globin gene and the PVL was

_@_ Springer

expressed as copy number per 10% cells or percent for
PMNC. This study was done under the approval of our
institutional board.

Clone assay of SBH

SBH analysis was performed by a method described pre-
viously with modification, using 7 mixtures of probes
covering the. total region of the digoxigenined provirus and
the restriction enzymes of EcoR-1 and Pst-1 [13, 14]. Pst-1
cuts 4 sites of the provirus, but Eco-R1 cannot cut within
the provirus. Therefore, to determine clonally related sharp
band or polyclonally related smear bands, Eco-R1 digestive
genomic fragments were used. To assay clonality accu-
rately, we monitored 1.5, 3 and 5% clonal cell controls
every time. Band patterns were estimated using a densi-
tometer (Fujifilm Life Science, Science Lab 2005, and
Tokyo, Japan).

Flow cytometry analysis for cell surface antigens

The positive rate for CD3, CD4, CD7, CD25, CD26 and
CCR4 was measured by a routine method using whole blood
according to the manufacturer’s instructions (BD FAC-
SCato-II, Nixon BD. Inc, Tokyo, Japan). The association
between CD7 and CD26 antigen modulation and the posi-
tivity of CD4, CD25 and CCR4 cells was assessed by using
the four-color staining method according to the manufac-
turer’s instructions. Co-expression with CD4, CD25, CCR4
and CD26 was assessed by a four-color flow cytometric
method using CD26-FITC, CD4-PerCP, CD25-APC and
CCR4-PE. The rate (%) of CD4“PCD25CCR4™ cells
relative to all CD4 cells and the co-expression rate of CD26
with CD4™CD25CCR4A™ cells was measured according
to the BD FACSCato-II protocol (BD, Inc., Tokyo, Japan).

Statistical analysis

Data are expressed mainly as the median and analyzed
using the Mann-Whitney test. P value of below 0.05 was
considered to be statistically significant. Analyses were
performed with Stat Flex version 6.5 software packages
(Artech Inc., Osaka, Japan).

Results

Classification features of band patterns using
a densitometer

The band patterns in SBH analysis using Eco-R1-digestive
genomic fragments were mainly estimated by a densitom-
eter graph. The densitometer graphs equivalent to band
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status are classified into five patterns (Fig. 1a): patterns-1
and -2 are light and dense smear bands with no difference
in staining density; pattern-3 is a hill ridge, irregular shape
with vertical stripes or a low and broad projection with'
smear bands; pattern-4 is a low/sharp peak type; and pat-
tern-5 is a sharp high peak. In vivo clonal status of the five
patterns based on SBH features, as shown in Fig. 1b, is
considered to correspond to few small clones in pattern
(P)-1, many small clones with few growing clones in P-2,
oligoclones of a detection limit in P-3, and clearly detect-
able monoclone(s) with various background clonal status in
P-4 and 5.

SBH analysis allocated 57 cases to 17 of P-1, 11 of P-2,
12 of P-3, 6 of P-4 and 11 of P-5. The relations between
intra- or inter-disease status and the band patterns are
summarized in Table 1. Consequently, smoldering ATL
was the most heterogeneous for SBH patterns; 16 (57.1%)
of 28 smoldering ATLs were P-4 and -5 (large clone
consisting of at least 5% monoclonal cells), while the
remaining 12 (42.9%) were P-1, -2 and -3 (equivalent to
polyclonal or oligoclonal band). Actually, Fig. 2 is an
interesting example of an SM subtype showing dense

(A) Pattern Classification of SBH features

Pattern-2

(dense smear type)

Pattern-1
(light smear type)

Patter

(oligoclone/clonal dev.type)

smear bands and abnormal cells with an aberrant pheno-
type of 73% CD4, 77% CD25 and 21% CD26.

Cyto-oncological characteristics of the three SM
subtypes

To characterize ATL-related biomarkers in the three sub-
types of SM, the findings were comprehensively compared
with those of healthy carriers, unusual carriers and patients
with chronic ATL (Table 2). First, clonal expansion-asso-
ciated biomarkers, such as PVL, HTLV-1l-infected CD4
T-cell counts in 1 puL peripheral blood and the serum level
of sIL-2R increased regularly in the order of poly-, oligo-
and monoclonal SM subtypes. Figure 3 shows the line
graphs on increasing fold (rate) of PVL and total lym-
phocyte, all CD4 T-cell and HTLV-1-infected CD4 T-cell
counts converted from Table 2. The graph shows two
distinctive patterns (solid lines of PVL and infected CD4
T-cell vs. broken lines of total lymphocyte and all CD4
T-cell). In contrast to the horizontal part of the broken
lines, the solid lines are gradually elevated, meaning that
the provirus-carrying CD4 T-cells gradually increase

n-3 Pattern-4

(low peak)

Pattern-5
(sharp/high peak)

5

|

3) smoldering

1)Carrier clone

2)Carrier clone

4)Unusual carrier

7)smoldering 10)chronic

L E
3

8)smoldering

5)smoldering 11)acute

(B) The images of in vivo clonal status in each Pattern

2
®
ﬁcﬂ%e
e °
© e

>Many small clones
>Few growing clones

> Few small clones

» Oligoclones with a
few large clone s
in around 30 cells

9)Smoldering 12)acute

> 30 or more cell clones
with a moderate back-
ground smear (+)

> Large clone with rare
back-ground smears

»Background smear(+)

Fig. 1 a The densitometry patterns for HTLV-1 proviral integration
status according to SBH band features using a restrictive enzyme of
Eco-R1 and representative cases. Subjects were mainly classified into
five patterns according to densitometer images. @ Densitometry

graph. @ SBH analysis for Eco-R1-digestive genomic fragments. @
SBH analysis for Pst-1-digestive genomic fragments. b The image of
in vivo clonal status in each pattern
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Table 1 The pattern distribution of SBH features in intra- and inter-diseases

Smear band Oligoclonal bands Monoclonal bands Total
P-1 P-2 pP-3 P-4 P-5
Common carriers 1 5 0 0 H? 17
Unusual carriers 5 1 6 0 0 12
Smoldering ATL 1 5 6 6 10 28

The criteria of the classification is explained in the text. P-1, P-2, P-3, and P-4 and P-5 generally correspond to light smears, dense smears,
oligoclonal bands and monoclonal bands, respectively. Of leukemic type ATL, including the chronic and acute type, SBH features in smoldering

ATL were the most heterogeneous

Common carriers HTLV-1-seropositive individuals without any HTLV-1-associated disorders

Unusual carriers those who have clinico-cytological findings similar to that of the smoldering subtype of ATL

& Carrier clone

Fig. 2 A representative case

!
presentation of the polyclonal Densitometric ~ 7,

smoldering subtype (SM) graph —?
showing a polyclonal dense -
smear in SBH analysis and the -{
smoldering subtype with full —%
hematological criteria SBH

Eco-R1

Pst-1

May-Giemsa
Staining smears
1000x

regardless of the almost stable counts of non-infected CD4
T-cells during the entire period of smoldering ATL.

The positive values of CD4, CD25, CCR4, CD7 and
CD26 subsets (%) were observed to change continuously
and concurrently in the order of common carriers, unusual
carriers, polyclonal SM, oligoclonal SM and monoclonal
SM. In order to interpret these data in detail, a line graph
was used (Fig. 4). CCR4 and CD25 cells increased con-
currently and sharply from the common carrier stage to the
oligoclonal stage. The down-regulation of CD26 was ini-
tiated in the unusual carrier stage and kept falling contin-
uously by chronic stage. The fluctuations of CD4 and

@ Springer

Laboratory date
WBC 7200

ATL-like cells :13%
PVL:7600/10* PMC
sIL-2R 4027U/ml
LDH  2211u/DL
CD4 73%
cD8 15%
D25 77%
cD7 66%
D26 27%

CD26 showed an opposing trend, and the interval between
CD4 and CD26 (solid triangle and gray circle) gradually
enlarged with the increasing cell number of 32, 54, 115 and
163 cells. Such behavior of CD26 was expected to play a
central role in budding of ATL in the early stage of multi-
step leukemogenesis.

Clinico-oncological usefulness of CD26
From the results described above, CD26 appears to be

closely associated with the evolution of SM. In contrast to
characteristic phenotypes in overt ATL cells, those of



ATL ZRRICEIFTCFORRBEE S EBIRRERICD & D LENEMRAHIDERECE I D5

251

Heterogeneity in clonal nature of smoldering ATL

403

Table 2 Comparison of the measurement value (mean) of ATL-related biomarkers among the polyclonal, oligoclonal and monoclonal SM

subtypes
Carrier stage Smoldering stage Chronic
Common Unusual Polyclonal Oligoclonal Monoclonal
PVL (%) 5.9 17.9 22.6% 28.0 39.3% 78.3
Total Ly counts 1750 1950 2308 1732 2306 7659
All CD4 T-cell 786 882 1570 1513 1377 7220
Infected CD4 102 330 480%* 628 744%* 8346
LDH (IU/mL) 199 200 222 186 179 257
sIL-2R (U/mL) 868 765 1425 1877 1887 6106
CD4 (%) 43 48 52 55 56 79
CD25 (%) 14 22 32 45 44 75
CCR4 (%) 14 25 38%* 50 58#* 76
CD7 (%) 63 65 70 47 50 11
CD26 (%) 43 41 471* 28 22%% 7
Statistically significant (P < 0.05) between * and ** in PVL, infected CD4 cell number, CCR4 (%) and CD26 (%)
HTLV-1-infected CD4 T-cell number/1 pL p-blood = total Ly counts x CD4%/100 x PVL (%/100)
14 g Infected CDA T-cell
PUL (a) 3,/
12 ° 7 fold .. 'PVL
[T R Rt
- 10 a1 w o T T
'E 4 Al CD4 T-cells % ) P
4 @ -
w 8 o g / cels
% 7 Infected CD4 T-cells 2 1fold e " Concells
g 61 corees o, D25 cells
= 34 4» Total lymphocyte s P e
4 s (b) 60% //
, N . . Iy 50% 3 CD4(+)25(+)CCRA(+)CD26(-)
2 W i é,ﬁz."_%‘:@m«.-ubi‘é_,_:::;}ﬁ@/ 9 P | ATL cells
. i L ) i L T 40% (& B2 a
00‘\ 5\5‘0\ \o(@\ 00“?\\\, \0“3\ R g E
et W e ot WS o £ 0% A g i o
&° o S 20% - / e S
‘2/ €026 celts™ . Y
Fig. 3 The difference in the line-graph patterns between HTLV-1- 10% - &
infected and uninfected cells. PVL and infected CD4 T-cell counts 0.l : :
gradually increased from the early carrier stage to the last stage of 0,@«“:;@ 0“05\1:\@. vo\ﬂc\":‘i«» N T o
smoldering, while the HTLV-1-uninfected cell population was stable, & o s‘@\ee‘\“ @i‘w\““ WS e
B

indicating that the discrepancy was explained by the infected
leukemic clonal expansion alone

occult ATL (SM) cells are now controversial. One of the
reasons for this is thought to be the difficulty in identifying
SM cells. Therefore, to overcome these problematic issues,
a dot-plot graph for CD26 versus CD25 and a four-color
staining method were applied. The dots of CD26 and CD25
were mainly clustered into two areas (Fig. 5): 11 of
monoclonal SM were clustered into a solid line circle,
while oligoclonal and polyclonal SM were widely distrib-
uted. On the other hand, carriers were compactly clustered
within the broken line circle. This indicates that also the 3
SM subtypes are not always homogeneous in biological
character. Since the CD25 versus CD26 dot graph only

Fig. 4 The rate of change in each ATL-related biomarker. There
were two major types of curves; a concurrent increasing type with
tumor burden and a decreasing type with aberrant down-regulation.
a The increasing rate (fold) relative to 102 HTLV-1-infected CD4
T-cells in 1 pL of blood. b Comparison of the positive rates in each
disease state equivalent to P-1 (common carriers), P-2 (dense smears),
P-3 (oligoclonal), and P-4 and P-5 corresponding to the monoclonal
phase. Asterisks represent predicted CD4PCD26 cell number
equivalent to a major clonal expansion representing the absolute
increased tumor burden

hinted at the heterogeneity of SM, we examined the cli-
nico-oncological role of CD26 using 3 parameters of
HTLV-1-infected cell counts, the CD26/CD25 ratio and
SBH features. As shown in Fig. 6, the number of HTLV-1-
infected CD4 T-cells was closely correlated to the ratio of
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100y T CD26/CD25 (R* = 0.6586), and the clustering patterns

i were characteristic.
, :CamerSM , Samples with monoclonal band were mainly clustered in
.TnD;M a high area within 0 to <1 of the X-axis. Most other sam-

] 0OlIgo-

. polgy—SM ples were widely distributed in a area of around 1.00-11.00
. %Chmmc of the Y-axis. Thus, the CD26/CD25 ratio represents the
: : degree of advance in the leukemic process, comparable to

CD25%

TE
.!’
0 10 20~

Fig. 5 CD26 versus CD25 twin dot graph, showing that there were
two hot areas. The cells clustering in the same area have uniform bio-
characteristics. Monoclonal SM was concentrated in the same area,
but polyclonal SM and carriers were distributed sparsely and widely.
Red squares within dotted line circle 3SM subtypes were scattered
into both circles

the growing level of an ATL cell clone. Actually, this was
demonstrated to be an indicator of a monoclonal band
using a distribution graph and a receiver operating curve
(ROC). That is, as shown in Fig. 7a, the ratios of CD26/
CD25 were clearly separated by the presence or absence of
a monoclonal band. The ROC analysis gave a high area
under the curve (AUC) of 0.90, and sensitivity, specificity,
and positive and negative predictive values were 87.0,
83.0, 80.0 and 89.0%, respectively (Fig. 7b), when the ratio
of cutoff value (COV) was 1.04. The detective test per-
formances of CD26 and CD7 alone for a monoclonal band
were 0.82 and 0.81 AUC, respectively. This simple pre-
dictive method as an alternative to the SBH test, which is
time- and labor-consuming, may be practically useful.

100000

100.3x08 |
=0.658 |
{,-, 10000 T
@
= Sdd
por i
c dai
g 1000 et all
= B ! B8 carrier
<t R
8 E : Q poly-SM
8 B 4 oligo-SM
e H
S 100 B0 Omono-sm
k5
= & chronic
N3
>
=
T 10 -
: ratio of CD26/CD25
1 A—— fat
0.00 /A 1.00 200 3.00 400 500 600 7.00 800 9.00 10.00 11.00 12.00
P , .
Mono-band:20 Mono-band: 2 Mono-band :0
Oligo-bands:5 Oligo-bands:2 Oligo-band :1
Poly-band :4 Poly-band: 8 Poly —band :10

Fig. 6 Three parameter “twin dot-plot graph” between HTLV-1-
infected CD4 T-cell numbers and the ratio of CD25/CD26, and the
carrier or disease subtypes. Samples with the same band pattern
showed a tendency to gather in the same areas bordered by the CD25/
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band) in an area within 0.00-1.00 of the X-axis, and most samples
with smears (poly-band) in an area within 1.00~11.00 of the X-axis
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(A) Distribution graph
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Fig. 7 a The distribution graph of each sample with or without a monoclonal band. The median values of mono-band (+) or (—) were 0.32 and

1.98. b The receiver operating curve (ROC) analysis

Correlation between down-regulation of CD26 antigens
and SBH features

It is known that CD7 and CD26 antigens are lost in chronic
and acute ATL cells. The present study revealed that the
loss of CD26 antigens was initiated early in the pattern-2 or
-3 stages. To confirm whether CD4™" CD25™ CCR4"
cells were concurrently expressed, a four-color staining
flow cytometric method for CD4, CD25, CCR4 and CD26
was used (Fig. 8). CD4‘"? CD25Y CCR4™ cells (P1
square) were 1% or less, of which 75% (0.3% of total CD4
cells) were CD26 negative and 25% were CD26 positive in
a healthy individual seronegative for HTLV-1 (case 1).
That is, the CD257/CD26™ ratio was 3.0. On the other
hand, the ratio in common carriers and SM subtypes was
about 3.0-10.0 (cases 2-4) and 10 or more (cases 5-9),
respectively. This phenomenon regarding the loss of CD26
antigens was observed in other ATL cells [20].

Discussion

More than 35 years have passed since ATL was found and
HTLV-1 was identified as its causative virus several years
later. After that, a better molecular understanding of ATL
pathology has been advancing. However, at the forefront of
clinical practice, many problematic issues, such as a correct
diagnosis of smoldering ATL, discrimination from unusual
carriers with a percentage of ATL-like cells and promising
therapeutic strategies, remain unclear. Recently, under-
standing of ATL pathology has deepened, but there is no
point of contact between clinical and molecular aspects.
The results of the present study revealed that SM was
heterogeneous in clonally related SBH features (mainly
clone size) and lymphocyte subset profiles. We here des-
ignated such cases as monoclonal, oligoclonal and poly-
clonal smoldering (SM) subtypes. Although there was no
difference in clinical manifestations, increase of only
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ATL-like cells:0%
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ATL-like cells:1-2%
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Common carriers
ATL-like cells:0-3%
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Common carrier
ATL-like cells: 1-4%

CD25
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CD26

Fig. 8 Four-color flow cytometry for CD4, CD25, CCR4 and CD26.
After CD4 gating, gating-CD4 T-cells were developed into a
cytograph (a CCR4 = X-axis, and CD25 = Y-axis), and then P1

HTLV-1 provirus-carrying cells with a phenotype of
CD4"CD25TCCR4TCD26™~ was characteristic, regardless
of the stable lymphocyte counts. Moreover, the ratio of
CD26/CD25 was defined to be useful as an indicator of the
grade of advance into ATL. Such findings were observed
partially in unusual carriers with oligoclonal bands. These
suggest that the expansion of leukemic clone begins in the
unusual carrier stage and reaches large clone detected by
SBH analysis in the SM stage. Thus, continuous changes of
all ATL-related biomarkers would be explained by grow-
ing leukemic clonal cell population [15]. This is easily
understood by a diagram shown in Figs. 3 and 4, which
was derived from the increase of absolute CD4 T-cells
infected by HTLV-1. The SM period seems to oncologi-
cally mean one of the turning points for multi-step leuke-
mogenesis of ATL.

Now, it is interesting to develop such a subtype
manifestations. Although clinical over-diagnosis cannot
be completely neglected, there are in fact such cases
with a highly dense smear for Eco-R1 genomic frag-
ments and internal bands for Pst-1 genomic fragments,
like the case in Fig. 2. As a possibility, a cluster of
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negative (red P4 area)

small clones may work co-operatively to develop SM
manifestations. Subsequently, this appears to give rise to
frequently multiclonal ATL and genomic diversity of
leukemic clones [16].

Another interest is the behavior of CCR4, CD7 and
CD26. So far, little is known about CD26 associated with
ATL pathology. CD26/dipeptide peptidase IV (DPPIV),
which is an antigenic enzyme expressed on the surface of
most cell types, suppresses the development of cancer and
tumors. CD26 plays an important role in tumor biology,
and is useful as a marker for various cancers [17-19]. Now,
why would down-regulation of CD26 first occur? The
down-regulation preceding the increase in HTLV-1-infec-
ted CD4 T-cells may be indispensable to an environment
for growing immature ATL cells. On the other hand, down-
regulation of CD7, a glycoprotein member of the immu-
noglobulin (Ig) superfamily, is also one of the most com-
monly seen antigenic aberrations in T-lymphoproliferative
disorders, but there is no specificity for malignant cell
types, including a variety of reactive conditions [20, 21].
The changes in expression of CCR4 and CD26 may be the
results of transformation.
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Furthermore, to reveal other roles of CD26, statistical
methodology and a dot plot were used. Consequently, two
twin dot-plot graphs of CD25 versus CD26, and HTLV-1-
CD4 T-cell number versus the ratio of CD26/CD25
revealed that the ratio of CD26/CD25 is useful as a sur-
rogate marker for the prediction of the provirus clonal
status. When the COV of the ratio is 1.04, the diagnostic
validity is 87.0% in sensitivity and 83% in specificity.
However, the ratio of CD26/CD25 in polyclonal SM was
widely distributed, indicating that the polyclonal SM was
distinctive from the other two subtypes of oligo- and
monoclonal SM. This simple predictive method, alternative
to the SBH test which is time- and labor-consuming, may
be practically useful for screening in rapid turn-around test
or epidemiological mass test.

Finally, using four-color flow cytometry, the usefulness of
the CD26 antigen monitor was verified in actual cases. The
antigen status was evaluated as the ratio of CD26' versus
CD26 within a fraction of CD4"CD25 ™ CCRA™ cells.
The ratio went up with increases in the CD4CD25™
CCR4“™ cell populations, reflecting occult ATL cells or
transforming cells. In the present study, the border line of the
ratio between carriers and patients with SM was about 10.0.
Thatis, if the CD267:CD26 ratio is 10 or more, the case is
predicted to be smoldering ATL.

Taken together, the present study showed that smol-
dering ATL was heterogeneous in a clone size and the
quality of its constituent cells. This suggests that it is rel-
evant to classify the current smoldering ATL into two
subtypes of SM with or without a monoclonal band.
Indeterminate HTLV-1 carriers and smoldering ATL can
be discriminated according to the patterns of SBH densi-
tometer images and CD26 antigen status. Moreover, CD26
is expected to be used as a novel biomarker for prediction
of clonal bands and discrimination of carriers or SM sub-
types. CD26 may become one of the central molecules in
understanding the early leukemogenic process.
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