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Abstract

Bone marrow cells are capable of differentiation into
liver cells. Therefore, transplantation of bone marrow
cells has considerable potential as a future therapy for
regeneration of damaged liver tissue. Autologous bone
marrow infusion therapy has been applied to patients
with liver cirrhosis, and improvement of liver function
parameters has been demonstrated. In this review, we
summarize clinical trials of regenerative therapy using
bone marrow cells for advanced liver diseases including
cirrhosis, as well as topics pertaining to basic /i vitro or
/n vivo approaches in order to outline the essentials of
this novel treatment modality.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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INTRODUCTION

Bone marrow cells (BMCs) are capable of differentiating
into liver cells"™ because they include stem cells known
as multipotent adult progenitor cells™. These cells have
been shown to produce albumin when cultured with he-
patocyte growth factor (HGF)™ and various liver-specific
proteins, including albumin, when cultured with mature
hepatocytes'. Using cells obtained with a negatively se-
lective magnetic cell separation system for efficient sort-
ing of rat BMCs enriched with stem cells, we have shown
that BMCs differentiate into cells expressing liver-specific
genes when cultured with mature hepatocytes or HGF,
As thete is now much evidence indicating that BMCs can
differentiate into cells resembling liver cells 2 vitrd™™ the
characteristics of such BMCs are of great interest in the
context of liver-regenerative medicine' ™.

Liver cirrhosis is the end stage of chronic liver dis-
ease, and is associated with many serious systemic com-
plications resulting from both liver failure and portal
hypettension. This condition has a poor prognosis and
is difficult to treat. Therefore, development of an ef-
fective liver-regenerative therapy for liver cirrhosis is an
urgent priority. Liver transplantation is the only curative
remedy for cirrhotic patients, but is associated with many
problems such as donor shortage, surgical complications,

December 26, 2013 | Volume 3 | Issue 4 |
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rejection and high cost. As an alternative approach, re-
generative cell therapy using stem cells is now attracting
attention. Multipotent stem cells present in bone marrow
are a particulatly promising candidate for this purpose.
In this review, we summarize clinical trials of liver-regen-
erative therapy using BMCs for advanced liver diseases
including cirthosis, as well as topics pertaining to basic 7z
vitro ot in vivo approaches in order to outline the essentials
of this novel treatment modality.

MIGRATION AND ENGRAFTMENT OF
TRANSPLANTED BMCs TO THE INJURED
LIVER IN STUDIES USING ANIMAL

MODELS

Although BMCs can show liver cell lineage differentiation
in vitro, an understanding of the dynamics of transplanted
BMCs #n wivo is essential for the development of BMC-
based regenerative therapy. In this context, two impor-
tant issues need to be clarified: (1) How do transplanted
BMCs migrate to and engraft in the liver? and (2) Is there
a relationship between the degree of liver damage and
the extent of migration of transplanted cells? A previous
study using model rats with carbon tetrachloride (CCls)-
induced liver injury has demonstrated that transplanted
BMCs detived from transgenic rats expressing green fluo-
rescent protein'” in the spleen migrated to and remained
in the periportal area of the recipient’s damaged liver"®.
These transplanted cells expressed liver cell markers such
as alpha-fetoprotein as well as Notch signaling markers
for stem cells, suggesting that the BMCs retained in the
recipient liver possess the potential to differentiate into
liver cells.

Migration of transplanted BMCs to the liver after in-
jection into the spleen has been compared in two models
of liver injury induced by administration of CCls and
2-acetylaminofluorene (2-AAF)"”, respectively, focusing
particulatly on differences in levels of liver mRINA for
growth factors such as HGF and fibroblast growth fac-
tor (FGF), which have been shown to be responsible for
efficient liver cell lineage differentiation of BMCs™'™",
Interestingly, transplanted BMCs were found to engraft
into CCls-induced injured liver characterized by submas-
sive hepatic necrosis and induction of high levels of
HGF and FGE but not into liver damaged by 2-AAF®",
A higher degree of HGF induction is characteristic of
more severe liver damage™ . These findings suggest
that transplanted BMCs migrate more effectively to a
liver with greater damage, and that this transplantation
approach would be clinically promising for treatment
of advanced liver diseases. However, further studies ate
needed to clarify the factors produced by both BMCs and
hepatocytes that contribute to better differentiation of
BMCs into liver cells 7 sivo, thus improving the effective-
ness of BMC transplantation.
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HUMORAL FACTORS BENEFICIAL FOR
LIVER REGENERATION AFTER BMC
TRANSPLANTATION

The degree of liver function and fibrosis, as well as sur-
vival rate, have been shown to improve significantly after
BMC transplantation in animal models of severe liver
injury™*!. With regard to the mechanisms of liver re-
generation resulting from BMC transplantation, many of
the physiological and regenerative roles of transplanted
BMCs remain unclear. However, it can be said with cer-
tainty that humoral factors produced in the liver during
the regenerative process after BMC transplantation have
a crucial role in both improvement of liver fibrosis and
liver cell lineage differentiation of stem cells originating
from BMCs and hepatic epithelial stem cells.

Improvement of liver fibrosis results from fibrolysis
through the proteolytic action of BMC-induced factors.
In this context, matrix metalloproteinase (MMP) activ-
ity is particularly noteworthy™. Sakaida ez al™ showed
that BMC transplantation ameliorated liver fibrosis in the
CCls-induced liver-injury model, and that the fibrolytic
change was attributable to MMP-9 secreted by BMCs
that had migrated to fibrotic areas of the liver.

The liver cell lineage differentiation of BMCs occurs
through the cooperative action of a variety of growth
factors such as HGF or FGF induced in the injured
liver"*. Such differentiation may be accompanied by
eatly elevation of the apolipoprotein Al level in serum
and liver™. Administration of FGF2 in combination
with BMC transplantation synergistically ameliorates liver
fibrosis in models of liver injury induced by CCL™, In
addition, in severe liver injury where hepatocyte prolifera-
tion is strongly inhibited, hepatic stem cells such as oval
cells ate induced and show differentiation toward a liver
cell lineage, thus leading to liver regeneration™ .

As BMC transplantation is successfully adaptable
to cases of severe liver injury, it has been hypothesized
that transplanted BMCs interact with hepatic epithelial
stem cells and influence the subsequent proliferation
and differentiation of stem cells. Studies of the interac-
tion between BMCs and hepatic stem cells can provide
new insight into the mechanisms of recovery from se-
vere liver damage through liver regeneration after BMC
transplantation. In this context, 7z wiro analysis using a
system for co-culture of BMCs and an established epi-
thelial hepatic stem cell line has been conducted. Haga ¢
a’"" demonstrated that the expression of FGF2 mRNA
was uptegulated in BMCs co-cultured with hepatic stem
cells, and that expression of mRNAs for both albumin
and tyrosine aminotransferase, representative of mature
hepatic cells, became detectable in hepatic stem cells after
cultute with FGF2 protein. Thus, BMCs stimulate both
proliferation and differentiation of hepatic stem cells into
the hepatocyte lineage, and FGF2 is one of the factors
produced by interaction with BMCs, which stimulates
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Figure 1 Putative action of transplanted bone marrow cells that include
multipotent stem cells for regeneration of damaged liver.

such differentiation. Cross-talk between bone marrow
stem cells and hepatic epithelial stem cells may undetlie
the process of liver regeneration, and this is an area of
interest for future investigation. Figure 1 shows an over-
all representation of the putative action of transplanted
BMC:s in the regeneration of damaged liver.

CLINICAL TRIALS OF BMC
TRANSPLANTATION FOR ADVANCED
LIVER DISEASES

BMC transplantation has received increasing attention as
a promising therapy for advanced and severe liver diseas-
es such as cirrhosis. Clinical trials of BMC administration
to patients with advanced liver diseases have been per-
formed, and improvement of liver function parameters
such as the serum level of albumin, Child-Pugh score
or Model for Endstage Liver Disease scote have been
reported™ ™. Another study has shown that intraportal
administration of autologous CD133" BMCs and subse-
quent portal venous embolization of right liver segments
resulted in a 2.5-fold increase in the mean proliferation
rate of the left lateral segment, in comparison with con-
trols not receiving BM transfusion™"’, These findings
suggest that transplanted BMCs have a potential role in
liver regeneration and proliferate in the recipient liver,
Recently, autologous BMC transplantation - a technique
named autologous BMC infusion (ABMi) therapy - has
been applied to multi-center patients with liver cirrhosis
due to hepatitis c* hepatitis B™ and excess alcohol
intake™” using almost the same protocol, and a seties of
studies have demonstrated improvement of the serum
albumin level, leading to improvement of the Child-Pugh
score.

Although BMC administration for advanced liver
diseases including cirrhosis is an attractive strategy in the
field of cell therapy for liver regeneration, many concerns
need to be addressed™ . As in vitro and in vivo experi-
ments have clearly shown, BMCs induce fibrolysis and
show hepatocyte differentiation, and they may interact

&K

Jgai:::z.,g@ WIM | www.wjgnet.com

Saito T et al. Bone marrow infusion for cirrhosis

with hepatic epithelial stem cells to aid their differentia-
tion into the hepatocyte lineage. However, it is still un-
clear how infused BMCs work to improve liver function
in humans. A clinical trial of ABMi for patients with
cirthosis demonstrated that the number of AFP-positive
cells increased significantly in the liver relative to the situ-
ation before ABMi™, In addition, ABMi appeared to
induce hepatocyte proliferation in the liver, as expression
of proliferating cell nuclear antigen, a marker of hepato-
cyte proliferation, was significantly increased after ABMi
in comparison with the pretreatment situation. Although
these findings suggest that transplanted BMCs have a po-
tential role in liver regeneration and proliferate in the re-
cipient liver, it remains unknown whether fully functional
hepatocytes are induced by ABMi. The characteristics of
stem cells present among BMCs that show hepatocyte
differentiation require further elucidation.

The factors that determine the difference between ef-
fectiveness and non-effectiveness of ABMi are unclear.
Collateral circulation resulting from the portal vein dis-
organization that characterizes liver cirrhosis may affect
the flow and effective migration of infused BMCs to the
liver, and thus migration of infused cells to the liver may
partly depend on the portal venous pressure. In addition,
the expression levels of cellular adhesion molecules as-
sociated with the attachment of infused cells to liver tis-
sue may vary a great deal among patients. The long-term
effectiveness of this therapy in terms of survival rate has
not been demonstrated. These issues should be evaluated
by a randomized controlled trial involving a large number
of patients. Additionally, other issues that impact the effi-
cacy of this therapy, ze., the long-term culture conditions
optimal for stocking BMCs for repeated infusion, the op-
timal cell population to employ, the optimal number of
cells to infuse, the effectiveness of repeated infusion and
the optimal route for cell delivery need to be investigated
further.

In conclusion, regenerative therapy using BMCs for
advanced liver diseases including cirrhosis has consider-
able potential. Further studies are needed to develop a
better method of BMC transplantation that can contrib-
ute to improvement of liver function and to clarify the
long-term effectiveness of this therapy.

REFERENCES

1 Petersen BE, Bowen WC, Patrene KD, Mars WM, Sullivan
AK, Murase N, Boggs SS, Greenberger JS, Goff JP. Bone
marrow as a potential source of hepatic oval cells. Science
1999; 284: 1168-1170 [PMID: 10325227 DOI: 10.1126/sci-~
ence.284.5417.1168]

2 Alison MR, Poulsom R, Jeffery R, Dhillon AP, Quaglia A,
Jacob J, Novelli M, Prentice G, Williamson ], Wright NA.
Hepatocytes from non-hepatic adult stem cells. Nature 2000;
406: 257 [PMID: 10917519 DOI: 10.1038/35018642]

3 Theise ND, Badve 5, Saxena R, Henegariu O, Sell S, Craw-
ford JM, Krause DS. Derivation of hepatocytes from bone
marrow cells in mice after radiation-induced myeloablation.
Hepatology 2000; 31: 235-240 [PMID: 10613752 DOI: 10.1002/
hep.510310135]

4 Theise ND, Nimmakayalu M, Gardner R, Illei PB, Morgan G,

December 26,2013 | Volume 3 | Issue4 |



10

11

12

13

14

15

16

17

&

b
Raishideng®

Saito T et al. Bone marrow infusion for cirrhosis

Teperman L, Henegariu O, Krause DS. Liver from bone mar-
row in humans. Hepatology 2000; 32: 11-16 [PMID: 10869283
DOI: 10.1053/jhep.2000.9124]

Jiang Y, Jahagirdar BN, Reinhardt RL, Schwartz RE, Keene
CD, Ortiz-Gonzalez XR, Reyes M, Lenvik T, Lund T, Black-
stad M, Du J, Aldrich S, Lisberg A, Low WC, Largaespada
DA, Verfaillie CM. Pluripotency of mesenchymal stem cells
derived from adult marrow. Nature 2002; 418: 41-49 [PMID:
12077603 DOI: 10.1038 /nature00870]

Schwartz RE, Reyes M, Koodie L, Jiang Y, Blackstad M,
Lund T, Lenvik T, Johnson S, Hu WS, Verfaillie CM. Multi-
potent adult progenitor cells from bone marrow differentiate
into functional hepatocyte-like cells. | Clin Invest 2002; 109:
1291-1302 [PMID: 12021244]

Oh SH, Miyazaki M, Kouchi H, Inoue Y, Sakaguchi M, Tsuji
T, Shima N, Higashio K, Namba M. Hepatocyte growth
factor induces differentiation of adult rat bone marrow
cells into a hepatocyte lineage in vitro. Biochem Biophys Res
Commun 2000; 279: 500-504 [PMID: 11118315 DOI: 10.1006/
bbrc.2000.3985]

Avital I, Inderbitzin D, Aoki T, Tyan DB, Cohen AH, Fer-
raresso C, Rozga J, Arnaout WS, Demetriou AA. Isolation,
characterization, and transplantation of bone marrow-
derived hepatocyte stem cells. Biochem Biophys Res Com-
mun 2001; 288: 156-164 [PMID: 11594767 DOI: 10.1006/
bbrc.2001.5712]

Okumoto K, Saito T, Hattori E, Ito JI, Adachi T, Takeda T,
Sugahara K, Watanabe H, Saito K, Togashi H, Kawata S. Dif-
ferentiation of bone marrow cells into cells that express liver-
specific genes in vitro: implication of the Notch signals in dif-
ferentiation. Biochem Biophys Res Commun 2003; 304: 691-695
[PMID: 12727209 DOI: 10.1016/50006-291X(03)00637-5]
Miyazaki M, Akiyama I, Sakaguchi M, Nakashima E, Okada
M, Kataoka K, Huh NH. Improved conditions to induce
hepatocytes from rat bone marrow cells in culture. Biochem
Biophys Res Commun 2002; 298: 24-30 [PMID: 12379214 DOL:
10.1016/S0006-291X(02)02340-9]

Okumoto K, Saito T, Hattori E, Ito JI, Suzuki A, Misawa K,
Ishii R, Karasawa T, Haga H, Sanjo M, Takeda T, Sugahara
K, Saito K, Togashi H, Kawata S. Differentiation of rat bone
marrow cells cultured on artificial basement membrane
containing extracellular matrix into a liver cell lineage. |
Hepatol 2005; 43: 110-116 [PMID: 15893847 DOI: 10.1016/
jjhep.2005.01.037]

Mitaka T. Hepatic stem cells: from bone marrow cells to he-
patocytes. Biochem Biophys Res Contmun 2001; 281: 1-5 [PMID:
11178951 DOI: 10.1006/ bbrc.2001.4270]

Faris RA, Konkin T, Halpert G. Liver stem cells: a potential
source of hepatocytes for the treatment of human liver dis-
ease. Artif Organs 2001; 25: 513-521 [PMID: 11493271 DOL:
10.1046/}.1525-1594.2001.025007513.x]

Forbes S, Vig P, Poulsom R, Thomas H, Alison M. Hepatic
stem cells. ] Pathol 2002; 197: 510-518 [PMID: 12115866 DOI:
10.1002/ path.1163]

Hakamata Y, Tahara K, Uchida H, Sakuma Y, Nakamura
M, Kume A, Murakami T, Takahashi M, Takahashi R, Hi-
rabayashi M, Ueda M, Miyoshi I, Kasai N, Kobayashi E.
Green fluorescent protein-transgenic rat: a tool for organ
transplantation research. Biochem Biophys Res Commun 2001;
286: 779-785 [PMID: 11520065 DOI: 10.1006/bbrc.2001.5452]
Okumoto K, Saito T, Hattori E, Ito JI, Suzuki A, Misawa
K, Sanjyo M, Takeda T, Sugahara K, Saito K, Togashi H,
Kawata S. Expression of Notch signalling markers in bone
marrow cells that differentiate into a liver cell lineage in a rat
transplant model. Hepatol Res 2005; 31: 7-12 [PMID: 15652464
DOI: 10.1016/j.hepres.2004.11.005]

Petersen BE, Zajac VF, Michalopoulos GK. Hepatic oval cell
activation in response to injury following chemically induced
periportal or pericentral damage in rats. Hepatology 1998; 27:
1030-1038 [PMID: 9537443 DOI: 10.1002/hep.510270419]

WIM | www.wjgnet.com

18

19

20

21

23

24

25

26

27

28

29

30

31

Sekhon 88, Tan X, Micsenyi A, Bowen WC, Monga SP. Fi-
broblast growth factor enriches the embryonic liver cultures
for hepatic progenitors. Am | Pathol 2004; 164: 2229-2240
[PMID: 15161655 DOI: 10.1016/50002-9440(10)63779-0]
Lange C, Bassler P, Lioznov MV, Bruns H, Kluth D, Zander
AR, Fiegel HC. Hepatocytic gene expression in cultured rat
mesenchymal stem cells. Transplant Proc 2005; 37: 276-279
[PMID: 15808618 DOI: 10.1016/j.transproceed.2004.11.087]
Okumoto K, Saito T, Haga H, Hattori E, Ishii R, Karasawa
T, Suzuki A, Misawa K, Sanjo M, Ito JI, Sugahara K, Saito
K, Togashi H, Kawata S. Characteristics of rat bone marrow
cells differentiated into a liver cell lineage and dynamics of
the transplanted cells in the injured liver. | Gastroenterol 2006;
41: 62-69 [PMID: 16501859 DOI: 10.1007 /500535-005-1723-8]
Tsubouchi H, Kawakami S, Hirono S, Miyazaki H, Kimoto
M, Arima T, Sekiyama K, Yoshiba M, Arakaki N, Daikuhara
Y. Prediction of outcome in fulminant hepatic failure by se-
rum human hepatocyte growth factor. Lancet 1992; 340: 307
[PMID: 1353217 DOI: 10.1016/0140-6736(92)92396-W]

Mabher JJ. Cell-specific expression of hepatocyte growth fac-
tor in liver. Upregulation in sinusoidal endothelial cells after
carbon tetrachloride. | Clin Invest 1993; 91: 2244-2252 [PMID:
7683700 DOI: 10.1172/JCI116451]

Sakaida I, Terai S, Yamamoto N, Aoyama K, Ishikawa T,
Nishina H, Okita K. Transplantation of bone marrow cells
reduces CCl4-induced liver fibrosis in mice. Hepatology 2004;
40: 1304-1311 [PMID: 15565662 DOI: 10.1002/ hep.20452]
Terai S, Sakaida I, Yamamoto N, Omori K, Watanabe T,
Ohata S, Katada T, Miyamoto K, Shinoda K, Nishina H, Ok-
ita K. An in vivo model for monitoring trans-differentiation
of bone marrow cells into functional hepatocytes. | Biochem
2003; 134: 551-558 [PMID: 14607982 DOI: 10.1093/jb/
mvgl73]

Haraguchi T, Tani K, Koga M, Oda Y, Itamoto K, Yamamoto
N, Terai S, Sakaida I, Nakazawa H, Taura Y. Matrix metallo-
proteinases (MMPs) activity in cultured canine bone marrow
stromal cells (BMSCs). | Vet Med Sci 2012; 74: 633-636 [PMID:
22167104 DOI: 10.1292/jvms.11-0395]

Ishikawa T, Terai S, Urata Y, Marumoto Y, Aoyama K,
Sakaida I, Murata T, Nishina H, Shinoda K, Uchimura S,
Hamamoto Y, Okita K. Fibroblast growth factor 2 facilitates
the differentiation of transplanted bone marrow cells into he-
patocytes. Cell Tissue Res 2006; 323: 221-231 [PMID: 16228231
DOI: 10.1007 /s00441-005-0077-0]

Yokoyama Y, Terai S, Ishikawa T, Aoyama K, Urata Y,
Marumoto Y, Nishina H, Nakamura K, Okita K, Sakaida I.
Proteomic analysis of serum marker proteins in recipient
mice with liver cirrhosis after bone marrow cell transplanta-
tion. Proteomics 2006; 6: 2564-2570 [PMID: 16548057 DOI:
10.1002/ pmic.200500018]

Ishikawa T, Terai S, Urata Y, Marumoto Y, Aoyama K,
Murata T, Mizunaga Y, Yamamoto N, Nishina H, Shinoda
K, Sakaida I. Administration of fibroblast growth factor 2 in
combination with bone marrow transplantation synergisti-
cally improves carbon-tetrachloride-induced liver fibrosis in
mice. Cell Tissue Res 2007; 327: 463-470 [PMID: 17093919 DOI:
10.1007 / s00441-006-0334-x]

Shiota G, Kunisada T, Oyama K, Udagawa A, Nomi T,
Tanaka K, Tsutsumi A, Isono M, Nakamura T, Hamada H,
Sakatani T, Sell S, Sato K, Ito H, Kawasaki H. In vivo transfer
of hepatocyte growth factor gene accelerates proliferation of
hepatic oval cells in a 2-acetylaminofluorene/ partial hepa-
tectomy model in rats. FEBS Lett 2000; 470: 325-330 [PMID:
10745090 DOI: 10.1016/50014-5793(00)01337-5]

Hu Z, Evarts RP, Fujio K, Marsden ER, Thorgeirsson SS. Ex-
pression of hepatocyte growth factor and c-met genes during
hepatic differentiation and liver development in the rat. Am |
Pathol 1993; 142: 1823-1830 [PMID: 8506951]

Haga H, Saito T, Okumoto K, Ugajin S, Sato C, Ishii R,
Nishise Y, Ito J, Watanabe H, Saito K, Togashi H, Kawata S.

December 26,2013 | Volume 3 | Issue 4 |



32

33

34

35

36

37

38

&

T
Brishideng®

Enhanced expression of fibroblast growth factor 2 in bone
marrow cells and its potential role in the differentiation of
hepatic epithelial stem-like cells into the hepatocyte lineage.
Cell Tissue Res 2011; 343: 371-378 [PMID: 21152936 DOIL
10.1007/500441-010-1093-2]

Lyra AC, Soares MB, da Silva LF, Fortes MF, Silva AG, Mota
AC, Oliveira SA, Braga EL, de Carvalho WA, Genser B, dos
Santos RR, Lyra LG. Feasibility and safety of autologous
bone marrow mononuclear cell transplantation in patients
with advanced chronic liver disease. World | Gastroenterol
2007; 13: 1067-1073 [PMID: 17373741]

Mohamadnejad M, Namiri M, Bagheri M, Hashemi SM,
Ghanaati H, Zare Mehrjardi N, Kazemi Ashtiani S, Malekza-
deh R, Baharvand H. Phase 1 human trial of autologous bone
marrow-hematopoietic stem cell transplantation in patients
with decompensated cirrhosis. World | Gastroenterol 2007; 13:
3359-3363 [PMID: 17659676]

Gordon MY, Levicar N, Pai M, Bachellier P, Dimarakis I, Al-
Allaf F, M'Hamdi H, Thalji T, Welsh JP, Marley SB, Davies
J, Dazzi F, Marelli-Berg F, Tait P, Playford R, Jiao L, Jensen
S, Nicholls JP, Ayav A, Nohandani M, Farzaneh F, Gaken
J, Dodge R, Alison M, Apperley JF, Lechler R, Habib NA.
Characterization and clinical application of human CD34+
stem/ progenitor cell populations mobilized into the blood
by granulocyte colony-stimulating factor. Stem Cells 2006; 24:
1822-1830 [PMID: 16556705]

Pai M, Zacharoulis D, Milicevic MN, Helmy S, Jiao LR,
Levicar N, Tait P, Scott M, Marley SB, Jestice K, Glibetic M,
Bansi D, Khan SA, Kyriakou D, Rountas C, Thillainayagam
A, Nicholls JP, Jensen S, Apperley JF, Gordon MY, Habib
NA. Autologous infusion of expanded mobilized adult bone
marrow-derived CD34+ cells into patients with alcoholic
liver cirrhosis. Am | Gastroenterol 2008; 103: 1952-1958 [PMID:
18637092 DOI: 10.1111/§.1572-0241.2008.01993.x]

Han Y, Yan L, Han G, Zhou X, Hong L, Yin Z, Zhang X,
Wang S, Wang J, Sun A, Liu Z, Xie H, Wu K, Ding J, Fan D.
Controlled trials in hepatitis B virus-related decompensate
liver cirrhosis: peripheral blood monocyte transplant versus
granulocyte-colony-stimulating factor mobilization therapy.
Cytotherapy 2008; 10: 390-396 [PMID: 18574771 DOI: 10.1080/
14653240802129901]

Peng L, Xie DY, Lin BL, Liu J, Zhu HP, Xie C, Zheng YB,
Gao ZL. Autologous bone marrow mesenchymal stem cell
transplantation in liver failure patients caused by hepatitis
B: short-term and long-term outcomes. Hepatology 2011; 54:
820-828 [PMID: 21608000 DOL: 10.1002/hep.24434]
Mohamadnejad M, Alimoghaddam K, Mohyeddin-Bonab
M, Bagheri M, Bashtar M, Ghanaati H, Baharvand H, Gha-
vamzadeh A, Malekzadeh R. Phase 1 trial of autologous
bone marrow mesenchymal stem cell transplantation in
patients with decompensated liver cirrhosis. Arch Iran Med
2007; 10: 459-466 [PMID: 17903050]

WIM | www.wjgnet.com

39

40

41

42

43

45

46

47

Saito T et al. Bone marrow infusion for cirrhosis

Kharaziha P, Hellstrom PM, Noorinayer B, Farzaneh F,
Aghajani K, Jafari F, Telkabadi M, Atashi A, Honardoost
M, Zali MR, Soleimani M. Improvement of liver function in
liver cirrhosis patients after autologous mesenchymal stem
cell injection: a phase I-II clinical trial. Eur | Gastroenterol
Hepatol 2009; 21: 1199-1205 [PMID: 19455046 DOI: 10.1097/
MEG.0b013e32832a1f6c]

Amer ME, El-Sayed SZ, El-Kheir WA, Gabr H, Gomaa AA,
El-Noomani N, Hegazy M. Clinical and laboratory evalua-
tion of patients with end-stage liver cell failure injected with
bone marrow-derived hepatocyte-like cells. Eur | Gastroenter-
ol Hepatol 2011; 23: 936-941 [PMID: 21900788 DOI: 10.1097/
MEG.0b013e3283488b00]

am Esch JS, Knoefel WT, Klein M, Ghodsizad A, Fuerst G,
Poll LW, Piechaczek C, Burchardt ER, Feifel N, Stoldt V,
Stockschldder M, Stoecklein N, Tustas RY, Eisenberger CF,
Peiper M, Haussinger D, Hosch SB. Portal application of
autologous CD133+ bone marrow cells to the liver: a novel
concept to support hepatic regeneration. Stem Cells 2005; 23:
463-470 [PMID: 15790766]

Terai S, Ishikawa T, Omori K, Aoyama K, Marumoto Y, Ura-
ta Y, Yokoyama Y, Uchida K, Yamasaki T, Fujii Y, Okita K,
Sakaida I. Improved liver function in patients with liver cir-
rhosis after autologous bone marrow cell infusion therapy.
Stem Cells 2006; 24: 2292-2298 [PMID: 16778155]

Kim JK, Park YN, Kim JS, Park MS, Paik YH, Seok JY,
Chung YE, Kim HO, Kim KS, Ahn SH, Kim do Y, Kim MJ,
Lee KS, Chon CY, Kim SJ, Terai S, Sakaida I, Han KH. Au-
tologous bone marrow infusion activates the progenitor cell
compartment in patients with advanced liver cirrhosis. Cell
Transplant 2010; 19: 1237-1246 [PMID: 20525430 DOI: 10.3727
/096368910X506863]

Saito T, Okumoto K, Haga H, Nishise Y, Ishii R, Sato C,
Watanabe H, Okada A, Ikeda M, Togashi H, Ishikawa T,
Terai S, Sakaida I, Kawata S. Potential therapeutic applica-
tion of intravenous autologous bone marrow infusion in pa-
tients with alcoholic liver cirrhosis. Stem Cells Dev 2011; 20:
1503-1510 [PMID: 21417817 DOI: 10.1089/5cd.2011.0074]
Kallis YN, Alison MR, Forbes SJ. Bone marrow stem cells
and liver disease. Gut 2007; 56: 716-724 [PMID: 17145739]
Lorenzini S, Andreone P. Stem cell therapy for human liver
cirrhosis: a cautious analysis of the results. Stem Cells 2007;
25: 2383-2384 [PMID: 17540855]

Terai S, Tanimoto H, Maeda M, Zaitsu J, Hisanaga T, Iwa-
moto T, Fujisawa K, Mizunaga Y, Matsumoto T, Urata Y,
Marumoto Y, Hidaka I, Ishikawa T, Yokoyama Y, Aoyama
K, Tsuchiya M, Takami T, Omori K, Yamamoto N, Segawa
M, Uchida K, Yamasaki T, Okita K, Sakaida I. Timeline for
development of autologous bone marrow infusion (ABMi)
therapy and perspective for future stem cell therapy. | Gas-
troenterol 2012; 47: 491-497 [PMID: 22488349 DOI: 10.1007/
s00535-012-0580-5]

P- Reviewers: Akyuz U, Bayraktar Y, Invernizzi P
S- Editor: Gou SX L~ Editor: A E- Editor: Lu YJ

December 26, 2013 | Volume 3 | Issue4 |



World Journal of
Gastroenterology

Online Submissions: http:/ /www.wjgnet.com/esps/
wjg@wijgnet.com
doi:10.3748 /wjg.v19.i41.6957

World ] Gastroenterol 2013 November 7; 19(41): 6957-6961
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.

WJG 20™ Anniversary Special Issues (2): Hepatitis € virus
Transmission of hepatitis C virus: Self-limiting hepatitis or
chronic hepatitis?

Takafumi Saito, Yoshiyuki Ueno

Takafumi Saito, Yoshiyuki Ueno, Department of Gastroen-
terology, Yamagata University School of Medicine, Yamagata
990-9585, Japan

Author contributions: Saito T and Ueno Y contributed equally
to this paper.

Correspondence to: Takafumi Saito, MD, Associate Pro-
fessor, Department of Gastroenterology, Yamagata University
School of Medicine, lida-nishi 2-2-2, Yamagata 990-9585,

Japan. tasaitoh@med.id.yamagata-u.ac.jp

Telephone: +81-23-6285309 Fax: +81-23-6285311

Received: September 3, 2013 Revised: October 2, 2013
Accepted: October 13, 2013

Published online: November 7, 2013

Abstract

It has been suggested that hepatitis C virus (HCV) is
selectively transmitted to a new host as an infectious
clone from multiple HCV variants (quasispecies) in the
donor. Most individuals with HCV infection develop
chronic hepatitis, but approximately 15%-40% of
them clear the virus spontaneously and the hepatitis
is resolved in a self-limiting manner in the acute phase
of infection. This difference in the outcome of acute
hepatitis C is attributable to both viral characteristics
and genetic regulation of infection. In particular, the
evolutionary dynamics of the infecting virus and host
genetic polymorphisms pertaining mainly to the im-
mune system, including polymorphisms in the region of
the Interleukin 28B gene encoding interferon-A-3, are
associated with susceptibility to HCV infection.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Hepatitis C; Spontaneous clearance;
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INTRODUCTION

Hepatitis C virus (HCV) infection is a major threat to
public health, and about 170 million people are estimated
to be infected worldwide with a potential risk of }i)rogres—
sion to cirrhosis and hepatocellular carcinoma™?. This
review summarizes the two current topics of HCV study:
the transmission mode of HCV with multiple variants
(quasispecies) and the factors associated with susceptibil-
ity to HCV infection, with special reference to viral chat-
acteristics and host genetic variation.

MODE OF HCV TRANSMISSION: HOW
IS HCV WITH MULTIPLE VARIANTS
TRANSMITTED?

HCV shows significant genetic heterogeneity among iso-
lates, and the degree of variability is unevenly distributed
throughout the viral genome: some regions are conserved
and some are highly variable™. In particular, the hyper-

November 7, 2013 | Volume 19 | Issue 41 |



Saito T et a/. Transmission of hepatitis ¢ virus

variable region 1 (HVR1) of the HC1” E2 gene encod-
ing a putative envelope glycoprotein mutates at a high
rate, resulting in a wide spectrum of mutants referred to
as “quasispecies” during infection™, Some virions may
contain defective RNA genomes, which also affect the
infectivity and replicability of the virus'”. The mixture of
clones present determines the biological and immuno-
logical properties of the virus.

How is HCV with multiple variants (quasispecies)
transmitted to the new host? Does the status of transmit-
ted HCV consist of multiple clones or a selected single
clone? The transmission mode of HCV has been investi-
gated by sequencing of the recovered viral genome from
both donor and recipient™. HCV infection in human
communities has occurred sporadically because no ef-
fective neutralizing vaccine against HCV has been devel-
oped. In particular, HCV infection in health-care workers
through exposure to patient’s blood due to a needle stick
accident or accidental droplet transmission is a serious
problem®” . We previously reported a case of HCV in-
fection resulting from a needle stick accident, and had an
opportunity to investigate how HCV variants from the
donor are transmitted to the recipient by comparing the
HCV HVRI1 genome encoding the envelope E2 protein
recovered from the serum of both the donor and recipi-
ent”. In this case, we had observed the recipient before
the onset of hepatitis and collected serum samples after
obtaining informed consent. Thus, we were able to com-
pare the HCV HVR1 genome between the donor’s HCV
at inoculation and the recipient’s HCV just after onset of
viremia. Interestingly, a minor subset of the donor’s HCV
clones was selectively transmitted to the recipient, and
this selection determined the predominant clone in the
new host. Several clones that appeared to stem from the
recipient’s predominant clone had one amino acid change
within the HVR1 region during this short period. This
particular case progressed to chronic hepatitis, and the
same phenomenon has been demonstrated in the case
of acute, self-limiting hepatitis™. These data suggest that
a minor clone of the donor’s HCV is transmitted and
adapts to the new host. The precise mechanism of this
vital selection in the initial phase of transmission has not
been elucidated.

The simplicity of the transmitted viral strain in the
initial phase of infection may explain some of the im-
portant clinical manifestations. Anti-viral therapy using
interferon elicits a favorable response in the acute phase
of HCV infection"". In addition, if a single strain is
transmitted selectively in the initial phase of infection,
this specific strain may be one of the factors determining
disease activity. In fact, a study using a model of HCV
transmission has demonstrated that a specific HCV strain
recovered from a patient with fulminant hepatitis caused
unusually severe hepatitis in a chimpanzee to which it was
transmitted’ . At present, the specific strain of HCV re-
sponsible for progressive liver disease cannot be discrimi-
nated from viral quasispecies in contaminated blood.
Further investigation would be useful for clarifying the
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specific viral strain responsible for the disease, and such
efforts would be important for planning future strategies
for the development of an effective therapeutic vaccine.

SELF-LIMITING HEPATITIS OR CHRONIC
HEPATITIS? HOW IS SUSCEPTIBILITY TO
HCV DETERMINED?

The spontaneous clearance rate of HCV in the acute
phase of infection

Most individuals with HCV infection fail to clear the virus
and develop chronic hepatitis with a risk of progression
to cirrhosis and hepatocellular carcinoma. However, a
small proportion of individuals are known to show reso-
lution of the infection in a self-limiting manner. The rate
of spontaneous viral clearance in acute HCV infection
is reported to be approximately 15%-40% of all HCV-
infected individuals"®*". Although differences in study
populations such as race may influence the clearance rate
in each cohortt, a systematic review of 31 studies has esti-
mated this rate to be 26%™". We have previously reported
a Japanese population-based cohort study of the natural
history of HCV infection in an area where community-
acquited acute hepatitis C is endemic; here, the spontane-
ous viral clearance rate was estimated to be approximately
20%"*", What is the difference between self-limiting
resolution of hepatitis and progression to chronic hepa-
titis? Comparative studies of this issue have focused on
both viral characteristics and genetic regulation.

Viral characteristics influencing the outcome of acute
hepatitis C

After the establishment of HCV infection, the viral ge-
nome mutates at a high rate, especially in the HVR1 of
the HCV E2 region. The evolutionary dynamics of the
infected virus are associated with the outcome of acute
hepatitis C; genetic stasis and a high rate of evolution of
HCV HVR1 are associated with resolution of infection
in self-limiting hepatitis and progtession to chronic infec-
tion, respectively™. The case we experienced progressed
to chronic infection and 8 of 30 homogencously pre-
dominant HCV HVRI1 clones recovered from the recipi-
ent developed one amino acid mutation within this region
during a short period of only 6 wk after infection”. As
for the relationship between the viral load at the time of
infection and the outcome of acute HCV infection, a
recent study has shown that a high viral load in the initial
phase of infection is associated with spontaneous viral
clearance, leading to self-limiting resolution of hepati-
tis™. A high viral load may trigger strong innate immuni-
ty in the acute phase. However, it has also been reported
that viral clearance may occur after a low infectious dose
of HCV has been transmitted®”, In addition, spontane-
ous viral clearance rarely occurs in the chronic phase of
HCV infection where a low viral load is associated with
spontaneous clearance™. The spontaneous clearance of
HCV may thus depend on the immune system of indi-
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viduals rather than the viral load. Further studies using
a greater number of cohorts are needed to clarify the
relationship between spontaneous viral clearance and the
initial viral load, as well as the degree of induction of the
innate immune response.

Genetic regulation of HCV infection

HCV-specific humoral and cellular immune responses
are detectable in infected individuals, and a strong im-
mune tresponse against HCV favors viral clearance®.
Genetic variation in host genes involved in immune re-
sponse is likely to account for the difference in outcome.
In particular, induction of natural killer (NK) cells in
the innate immune response during the acute phase of
infection plays a crucial role in resolving HCV infection.
We have previously reported differences in genetic vatia-
tions between HCV-infected individuals with and with-
out viremia in the Japanese population”, where a single
aucleotide polymorphism (SNP) of transforming growth
factor (TGF)-B1, which suppresses the proliferation and
cytotoxicity of NK cells (the -509CC genotype or -509C
allele), was associated with high HCV clearance rates
and low transcriptional activity of TGEF-B1%. The killer
cell immunoglobulin-like receptor (IKIR) and its human
leukocyte antigen (HLA) have been reported to influence
the outcome of HCV infection. Combinations of geno-
types involving genes encoding the inhibitory NI cell
receptor KIR2D1.3 and HLA-C1 ligand directly influence
HCYV clearance in Caucasians and African Americans
with an expected low infectious dose of HCV™. These
data suggest that a diminished inhibitory effect of NK
cells resulting from such gene regulation confers protec-
tion against HCV.

In a recent genome-wide association study, SNPs in
the region of the Intetleukin 28B (IL.28B) gene encoding
interferon-A-3 were shown to be closely associated with
the virologic response of HCV to antiviral therapy™ "
Patients carrying an IL.28B homozygote for the major
alleles of 1512979860 (CC genotype)[z()] or rs8099917
(TT genotype)m show a greater propensity to achieve a
sustained virologic response to pegylated interferon-a
and tibavitin therapy than those carrying an IL28B het-
erozygote or homozygote for its minor allele. This SNP
(£s12979860) also influences the outcome of HCV infec-
tion in the context of natural history; the CC genotype
enhances resolution of HCV infection with spontaneous
clearance among individuals of European and African an-
cestry” . This CC genotype has also been reported to be
associated with a higher rate of spontaneous clearance in
Asian populations”™. In addition, a recent study has dem-
onstrated that SNPs in the region of IL28B (rs12979860)
and HLA class T (£s4273729) ate independently associ-
ated with spontaneous resolution of HCV infection in
individuals of European and African ancestry™?. A pro-
spective follow-up study of patients who developed acute

hepatitis C also revealed a strong correlation between the

IL.28B C allele at 1512979860 and clearance™. Taken to-
gether, the SNP of IL28B (£s12979860) can be a marker
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HCV donor

Selective transmission
of infectious clone

HCV recipient

Host: IL28B genotype
*Homozygous favorable type or
other unfavorable types

|

Persistent infection
60%-85%

Viral genome
*Stasis or evolution

*Spontaneous clearance
15%-40%

Self-limiting hepatitis

Chronic hepatitis

Figure 1 Transmission of hepatitis C virus, and the significance of viral
and host factors for predicting the outcome of infection. HCV: Hepatitis C
virus; IL28B: Interleukin 28B.

for indicating whether immediate antiviral treatment
needs to be started in patients with acute hepatitis C™.
Recently, upstream of the IL28B gene, a dinucleotide
variant $s469415590 (ITT or AG), in which ss469415590
(AG) activates the IFNLA4 gene encoding interferon-A-4
protein through a genome frameshift, has been reported
to be more strongly associated with HCV clearance in
individuals of African ancestry than the SNP of IL.28B
(£s12979860), but comparable to that in Europeans and
Asians®™. This variant is in high linkage disequilibrium
with £512979860, and further investigations are expected
to elucidate the functional role of $s469415590 (AG) that
activates the IFINL# gene in association with the innate
immune response to HCV.

CONCLUSION

Both the viral characteristics of an infecting clone and
genetic regulation of infection by the host determine dif-
ferences in the outcome of acute HCV infection (Figure
1). The evolutionary dynamics of the virus and genetic
polymotphisms in the host pertaining mainly to the im-
mune system influence susceptibility to HCV. In particu-
lar, the discovety of SNPs in the region of the IL.28B
gene has led to the characterization of a novel genetic
marker of hepatitis C that is able to predict self-limiting
viral clearance in the acute phase of infection as well as
the response to antiviral therapy.
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Abstract Chronic active Epstein—Barr virus infection
(CAEBV) can be manifested in a variety of systemic
conditions, including interstitial pneumonia, malignant
lymphoma, and coronary aneurysm. Sometimes it may be
associated with hepatic failure, although the mechanism
underlying CAEBV-related hepatotoxicity = remains
unclear. We encountered a case of autoimmune hepatitis
(AIH) associated with CAEBV. A 61-year-old male was
referred to our hospital because of abnormal liver enzyme
levels after initial diagnosis of CAEBV had been made by
laboratory tests and liver biopsy. On admission, positivity
for anti-nuclear antibody was evident, and examination of
the liver biopsy specimen showed findings compatible with
ATH. Steroid administration was initiated, and the liver
function parameters subsequently improved. Although
phenotypic changes in liver biopsy specimens are rare in
this condition, the present case could provide clues to the
possible pathogenesis of AIH.
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Introduction

Chronic active Epstein—Barr virus infection (CAEBV) is a
rare condition producing chronic or repeated symptoms
mimicking infectious mononucleosis (IM), and an abnormal
pattern of anti-EBV antibodies. CAEBV is also known to
demonstrate a variety of clinical symptoms, possibly due to an
abnormal lymphoproliferative reaction [1]. Accumulation of
reported cases has suggested that the prognosis of CAEBV is
worse than was originally considered [2, 3]. Although the
pathogenesis of CAEBV remains mostly unclear, the source
of the EBV-infected cells, and whether they are T cells or
natural killer cells appear to be determinants of outcome [4].
CAEBYV can cause various forms of liver injury, ranging from
simple liver enzyme abnormality to hepatic failure {5].

Autoimmune hepatitis (AIH) is a classical autoimmune
liver disease with characteristic clinical manifestations
including a female predominance, presence of autoanti-
bodies (especially anti-nuclear antibody; ANA) and hyper-
immunoglobulinemia. AIH sometimes presents as an acute
form, in which ANA is frequently negative and serum
immunoglobulin (Ig) G levels are normal. As is the case for
other autoimmune liver diseases, the pathogenesis of AIH
is unknown. However, there are a number of possible
factors involved in initiation of the abnormal autoimmune
reaction in AIH, including a genetic predisposition to
exogenous infections.

Here we report a case of AIH that was possibly induced
by CAEBV.

Case report

A 61-year-old male was referred to our hospital because of
persistent liver enzyme abnormalities and general fatigue.
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Fig. 1 Initial liver biopsy revealed mononuclear cell infiltration in
the sinusoids, suggesting changes after EBV infection

Table 1 Laboratory tests on admission to our hospital

T-Bil
D-Bil
AST
ALT
LDH
GGTP
ALP
TP
Alb
BUN
Crea
Na

K

Cl
CRP
1eG
IgA
IeM
AFP

(Urine)
pH
Sugar
Protein
Blood
Keton
Bilirubin

2.7 mg/dL
1.7 mg/dL
696 TU/L
634 TU/L
400 IU/L
312 TU/L
366 TU/L
7.9 g/dL
3.8 g/dL

11 mg/dL
0.54 mg/dL
140 mEq/L
4.2 mEq/L
104 mEqg/L
0.84 mg/dL
2,440 mg/dL
331 mg/dL
107 mg/dL
50.6 ng/mL

6.0

1+

Bone marrow: no atypical

cell, no hemophagocytosis

WBC

Neut

Lymph

Mono

Eosino

Baso

RBC

Hb

Platelets

PT (%)

T-cho

TG

HbAlc

HBsAg

HBsAb

HBcADb

IgM HAAD
IgM HBcADb
HCV Ab

HIV Ab

ANA Ab
Anti-LKM Ab
Anti M2 Ab
EBV VCA IgM
EBV VCA IgG
EBNA

EB EA-DR IgG
EB EA-DR IgA
EBV DNA (PCR)*
sIL-2 receptor

3.50 x 10*/uL
58.3 %

30.5 %

6.0 %

33 %

1.9 %

3.80 x 10%/uL
12.4 g/dL
128,000/uL
93 %

172 mg/dL
283 mg/dL
4.6 %
Negative
Negative
Negative
Negative
Negative
Negative
Negative
%320
Negative

<5.0 Negative
Negative
x2,560

x 160

%20

<x10

1.3 x 10% copy
1,300 TU/mL

* EBV monoclonality was negative

Fig. 2 Hypo-enhanced area reflecting periportal edema and presence
of mild hepatosplenomegaly were noted by enhanced abdominal CT
scan

His medical history was unremarkable except for rhinosi-
nusitis at 20 years of age and hyperuricemia at 54 years of
age. The clinical history of allergy for insect bite was
negative. His family history included colon cancer in the
father and essential hypertension in the mother. He had
been a non-smoker and a moderate drinker (500 mL of
beer per day). In December 2010, he had felt general
fatigue and visited his family practitioner. Symptoms such
as lymphadenopathy and fever were negative except for
persistent general fatigue. Clinical laboratory tests revealed
liver enzyme abnormalities, and the patient was referred to
the community hospital, where CAEBV was initially sus-
pected on the basis of positive peripheral blood EBV DNA
with 1.8 x 10* copies/10° cells (normal limit <2.0 x 10"
copies/ 10° cells, by real-time polymerase chain reaction;
PCR) [6]. Liver biopsy was performed, and the findings
were consistent with liver injury associated with CAEBV
(Fig. 1), mainly non-specific mononuclear cell infiltration
of the hepatic sinusoids. However, the patient’s liver
enzymes persistently fluctuated, and therefore he was
referred to our hospital in May 2011. Physical examination
on admission showed a height of 170.0 cm, body weight
65 kg, body temperature 36.3 °C, blood pressure
124/79 mmHg, clear consciousness, icteric conjunctiva,
and hepatomegaly palpable for 2 finger breadths without
splenomegaly. No systemic lymph node swelling was
evident. The results of laboratory tests on admission are
shown in Table 1—these included an elevated transami-
nase level, a high IgG level, elevated ANA titers (80x to
320x), and a high titer of EBV viral capsid antigen (VCA)
IgG. We could not perform HLA-DR genotyping assay
with the patient. Imaging (contrast-enhanced computed
tomography; CT) revealed a hypo-enhanced area possibly
reflecting periportal edema, and mild hepatosplenomegaly
(Fig. 2). Positive EBV DNA (1.3 x 10° copies/10°cells) in
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peripheral blood on admission strongly suggested the pre-
sence of persistent CAEBV. However, in view of the
increased titer of ANA, we performed a second liver
biopsy, which revealed fibrous enlargement of the portal
area, presence of interfacial hepatitis, and plasma cell-
predominant infiltration, thus supporting a diagnosis of
AIH (Fig. 3). With regard to the diagnosis of AIH, appli-
cation of two scoring systems—(1) revised scoring system
formulated in 1999 [7] scored 12 points, and (2) simplified
criteria for the international ATH guidelines [8] scored 6
points—suggested probable AIH with the present case. The

Fig. 3 A second liver biopsy at our hospital before steroid therapy
demonstrated fibrotic periportal enlargement, interface hepatitis, and
plasma cell infiltration. EBV DNA was positive in the tissue by
qualitative PCR assay. x200 (lower panel x400)

tissue was positive for EBV DNA by PCR qualitative assay
(detection limit 2.0 x 10' copies/1.0 x 10° cells equiva-
lent DNA), whereas both the latent membrane protein 1
and EBV-encoded RNA in situ hybridization were nega-
tive. Considering the findings of liver biopsy and serolog-
ical changes, we started steroid administration at 30 mg/
day. The dose of steroid was gradually tapered, and the
results of serum laboratory tests (alanine aminotransferase
[ALT] and IgG levels) improved accordingly. Moreover,
the amount of peripheral blood EBV DNA levels, the titers
of EBV-VCA IgG and Epstein—Barr nuclear antigen
(EBNA) decreased. After steroid administration for
6 months, the patient has remained free of signs and
symptoms (Fig. 4).

Discussion

The present case had been initially diagnosed as CAEBV.
However, the persistent liver enzyme abnormalities
prompted us to perform further examinations. Elevation of
the ANA titer from 80x (at the initial community hospital)
to 320x (at our hospital), along with the pathological
changes seen in both of the liver biopsy samples, suggested
a diagnosis of AIH, probably resulting from EBV infection.

The pathogenesis of AIH is still unknown, although
genetic factors, drug-induced autoimmunity, viral infec-
tions, and environmental factors have been thought to
trigger AIH [9, 10]. Among these triggering factors, hep-
atitis A viral infection has been reported [11, 12], although
EBYV infection appears to be rare in this context. Proposed

Fig. 4 Clinical course of the £BVIgG X 2560 2560 2560 2560 1280 1280
present case. Levels of liver EBNA %160 160 160 80 40 40
enzymes and serum IgG, EBV 186 (me/dl)
viral load, EBV IgG, EBNA ALT (1U/L) EBV {copies)
were ameliorated after steroid 900 Biopsy Biopsy - 3000
administration
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- 2500
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mechanisms responsible for inducing autoimmune reac-
tions have included the molecular mimic theory, involving
possible similarities between virus-derived exogenous
amino acid sequences and host autoantigens [13], although
the precise details remain unclear.

On the other hand, the diagnostic criteria for CAEBV
formulated by the EBV infection study group in 2003
include (1) persistent or relapsing symptoms of infectious
mononucleosis, (2) abnormal antibody reactions to EBV,
associated with an elevated titer of VCA or early antigen
(EA) antibody, or an increased EBV viral load in the
affected organ (including peripheral blood), and (3) a
chronic disease course distinct from other known diseases
[14]. In the present case, we confirmed that persistent liver
enzyme abnormalities were present for >3 months, toge-
ther with an increased EBV viral load in blood and
positive EBV-DNA in hepatic tissue. Compared to the
reported case [5], our case seems to be atypical since our
case lacked traditional high fever, lymphadenopathy, and
allergy to insect bite for CAEBV. However, our patient
was older (61 years) than the previous case (14 years) [5],
and this may be related to the reason why typical symp-
toms were missing in the current case. Our patient was
treated with prednisolone, and this led to amelioration of
the serum ALT and IgG levels, and a decline of the EBV
viral load. Antiviral drugs, cytokine therapy, immuno-
suppressive therapy, cellular transplantation, and alloge-
neic bone marrow transplantation therapy are reportedly
effective for CAEBYV, although none of them are estab-
lished forms of treatment [14]. In our case, immunosup-
pressive therapy using steroids seems to have been
effective so far, and there has been no disease flare-up for
2 years.

In conclusion, we have reported a case of AIH possibly
resulting from EBV infection. A possible diagnosis of AIH
should be considered in patients with prolonged liver
dysfunction subsequent to EBV infection.
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