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qualitative data. Receiver operating characteristic (ROC)
curve analysis was used to analyze cut-off levels of
HBcrAg concentration for prospective recurrence of hep-
atitis. Statistical analyses were performed using the SPSS
14.0 ] statistical software package (SPSS, Chicago, IL,
USA), and a P-value of less than 0.05 was considered to
be statistically significant.

RESULTS

NTY (59%) OF the 34 patients enrolled in the
present study showed reactivation of hepatitis within
12 months after discontinuing lamivudine administra-
tion, with 15 (75%) showing reactivation within
6 months. The peak serum ALT levels in the 20 reacti-
vation patients ranged from 103 to 1019 IU/L, with a
median of 308 IU/L. After lamivudine cessation, the
maximum serum HBV DNA was significantly higher
(P <0.001) in the reactivation patients (median 7.8,
25-75% range 7.4-8.1 log copy/mL) than in the non-
Teactivation patients (median 4.8, 25-75% range
-4.1-5.9 log copy/mL).

Table 1 shows a comparison of the clinical back-
grounds at the onset and completion of lamivudine
administration between the two groups of patients.
Although backgrounds were similar between the two
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groups just prior to lamivudine administration, HBcrAg
levels were significantly higher in the reactivation
patients after treatment. Both HBV DNA levels and pos-

itive rates of HBe antigen were similarly low between

the two groups. The duration of undetectable HBV DNA
before stopping lamivudine administration was also
similar (P>0.2) between the two groups (reactivation
patients, median 11 months, 25-75% Tange
8-13 months vs. non-reactivation patients, median
6 months, 25-75% range 5-13 months),

In 23 patients who were negative for HBe antigen
after treatment, HBcrAg levels were significantly higher
(P=0.011) in the reactivation patients (n = 12, median
4.81log U/mL, 25-75% range 4.0-5.0 log U/mL) than
in non-reactivation patients (n=11, median 3.0 log
U/mL, 25-75% range 2.5-4.4 log U/mL). In contrast,
levels were similar (P >0.2) between the two groups in
11 patients who were positive for HBe antigen after treat-
ment (reactivation patients n = 8, median 5.9 log U/mL,
25-75% range 5.1-6.1 log U/mL vs. non-reactivation
patients n=3, median 5.6 logU/mL, 25-75% range
2.5-8.0log U/mL).

The ability of HBcrAg concentration to predict non-
recurrence of hepatitis was analyzed using a ROC curve
(Fig. 1}, and the area under the curve was as wide as
0.764. The point at which specificity was 0.8 and sensi-

Table 1 Comparison of clinical characteristics at the onset and cessation of lamivudine administration between patients with and

without reactivation of hepatitis

Characteristics

Reactivation of hepatitis P-valuet
Positive (n = 20) Negative (n=14)

Demographics
Age (years) 44 (38-51) 50 (35-59) NS
Sex (male/female) 13/7 7]7 NS
HBV genotype (B/C) 0/16 2/9 NS

At onset of lamivudine administration
ALT (IU/mL) 103 (57-234) 211 (76-515) NS
HBeAg (positive) 12 (60%) 4 (29%) NS
HBV DNA (log copy/mL) 7.1 (6.1-8.1) 6.0 (5.3-7.4) NS
HBcrAg (log unit/mL) 6.2 (5.6-7.7) 6.4 (5.0-6.6) NS

At cessation of lamivudine administration s
Duration of lamivudine (months) 12.7 (10.4-16.3) 10.3 (6.4-17) NS
ALT (IU/mL) 30 (15-36) 21 (15-24) NS
HBeAg (positive) 8 (40%) 3 (21%) NS
HBV DNA (log copy/mL) <3.7 (<3.7-<3.7) <3.7 (<3.7-<3.7) NS
HBcrAg (log unit/mL) 4.9 (4.7-5.9) 3.2 {<3.0-4.5) 0.009

tAnalysis of continuous variables performed using Mann-Whitney U-test; analysis of dichotomous variables performed using Fisher's

exact test. Values shown as median (25-75% range) or n (%).

ALT, alanine aminotransferase; HBcrAg, hepatitis B core-related antigen; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; NS, not

significant.
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Figure 1 Receiver-operator characteristic (ROC) analysis of
hepatitis B core-related antigen (HBcrAg) concentration for.
predicting patients without risk of reactivation of hepatitis
within 12 months after halting lamivudine administration. (a)
Sensitivity (M) and specificity (A) curves according to con-

centration of HBcrAg. (b) The ROC curve with the area under
curve of 0.764.
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tivity approximately 0.8 was deemed best for halting
treatment without the risk of hepatitis recurrence. This
point corresponds to an HBarAg concentration of
4.1-4.6 log unit/mL.

DISCUSSION

THE REACTIVATION OF hepatitis following lamivu-
dine administration was defined in the present study
as an elevation of serum ALT level to more than 80 IU/L
because we sought to find a more reliable indicator
for safer discontinuation of lamivudine administration.
Under these conditions, the majority (20/34) of
patients showed reactivation of hepatitis within
12 months, as has been previously reported.>¢ HBV
DNA levels at the time of discontinuing lamivudine
were similarly low between the two groups of patients,
which is understandable as an undetectable reading typ-
ically indicates HBV remission following lamivudine
therapy. However, HBcrAg levels were significantly
higher in reactivation patients, implying that HBcrAg
level is a better marker than HBV DNA level for pre-
dicting non-reactivation of hepatitis after discontinuing
lamivudine administration especially in patients
without HBe antigen.

In this study, ROC curve analyses showed a wide
area under the curve of 0.764 in predicting the non-
reactivation of HBV with HBcrAg level. If the corre-
sponding cutoff is set at 4.5logU/mL, then both
specificity and sensitivity are as high as approximately
0.8. To obtain a higher specificity of 0.9, the cutoff
value of HBcrAg concentration should be set at
4.0 log unit/mL. In this case, the sensitivity would still
be nearly 0.6. The cutoff value of HBcrAg for predicting
the non-relapse of hepatitis in our study is a little higher
than that reported by Shinkai et al. (3.4 logU/mL)."
Because numbers of patients analyzed were small in
both studies, further studies are required to confirm the
most appropriate cutoff value. It is noteworthy that this
cutoff value may also differ among genotypes, which
have been reported to be correlated with outcome of
chronic HBV infection.'> However, as over 90% of the
patients had genotype C in this study, reactivation could
not be analyzed in relation to HBV genotypes.

The HBV is an enveloped DNA virus containing a
relaxed circular DNA genome which is converted into a
covalently closed circular DNA (cccDNA) episome in
the nucleus of infected cells and serves as transcriptional
template for the production of viral RNA."%!7 Reverse
transcription of pregenomic RNA and second-strand
DNA synthesis then occur in the cytoplasm within viral
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capsids formed by the HBV core protein. Because
lamivudine inhibits reverse transcription of pregenomic
RNA, it directly suppresses production of HBV virions,
and serum HBV DNA levels decrease rapidly after the
initiation of lamivudine administration. However,
the production of viral proteins is not suppressed by
lamivudine as this process does not include reverse tran-
scription. Furthermore, it has been reported that the
amount of cccDNA, which also serves as a template for
mRNAs, decreases quite slowly after commencement of
administration of nucleoside analogs.'** Thus, it is pos-
sible that serum HBcrAg levels reflect the cccDNA level
in hepatocytes more accurately than serum HBV DNA.
High levels of cccDNA are considered to be associated
with hepatitis reactivation because they preceed reacti-
vation of viral replication and consequent elevation of
HBV DNA level in serum.

Lamivudine has already been eliminated from first
line therapy in naive chronic hepatitis B patients due to
a higher incidence of developing resistant mutations
than new antiviral agents, such as adefovir dipivoxil and
entecavir.”’ However, the distinct characteristic of the

HBcrAg assay under lamivudine therapy that is different .

from other HBV DNA assays is that lamivudine sup-
presses production of HBV virions by inhibiting reverse
transcription of pregenomic RNA, but does not suppress
the production of viral proteins, in which reverse tran-
scription is unnecessary. Thus, it is possible that the
HBcrAg assay may also useful for patients undergoing
entecavir or adefovir dipivoxil administration because
the main mechanism of suppressing HBV replication is
similar between lamivudine and other antiviral agents.
As a considerable number of patients who started
lamivudine administration in the past are still taking
this treatment now, the present study may be valuable
for such patients when they consider changing therapies
in the future. Additionally, further studies are required
to determine whether the HBcrAg assay is indeed appli-
cable to antiviral agents other than lamivudine.

In conclusion, significant markers that can predict
reactivation of hepatitis after discontinuing lamivudine
administration are clinically valuable because the reac-
tivation of hepatitis is a fundamental problem in
lamivudine therapy. Our results suggest that patients
with an HBcrAg level of less than 4.5 log unit/mL may
stop lamivudine administration with a lower risk of
reactivation. The present study is a preliminary one
because the patients enrolled were selected retrospec-
tively without standardized criteria for stopping lamivu-
dine and the number of patients enrolled was not large;
however, the results may be valuable for patients with
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hepatitis B undergoing lamivudine therapy as such a
diagnostic marker has rarely been reported. Further
studies are required to establish the clinical significance
of the HBcrAg assay in the treatment of hepatitis B.
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Pathological analysis of oxyphilic granular hepatocytes and
hepatocellular mitochondria in chronic hepatitis C
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Aim: Oxyphilic granular hepatocyte (OGH) resutts from hepa-
tocellular changes associated with chronic hepatitis. The
histopathological significance of OGH has not been clarified.

Methods: The subjects consisted of two groups of patients
with hepatitis C: one group of patients who had undergone
liver biopsy 3.8 times on average, and were followed for
8 years on average, and one group of hepatocellular carci-
noma (HCC) patients who had undergone hepatectomy. The
following items were examined: frequency of OGH, relation-
ship between OGH and the degree of fibrosis and inflamma-
tion; amount of mitochondria in resected tissues; activity of
mitochondrial enzymes; relationship between the develop-
ment of HCC and OGH; and relationship between the duration
of infection and OGH in the post-transfusion patients.

Results: The incidence of OGH was 35.3% in liver biopsy
patients and 46.9% in resected patients. A higher stage of
fibrosis was associated with a higher frequency of OGH. Not

only OGH but also hepatocyte mitochondria in the peripheral
zone increased with the progression of fibrosis. Hepatocytes
with or without increased mitochondria were randomly dis-
tributed. The mitochondrial enzyme activity was increased
in hepatocytes with increased mitochondria. In the post-
transfusion patients, a longer duration of infection and a
higher stage of fibrosis were associated with a higher fre-
quency of OGH. A high percentage of patients with OGH
developed HCC.

Conclusion: Mitochondrial changes are important histolog-

ical findings related to the progression of liver lesions and the
possible development of HCC.

Key words: cytochrome ¢ oxydase, hepatitis C,
mitochondria, oxyphilic granular hepatocyte, succinate
dehydrogenase

INTRODUCTION

ARIOUS HEPATOCELLULAR CHANGES are

observed in viral hepatitis, including oxyphilic
granular hepatocyte (OGH). Characteristic acidophilic
changes in the cell have been reported to be due to mito-
chondrial hyperplasia (Fig. 1). OGH was first discovered
in hepatitis B by Lefkowitch et al.' They have extensively
examined OGH and clarified the pathological profile of
OGH in hepatitis B, although the real pathogenesis
remains unknown.'® OGH has also been found in other
liver diseases such as primary biliary cirrhosis and alco-

holic hepatitis. OGH in hepatitis C has not been ana- .

lyzed in detail. There is one report that documented
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OGH in patients with various diseases including hepa-
titis C. Muller-Hocker found OGH in 20 of 47 cirrhosis
livers of various etiology, but the frequency of OGH in
patients with hepatitis C was not reported.* In this
study, we examined the pathological features, patho-
genesis and significance of OGH in hepatitis C.

METHODS

Subjects

HE SUBJECTS WERE two groups of patients with

hepatitis C: one group comprised patients who had
undergone liver biopsy and the other group comprised
patients who had undergone liver resection.

Biopsy group

Fifty-one HCV antibody-positive patients with hepatitis
C were studied. These patients had been analyzed and
reported previously by one of the authors.® The patients
had been diagnosed with chronic hepatitis C, treated,
and followed between 1967 and 1994 in the National
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Figure 1 (a) A typical oxyphilic granular hepatocyte (arrowhead) is filled with acidophilic granules (hematoxylin and eosin). (b)

Hepatology Research 2007; 37: 425-432

A section serial to that in (a) was immunohistochemically stained with antimitochondrial antibody. Mitochondrial hyperplasia
was observed in the oxyphilic granular hepatocyte. The arrowhead indicates cells corresponding to those shown in (a). (Original

magnification x400.)

Hospital Organization Nagasaki Medical Center. They
usually underwent the first liver biopsy within 6 months
of onset, and two or more liver biopsies during follow-
up, with a mean of 3.8 biopsies and a follow-up period
of 1-21 years (mean 8 years).

Resected group

Sixty-four patients with resected hepatitis C-related
hepatocellular carcinoma (HCC) who had undergone
hepatectomy from 2001 to 2002 were studied. Eighteen
resected patients who had metastatic colorectal cancer
during the same period served as controls. Frozen liver
tissues from 37 patients with hepatitis C-related HCC
and four patients with metastatic colorectal cancer had
been stored, and were used as frozen sections for histo-
chemical staining.

Histological examination

Liver biopsy and resected tissues were fixed in 10% for-
malin and embedded in paraffin. Sections 4-pm thick
were stained with hematoxylin and eosin, and exam-
ined for OGH and their distribution within the liver
lobule. In addition, the degree of liver tissue fibrosis and
inflammation was evaluated according to the Ludwig
classification of chronic hepatitis.®

To examine the relationship between the duration of
infection and the appearance of OGH, biopsy patients
with post-transfusion hepatitis C were analyzed for the
time interval between transfusion and the appearance of
OGH, and the degree of fibrosis and inflammation at
the time of the appearance of OGH. The frequency of

© 2007 The Japan Society of Hepatology

OGH in the liver biopsy patients who developed HCC
during follow-up was also determined.

Amount of mitochondria in hepatocytes

To objectively evaluate the amount of mitochondria in
resected tissues, immunohistochemical staining with
antimitochondrial antibody (Bio Genex, San Ramon,
CA, USA) was performed. The amount of mitochondria
in the entire liver of each patient was expressed as
follows. The amount of mitochondria in each hepato-
cyte was classified as large, equal, or small, in compari-
son with that in a control hepatocyte. Five areas per
patient were randomly selected from the peripheral
zone. The amount of mitochondria in about 500 hepa-
tocytes in each area was classified.

To semiquantify the amount of mitochondria in liver
tissue, the percentages of cells with a large, equal, and
small amount of mitochondria to the total number of
cells observed were calculated to score the amount of
mitochondria according to the following formula: Mito-
chondrial score (MS) =large amount (%) x 3 + equal
amount (%) x 2 + small amount (%) x 1.

Hepatocyte mitochondrial function

To .evaluate hepatocyte mitochondrial function, frozen
sections of resected liver tissues were histochemically
stained for the electron transport enzymes succinate
dehydrogenase (SDH) and cytochrome c¢ oxydase
(COX).

For SDH, the following substrate solution was used:
100 mM disodium succinate, 25 mM phosphate-
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‘buffered saline (PBS; pH 7.4), 1 mM NaN,, 0.2 mM
PMS, and 1.5 mM NitroBT. Unfixed 5-mm thick sections
were incubated in the substrate solution at 37°C for
5 min, briefly rinsed in PBS and then water, and sealed
with glycerin-gelatin. The substrate disodium succinate
was omitted in the processing of controls.”®

For COX, the following substrate solution was used:
50 mM PBS (pH 7.2), 0.15% cytochrome ¢, and 2.5 mM
DAB. Unfixed 10-mm thick sections were incubated in
the substrate solution at 37°C for 10 min, rinsed well
in PBS, dehydrated in a series of ethanol, cleared in
xylene, and mounted with a synthetic mount. The sub-
strate cytochrome ¢ was omitted in the processing of
controls,”®

Changes in hepatocytes

Resected sections (five OGH positive, five OGH negative,
and five control) were immunohistochemically stained
with anti-hexokinase (HXK)-1I antibody (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) for the
glycolysis enzyme,™ and with anti-Ki-67 antibody
(Novo Castra, Newcastle Upon Tyne, UK) for the cell
growth cycle. The expression of Ki-67 was evaluated in 10
high-power magnification areas in the peripheral zone
and the central zone to calculate the labeling index (LI).

Statistical analysis

The frequency and distribution of OGH and the rela-
tionship between OGH and the degree of fibrosis and

Figure 2 The fibrosis stage and inflam-
mation grade at the first appearance of
oxyphilic granular hepatocyte (OGH)
on liver biopsy in relation to the fre-
quency of OGH. (a) OGH appeared in
18 (35.3%) of the 51 liver biopsy
patients. (b) OGH was observed in
94.4% of patients with stage 3 or 4
fibrosis. (c) OGH appeared in ali
patients with grade 3 or 4 portal tract
inflammation. (d) No relationship was
found between the grade of lobular
inflammation and the appearance of
OGH.

otal number of
he liver biopsy
51 cases
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inflammation were assessed. The Mann-Whitney U-test
and chi-squared test were employed. P < 0.05 was con-
sidered statistically significant.

RESULTS
Biopsy group

T THE TIME of the first liver biopsy, the frequencies
A.of OGH in patients with stage 3 and 4 fibrosis were
18.2% and 28.6%, respectively, but OGH did not
appear in patients with stage 1 or 2 fibrosis. OGH
appeared in 16.7% of patients with grade 4 portal tract
inflammation and 7.7% of patients with grade 3 portal
tract inflammation. OGH first appeared at the age of
48-69 years, with a mean of 56.9 years.

Patients in whom OGH appeared at least once
were classified as OGH-positive. OGH appeared in 18
(35.3%) of the 51 liver biopsy patients. At the first
appearance of OGH, stage 4 fibrosis was observed in
72.2% of the biopsy patients. A more advanced stage
of fibrosis tended to be associated with a higher fre-
quency of OGH. At the first appearance of OGH, inflam-
mation tended to be severe in the portal tract, but mild
in the liver lobule. Grade 4 portal inflammation was
noted in 94.4% of the 18 OGH-positive patients
(Fig. 2).

Of the 51 liver biopsy patients, 21 (41.2%) had
received blood transfusions, and OGH appeared in six
(28.6%) of them. The time interval between blood

OGH (+)

grade,
Lobular

G2
61.1%

__‘ﬂdwig classification |[

© 2007 The Japan Society of Hepatology



428 K. Tanikawa et al.

Hepatology Research 2007; 37: 425-432

Patients Years after transfusion
number 10 20 30 40 50 60

1 = 80 o e D

3 —Tom

—{f———{-l-0

g T Figure 3 Post-transfusion course of
7 —R~-{0 patients. The mean time interval
g %_4':'. between blood transfusion and the
10 ==———=-l=—-8--0 appearance of oxyphilic granular hepa-
};%'%"_‘_——.m- = tocyte (OGH) was 28 years and
ST e, E——— 4 months (range 20-40 years). OGH
14 = -3l tended to appear in patients with
124:'1}%—__“ - severe liver fibrosis at more than
17 S rmccnmscamif] 20 years after blood transfusion. In
13%% . contrast, OGH was not observed in
20 ={T={—{] O (I 8 : Liver biopsy o Appearance of OGH patients with severe liver fibrosis at less
21 - F1 F2 F3 F4

transfusion and the appearance of OGH ranged from 20
to 40 years, with a mean of 28 years and 4 months
(Fig. 3).

Hepatocellular carcinoma developed in 17 (33.3%)
of the 51 liver biopsy patients, and OGH was observed
in eight (47.1%) of them. HCC was not observed in
34 patients, in 10 (29.4%) of whom OGH appeared
(Fig. 4). At the last liver biopsy, 21 patients with stage
3-4 fibrosis and two patients with stage 1-2 fibrosis had
developed HCC. Therefore, 20 patients with stage 3-4
fibrosis and eight patients with stage 1-2 fibrosis did
not develop HCC. No significant difference was noted
in stage of fibrosis between the patients who did or did
not develop HCC (P = 0.0914)

Resected group

Oxyphilic granular hepatocyte appeared in 30 (46.9%)
of the 64 resected patients (Fig. 5), but in none of
the control patients. Inflammatory cell infiltration was
prominent, especially in periportal areas with piecemeal
necrosis (Fig. 1). The frequency of OGH tended to
become higher with the progression of fibrosis (Fig. 5),
and was significantly higher in the group with severe
fibrosis than in the group with mild fibrosis (Table 1).
A higher grade of portal tract inflammation tended to
be associated with a higher frequency of OGH: the fre-
quency was significantly higher in the group with severe
portal tract inflammation than in the group with mild
portal tract inflammation (Table 1), but did not signif-
icantly differ with respect to the degree of hepatic
lobular inflammation (Table 1). Thus, the histological
findings in the resected patients were similar to those of
the biopsy patients.

© 2007 The Japan Society of Hepatology

than 20 years after blood transfusion.

Amount of mitochondria in hepatocytes

The amount of hepatocyte mitochondria was evaluated
in the resected patients. Immunohistochemical staining
with antimitochondrial antibody was strongly positive
in OGH (Fig. 1). Mitochondria were also increased in
hepatocytes other than OGH. However, in patients with
stage 3-4 fibrosis, the amount of mitochondria was
decreased markedly in some hepatocytes in the central

(a)

Patients developing HCC
23 cases (45.1%)

otal numbe
of the liver
\ biopsy 51
: 58S

Patients not developing '
28 cases (54.9%)

|OGH positive rate’]

Figure 4 The frequency of oxyphilic granular hepatocyte
(OGH) in patients who developed hepatocellular carcinoma
(HCC). (a) HCC developed in 23 (45.1%) of the 51 liver
biopsy patients. (b) OGH appeared in 10 (43.5%) of the 17
patients who developed HCC. (c) OGH appeared in 8 (28.6%)
of the 34 patients who did not develop HCC. No significant
difference was noted in the frequency of OGH between the
patients who did or did not develop HCC (*P=0.4156, chi-
squared test).
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Figure 5 The fibrosis stage and inflammation grade in resected

patients in relation to the frequency of oxyphilic granular’

hepatocyte (OGH). (a) A higher stage of fibrosis was associ-
ated with a higher frequency of OGH. (b) A higher grade of
portal tract inflammation was associated with a higher fre-
quency of OGH. (c) No relationship was found between the
grade of lobular inflammation and the appearance of OGH.
(2), OGH (-); (m), OGH (+).
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Table 1 Fibrosis stage and inflammation grade {Ludwig clas-
sification) in relation to the frequency of OGH in the resected
patients

Parameter OGH No OGH P-valuet
Stage
1-2 10 20 0.041
3-4 20 14
Grade (portal)
0-2 3 13 0.009
3-4 27 21
Grade (lobular)
0-2 23 27 0.167
3-4 7 7

1Chi-squared test, frequency of OGH in stage 1-2 vs 3-4 or grade
0-2 vs 3-4,
OGH, oxyphilic granular hepatocyte.

zone, but only slightly in the peripheral zone (Fig. 6).
The mean mitochondrial score for the peripheral zone
was 134.47 + 27.24 (range 100-196) in the group with
mild fibrosis, 156.82 + 30.14 (range 107-227) in the
group with severe fibrosis, and 128.89 + 24.03 (range
100-193) in the control group. Thus, the score for the
peripheral zone was significantly higher in the severe
than in the mild fibrosis group. The amount of mito-
chondria in the peripheral zone tended to increase with
the progression of fibrosis (Fig. 7).

Figure 6 Immunohistochemical staining with antimitochon-
drial antibody. Hepatocytes with increased or decreased mito-
chondria were distributed in an irregular, map-like manner.
The amount of mitochondria in hepatocytes was increased or
maintained in the peripheral zone (P), but was markedly
decreased in the central zone (C) in some patients. (Original
magnification x40.)
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Figure 7 The relationship between the mitochondrial score
and liver fibrosis in the peripheral zone. The mean mitochon-
drial scores for peripheral zone in the group with mild fibro-
sis, the group with severe fibrosis, and the control group were
134.47 £ 27.24 (100-196), 156.82 + 30.14 (107-227), and
128.89 % 24.03 (100-193), respectively. Thus, the mitochon-
drial score for peripheral zone was significantly higher in the
group with severe fibrosis than in the group with mild fibro-
sis (*P = 0.011, Mann-Whitney U-test).

control

Hepatocyte mitochondrial function

Immunohistochemical staining with antimitochondrial
antibody showed increased SDH and COX activity in the
area with an increased amount of mitochondria (Fig. 8).

a
e S
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Changes in hepatocytes

There was increased expression of HXK-II in hepatocytes
with increased mitochondria (Fig. 9), but not in control
cases.

The mean Ki-67 labeling indices for the peripheral
and central zones were 0.56 and 0.47, respectively,
showing no significant differences among zones.

DISCUSSION

EFKOWITCH ET AL. examined OGH in hepatitis B.!
LThe frequencies of OGH in liver biopsy specimens
in their study and ours were 41.7% and 35.5%,
respectively, which appear to be roughly similar. They
reported that OGH tended to appear in hepatitis B
patients with severe fibrosis and inflammatory cell infil-
tration: among the liver biopsy specimens from their
hepatitis B patients, the frequency of OGH was as high
as 54.5%, whereas no OGH was observed in patients
with nonactive cirrhosis. We determined the stage of
fibrosis and grade of inflammation according to the
Ludwig classification of chronic hepatitis.® In chronic
hepatitis C, the frequency of OGH tended to be high in
patients with severe fibrosis and portal tract inflamma-
tion (stage 3-4 or portal grade 3-4), and no OGH
appeared in patients with mild fibrosis and portal tract
inflammation (stage 1-2 or portal grade 1-2). Although
it is difficult to accurately compare their results with
ours, because of the difference in the method of classi-
fication of chronic hepatitis, we consider that the
histopathological features of the background liver in
which OGH appears are similar in hepatitis B and C. A
similar tendency was observed in the resected patients.

No studies have examined the relationship between
the appearance of OGH and the duration of hepatitis B.
The present study showed that the duration of infection

Figure 8 Serial frozen sections stained (a) with antimitochondrial antibody, (b) for succinate dehydrogenase (SDH), or (c) for

cytochrome c oxidase (COX). SDH- and COX-positive cells were stained deep blue and brown, respectively. The expression of
SDH and COX was increased in hepatocytes with increased mitochondria.
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Figure 9 Immunohistochemical staining with (a) antimitochondrial antibody and (b) anti-hexokinase (HXK)-II antibody,
showing HXK-1I expression was increased in hepatocytes with increased mitochondria. (Original magnification x40.)

in hepatitis C was closely related to the appearance
of OGH: a longer duration of infection and a more
advanced stage of fibrosis tended to be associated with
a higher frequency of OGH. In patients with a long
duration of infection, OGH appeared in the absence of
cirrhosis. In contrast, in patients with an infection dura-
tion of less than 20 years, OGH did not appear in the
presence of severe fibrosis. These findings suggest that
the duration of infection is a factor in the development
of OGH, which is related to long-term chronic infection.
With little supporting evidence, we can only speculate
that the persistence of chronic infection, hepatitis C
virus infection of mitochondria, and oxidant stress for
more than 20 years may alter mitochondria.
Immunohistochemical staining with antimitochondr-
ial antibody allowed us to more objectively evaluate
mitochondria in hepatocytes, and showed that mito-
chondria were increased not only in OGH, but also
in other hepatocytes. Conversely, hepatocytes with
markedly reduced mitochondria were clearly identified.
An increase, but not a decrease, in the amount of hepa-
tocyte mitochondria in chronic liver disease has been
reported in several reports. Moreover, hepatocytes with
increased or decreased mitochondria were distributed in
an irregular, map-like manner. However, hepatocytes
with increased mitochondria tended to be more fre-
quently found in the peripheral zone, and those with
decreased mitochondria in the central zone. It has been
reported that chronic viral hepatitis is histologically char-
acterized by the irregular distribution of liver cell necro-
sis and regeneration.'*"* The irregular distribution of
hepatocytes with increased or decreased mitochondria in

this study may be related to the previously reported irreg-
ular distribution of lesions of chronic viral hepatitis.

Among the hepatitis C patients studied, OGH
appeared in 47.1% of the liver biopsy patients and
46.9% of the resected patients with HCC. Interestingly,
the frequency of OGH was higher in the patients with
than those without HCC among the liver biopsy
patients, although no significant difference was noted.
It has been reported that HCC develops commonly
in cirrthotic patients, but rarely in non-cirrhotic
patients.'®’” HCC has been reported to develop in as
high as 3-10% of hepatitis C-related cirrhotic patients
yearly."*!* A more advanced stage of fibrosis has been
reported to be associated with a higher incidence of
complication by HCC. Considering that OGH fre-
quently developed in HCC patients in association with
a long duration of infection, the stage of fibrosis and the
appearance of OGH in biopsy tissue may serve as indi-
cators predicting the development of HCC.

Hypotheses about the pathogenesis of OGH have
been proposed.”* As immunohistochemical staining
showed no differences among zones in the expression
of Ki-67, which reflects the cell growth cycle, it is diffi-
cult to consider that OGH is regenerated hepatocytes.
Tanji et al.** performed histochemical studies of OGH
in chronic hepatitis, and found deficiencies of mtDNA
and mtDNA-encoded respiratory chain enzymes in
OGH. We evaluated the function of the increased mito-
chondria, and obtained results different from theirs.
Histochemical staining and immunohistochemical
staining with antimitochondrial antibody showed
increased activity of electron transport enzymes in the
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area of increased mitochondria, indicating that there
was no functional impairment of the hyperplastic mito-
chondria. In addition, the increased staining for HXK-I1
suggests an increased glycolytic pathway. The increase in
the glycolytic pathway and the increased activity of elec-
tron transport enzymes indicate that energy production
was markedly enhanced. In this study, we did not
perform DNA analysis, a factor to be studied in the
future. The presence of areas of increased and markedly
decreased mitochondria suggests that the former area
represents compensatory mitochondrial hyperplasia for
the latter area. OGH may be an extreme form of com-
pensatory hyperplastic change.
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Toll-like Receptor Expression in Lupus Peripheral Blood

Mononuclear Cells

KIYOSHI MIGITA, TAICHIRO MIYASHITA, YUMI MAEDA, MINORU NAKAMURA, HIROSHI YATSUHASHI,

HIRONORI KIMURA, HIROMI ISHIBASHI, and KATSUMI EGUCHI

ABSTRACT.

Objective. To investigate expression of members of the Toll-like receptor (TLR) family in peripheral
blood mononuclear cells (PBMC) in patients with systemic lupus erythematosus (SLE).

Methods. We analyzed PBMC from 14 patients with SLE and 15 healthy subjects. The surface expressions
of TLR2 and TLR4 and intraceltular expression of TLR9 on PBMC were analyzed by flow cytometry.
Results. Although TLR4 expressions on CD14+ monocytes were not significantly different between
healthy subjects and patients with SLE, TLR2 expressions on monocytes were reduced in patients with
SLE compared to healthy subjects. Intracellular TLR9 expression levels of CD19+ B lymphocytes were
significantly elevated in patients with SLE. However, the TLR9 expression levels of plasmacytoid den-
dritic cells were not significantly different between these patients and healthy subjects.

Conclusion. Our results show that human peripheral blood B cells express TLR9 and that its expres-
sion is increased in patients with SLE. This upregulated expression of TLR9 in B cells may be related

to the abnormal B cell hyperactivity in patients with SLE. (First Release Jan 15 2007: J Rheumato!

2007;34:493-500)

Key Indexing Terms:
B LYMPHOCYTES
SYSTEMIC LUPUS ERYTHEMATOSUS

Systemic lupus erythematosus (SLE) is an autoimmune dis-
ease characterized by the generation of autoantibodies against
nuclear proteins and DNA!. These autoantibodies are thought
to contribute to the pathogenesis of SLE, and the levels of
anti-DNA antibodies correlate with the disease activity?>, The
deposition of antinuclear antibody and antigen immune com-
plexes (IC) in tissue is thought to induce local activation of
immune systems®, which may perpetuate SLE. It has also
been proposed that the type 1 interferon (IFN) system has a
pivotal etiopathogenic role in SLE, since IFN-o correlates
with disease activity of SLE>. Recent studies showed that the
sera of patients with SLE selectively induce the production of
IFN-o from the natural IFN-a-producing cells, which are
identical to plasmacytoid dendritic cells (PDC)’. Further,
DNA/anti-DNA antibody complexes in lupus sera can provide
signals for IFN-a production through the Toll-like receptor-9
(TLR9), which responds to bacterial DNA sequences contain-
ing nonmethylated CpG motifs®. In humans, the TLR family
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INTERFERON-a
TOLL-LIKE RECEPTOR

consists of 10 members, each of which is involved in the
recognition of pathogen-derived materials®. Recent data sug-
gest that TLR also play an important role in autoimmunity!©.
It is important to determine whether circulatory mononuclear
cells in patients with SLE express TLR that could be involved
in PDC activation as well as IFN-o induction. We examined
the expression of TLR in lupus circulating mononuclear cells
using flow cytometry methods.

MATERIALS AND METHODS

FPatients and controls. A total of 14 patients with SLE (12 women and 2 men,
aged 36.1 £ 13.3 yrs) were enrolled in our study (Table 1), in addition to 15
healthy volunteers (12 women, 3 men, aged 37.7 £ 8.1 yrs) and 6 patients with
theumatoid arthritis (RA; 5 women, 1 man, aged 48.1  11.4 yrs) as controls.
Consecutive patients entering the rheumatology clinic who fulfilled the
American College of Rheumatology 1982 revised classification criteria for
SLE!! were selected for this investigation. Among the 14 patients, 8 received
prednisolone (PSL) as monotherapy (mean dosage 20.3 mg/day, range 5-60
mg/day). The remaining 5 patients were treated with both PSL (mean dosage
19.4 mg/day, range 7-50 mg/day) and cyclophosphamide (intermittent intra-
venous cyclophosphamide therapy), and one patient received PSL (5 mg/day)
and azathioprine (50 mg/day). Disease activity was scored in all patients with
SLE by SLE Discase Activity Index (SLEDAI)!2, The study protocol was
approved by the Ethics Committee of Nagasaki Medical Center.

Reagents for ﬂ¢;w cytometry. Antibodies used for phenotype analysis were
obtained from Beckman Coulter (Fullerton, CA, USA), and antibodies for
TLR analysis were purchased from eBioscience (San Diego, CA, USA).
Antibody for BDCA-2 was purchased from Miltenyi Biotec (Bergisch
Gladbach, Germany). Antibodies used in this study were as follows: FITC-
labeled anti-human CD14, CD19, and BDCA-2; phycoerythrin (PE)-labeled
anti-human TLR2, 4, and 9; and PC-5-labeled anti-human CD123.

Flow cytometry. Heparinized blood was collected and peripheral blood

mononuclear cells (PBMC) were isolated by Ficoll gradient centrifugation.
For staining for TLR9, PBMC were stained for cell surface antigen and fixed
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Table 1. Clinical data of patients with SLE.

Patient No.  Age, yrs Sex SLEDAI Anti-dsDNA, 1U/ml CHS50, IU/ml PSL,mg/day  Cyclophosphamide Azathioprine
1 49 F 6 141 30 25

2 27 F 4 26 30 11

3 29 F 9 17 12 14

4 19 F 5 5 36 5 +
5 27 F 8 21 29 10

6 24 F 14 30 15 30

7 57 F 4 5 38 7 +

8 45 F 12 33 25 125 . +

9 25 F 16 14 26 60

10 33 F 12 19 23 50 +

11 38 F 2 17 38 5

12 55 M 10 32 41 15 +

13 24 M 18 17 29 15 +

14 54 F 10 4 37 735

SLEDAL: Systemic Lupus Erythematosus Disease Activity Index; anti-dsDNA: anti-double-stranded DNA antibody (normal 0.0-10.0 IU/ml); PSL: pred-

nisolone. '

and permeabilized using a commercial kit (eBioscience). Cells were then
stained for intracellular TLR9 with a PE-labeled TLR9 monoclonal antibody
(mAb; eBioscience). In brief, cells were stained for their surface markers
using fluorescein isothiocyanate (FITC)-conjugated anti-human CDI14,
CD19, blood dendritic cell antigen (BDCA)-2, or PC-5-conjugated CD123
for 15 min. Cells were then washed with staining buffer, fixed, and perme-
abilized. After washing with staining buffer, cells were stained with PE-con-
jugated anti-human TLR9 (eBioscience). Fluorescence was measured on an
Epics XL (Beckman-Coulter). The acquired data were analyzed with
EXPO32 software (Beckman-Coulter).

Cell culture. PBMC were isolated by Ficoll-Hypaque (Amersham Pharmacia,
Tokyo, Japan) density gradient centrifugation. T cells were removed from
PBMC by negative selection using anti-CD2 magnetic beads (Dynal, Oslo,
Norway). T-cell-depleted mononuclear cells (MNC; 1 x 105 per 200 ul well)
were cultured in RPMI-1640 (Gibco, NY, NY, USA) supplemented with 10%
fetal bovine serum (Gibco BRL Invitrogen, Tokyo) in 96-well tissue culture
plates. CpG oligodeoxynucleotide (ODN) 2006 (5°-TCG TCG TTT TGT
CGT TTT GTC GTT-3') complete phosphorothioate (CpG ODN2006;
InvivoGen, San Diego, CA, USA) was added at Day 0. T-cell-depleted MNC
were also cultured with 96-well plates coated with 1 pg/ml purified goat anti-
human IgG, IgA, and IgG (Southern Biotechnology, Birmingham, AL, USA)
to trigger the B cell receptor (BCR) as controls. Cell cultures were maintained
for 4 days and culture supernatants were collected and stored at ~20°C. The
amounts of IgG in culture supernatants were determined by antibody sand-
wich-type ELISA (Bethyl Laboratories, Montgomery, AL, USA).

Statistical analysis. Comparisons between groups were done using the non-
parametric Mann-Whitney U-test. All statistics were performed with Stat
View 7.0 (SAS Institute, Cary, NC, USA).

RESULTS

TLR?2 and TLR4 expressions on CDI14+ cells in patients with’

SLE. We compared the baseline expression of TLR2 and
TLR4 on CD14+ monocytes in patients with SLE and healthy
subjects. As shown in a representative histogram of mono-
cytes, surface expressions of TLR2 were lower in patients
with SLE than in healthy subjects (Figure 1A). The geometric
mean fluorescence intensity of TLR2 was significantly lower
in patients with SLE than in healthy subjects (Figure 1B).
However, there was no statistical difference.in TLR4 expres-
sion between patients with SLE and healthy subjects (Figures

2A, 2B). Although we also examined the baseline expression
of TLR2 and TLR4 on B cells and T cells in patients with

A Healthy subject

TLR2 (Log fluorescence intensity)

B p<0.08
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Figure 1. Diminished expression of TLR2 on CD14+ monocytes in patients
with SLE. A. Histograms show baseline expression of surface TLR2 on
monocytes in a representative patient with SLE and healthy subject. Darker
areas indicate staining with isotype control mAb. B. Mean fluorescence
intensity of surface TLR2 staining for CD14+ monocytes in patients with
SLE (n = 14) and healthy subjects (HC; n = 15). Significance of differences
between groups were analyzed by Mann-Whitney U-test.
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SLE, we could not detect TLR2 and TLR4 expression on B or
T cells in patients with SLE or in healthy subjects (data not
shown).

Increased expression of TLR9 on B cells in patients with SLE.
We also examined whether lupus B cells express TLR9Y in
patients with SLE. We identified B cells as CD19+ popula-
tions (Figures 3A, 3B). As shown in Figure 3C, CD19+ B
cells express TLRO constitutively. In a representative his-
togram of B cells, intracellular expression of TLR9 was high-
er in patients with SLE than in healthy subjects. The geomet-
ric mean fluorescence intensity of TLR9 in B cells is shown in
Figure 3D. TLRY expression levels in B cells were signifi-
cantly increased in patients with SLE compared to healthy
subjects. In contrast, these increased expressions of TLR9 in
B cells were not observed in the patients with RA, another
autoimmune disease (Figures 4A, 4B). We evaluated the rela-
tionship between TLR9 expression on B cells and the treat-
ment regimens in patients with SLE. However, there was no
significant difference of TLR9 expression in the presence or
absence of moderate doses of corticosteroids (PSL > 20

SLE

A -Healthy subject

TLR4 (Log fluorescence intensity)
B NS

TLR4 (Log MFI)

HC SLE
(n=15) {(n=14)

Figure 2. Expression of TLR4 on CD14+ monocytes in patients with SLE. A.
Histograms show baseline expression of surface TLR4 on monocytes in a
representative patient with SLE and healthy subject. Darker areas indicate
staining with isotype control mAb. B. Mean fluorescence intensity of surface
TLR2 staining for CD14+ monocytes in patients with SLE (n = 14) and
healthy subjects (HC: n = 15). Significance of differences between groups
were analyzed by Mann-Whitney U-test.

mg/day) or immunosuppressants (Figure 5). Similarly, there
was no significant difference of TLR2 expression on CD14+
monocytes in the presence or absence of moderate doses of
corticosteroids or immunosuppressants (Figure 6). We also
evaluated the correlations of the TLR9 expression levels in B
cells with clinical measures such as the SLEDAI, hemolytic
complement (CHS50), and titers of anti-dsDNA antibodies.
However, there was no significant correlation between TLR9
expression levels and these clinical measures.

TLR9 expression in lupus PDC. It was demonstrated that
TLR9 mediates the activation of PDC by SLE-IC. To investi-
gate TLRY expression on PDC, we performed double-staining
of PBMC, with a mixture of mAb against CD123 and BDCA-
2. PDC, identified as CD123/BDCA-2 double-positive popu-
lations'3, were gated (Figure 7) and analyzed for TLRY
expression. In order to make low proportions of peripheral
blood PDC visible especially in patients with SLE, at least
100,000 cells were acquired. Figure 6A shows a representa-
tive result for the TLRY expression of gated BDCA-2+,
CD123+ cells from healthy subjects and patients with SLE.
No significant difference between healthy subjects and
patients with SLE was observed with regard to the TLRO
expression on PDC (Figure 8).

1gG production following CpG stimulation in B cells. To
determine the ability of CpG ODN to stimulate immunoglob-
ulin production by lupus B cells, T-cell-depleted MNC were
cultured in the presence of CpG ODN. Cultured supernatants
were harvested on Day 5 of culture and analyzed for the pres-
ence of IgG by ELISA. CpG ODN stimulated the production
of IgG from control and lupus B cells. The increase in IgG
production was 1.6-fold by. control B cells, and an equivalent
1.9-fold increase in lupus B cells. This difference was not sta-
tistically significant. Under stimulation through BCR, the
increase in IgG production was 5.6-fold in controls and 6.4-
fold in SLE, and no significant difference was observed.
These findings indicate that lupus B cells respond to CpG
ODN stimulation; however, the ability to respond to CpG
ODN in lupus B cells was not different from that in control B
cells (Table 2, Figure 9).

DISCUSSION
Type 1 IFN has been proposed to have a pivotal etiopatho-
genic role in SLE, since serum levels of IFN-a correlate with
the disease activity of SLE>S. IFN-a may contribute to lupus
autoimmune processes by differentiating B lymphocytes and
following autoantibody production!4. TLR are a family of pat-
tern-recognition receptors that evolved to detect microbial
infection®. These receptors recognize conserved molecular
products derived from different classes of microorganisms!>.
Although TLR detect molecular patterns of microbial origin,
some TLR and their ligands have emerged as important regu-
lators of immunity relevant to effector responses to autoim-
munity’S,

Recent data indicate that immune complexes containing
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~ Figure 3. Upregulated expression of TLR9 on CD19+ B cells in patients with SLE. A, B. Isolation of CD19+ B cells by flow cytometry. PBMC were assessed by
forward scatter (FS) and side scatter (SS) measures. Cells gated in R1 (A) were further analyzed for anti-CD19 FITC-labeled mAb. CD19+ cells were gated (R2)
and defined as B cells (pancl B). C. Histograms depicting baseline expression of intracellular TLR9 on B cells in a representative patient with SLE and healthy
subject. Darker areas indicate staining with isotype control mAb. D. Mean fluorescence intensity of intracellular TLR9 staining for CD19+ B cells in patients with
SLE (n = 14) and healthy subjects (HC; n = 15). Significance of differences between groups were analyzed by Mann-Whitney U-test.
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nucleic acid and lupus IgG can induce IFN-a secretion from
PDC8. Further, Means, et al showed that SLE-IC stimulates
PDC to produce IFN-a in a TLR9-dependent manner!’. The
ability of PDC to secrete IFN-a depends on cellular sensors
that detect the presence of bacterial DNA or IC'®, and TLR9
expression may account for the IFN-a production from PDC.
We investigated the expression of TLRY on circulating PDC
in patients with SLE. Our data show that the expression of
TLR9 in PDC was not different between patients with SLE
and healthy subjects. Previous investigations showed that the
numbers of circulating PDC are decreased in patients with
SLE!, but large numbers of activated PDC infiltrate skin
lesions and actively produce IFN-a20, These findings suggest

that PDC seem to be activated by IC in the pathogenic lesions

and circulating PDC may not reflect these immune conditions.
Further investigations concerning the TLR9 expression in tis-
sue-infiltrating PDC are needed in patients with SLE.

Figure 4. Expression of TLR9 on CD19+ B cells in patients with RA and
SLE. A. Histograms show baseline expression of intracellular TLRY on B
cells in representative patients. Darker areas indicate staining with isotype
control mAb. B. Mean fluorescence intensity of intracellular TLR9 staining
for CD19+ B cells in healthy subjects (HC, n = 4), patients with RA (n =6),
and with SLE (n = 5). Significance of differences between groups were ana-
lyzed by Mann-Whitney U-test.
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Figure 5. Expression of TLR9 on CD19+ B cells in patients with SLE. A.
Mean fluorescence intensity (MFI) of intracellular TLR9 staining for CD19+
B cells in patients with SLE treated with > 20 mg/day prednisolone (PSL; n
= 4) or < 20 mg/day PSL (n = 10). Significance of differences between
groups were analyzed by Mann-Whitney U-test. B. MFI of intracellular
TLRO staining for CD19+ B cells in patients with SLE treated with (n = 6) or
without immunosuppressants (n = 8). Significance of differences between
groups were analyzed by Mann-Whitney U-test.

The high serum levels of IFN-a in patients with SLE were
found to promote the differentiation of B cells as well as to
activate PDC?!. Similar to PDC, B cells express a limited set
of TLR, including TLR7 and TLR922. Leadbetter, et al
showed that autoreactive B cells are activated by IgG-chro-

matin IC and require the synergistic engagement of B cell.

receptor and TLR9%, It is postulated that engagement of the
BCR by an autoantibody-antoantigen IC triggers the endocy-
tosis of IC that then results in the efficient delivery of chro-
matin fragments to endosome-associated TLLR923, We consis-
tently observed the expression of TLR9 in freshly isolated
human peripheral blood B cells, and our first major observa-
tion was the upregulated expression of TLRO in peripheral
blood B cells from patients with SLE, More recently, it was
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Figure 6. Expression of TLR2 on CD14+ monocytes in patients with SLE. A.
Mean fluorescence intensity (MFI) of intracellular TLR2 staining for CD14+
B monocytes in patients with SLE treated with > 20 mg/day prednisolone
(PSL; n = 4) or < 20 mg/day PSL (n = 10). Significance levels for differences
between groups were analyzed by Mann-Whitney U-test. B. MFI of intracel-
lular TLR2 staining for CD14+ monocytes in patients with SLE treated with
(n = 6) or without immunosuppressants (n = 8). Significance of differences
between groups were analyzed by Mann-Whitney U-test.

postulated that the engagement of TLR receptors, particularly
TLRY, on B cells seems to play an important role in B cell
activation and autoantibody production?*. The importance of
the TLR9-dependent pathways will depend on the levels of
TLR9 expression. The differential expression of TLR9 may
correlate with the responsiveness to CpG DNA, and the
altered TLR9 expression could potentially affect the B cell -
immune response to chromatic or IC in patients with SLE.
CpG ODN have been shown to activate B cells via the fam-
ily of TLR9%. Our data indicated that both control and lupus
B cells responded to CpG DNA stimulation. The ability of
lupus B cells to produce IgG was higher compared to control
B cells; however, the difference was not significant. Since our
B cell preparations contain mononuclear cells (T-cell-depleted
mononuclear cells), the abnormal response of non-B cell pop-

Migita, et al: Expression of TLR9 in lupus lymphocytes

497



Healthy subject

w
2 3 R2
& a
—
a
o 1 o
s -E*;-.".;...w Ty
BDCA-2 Friic “
B SLE
w
% < R2
& g "3
& "*"s. 8
O =
S BBCA-2 FIfc -

Figure 7. Identification of circulating plasmacytoid dendritic cells (PDC) by flow cytometry in peripheral blood
from a representative patient with SLE and healthy subject. Mononuclear cells isolated from a healthy subject
(A) and patient with SLE (B) were assessed by forward scatter (FS) and side scatter (SS). The Rl-gated events
were then analyzed for BDCA-2 and CD123, and BDCA-2+, CD-123+ double-positive cells (R2) were defined

as PDC.

ulations to CpG DNA contributed to this phenomenon as
described previously26.

The exact immune mechanisms underlying the upregulation
of TLR9 on lupus B cells remain to be elucidated in our study.
Bemasconi, et al indicated that in human naive B cells, TLR9
is expressed at low to undetectable levels, but its expression is

rapidly upregulated by BCR triggering?’. In contrast, memory-

B cells expressed TLRY at constrictively high levels?3. SLE is
characterized by polyclonal B cell activation??, and these alter-
nations of B cell activation or differentiation status may
account for the upregulation of TLR9 expression. We could not
show the interaction between increased TLR9 expression on B
cells and lupus disease activity. Our study included 14 patients
with SLE with low to moderate disease activity; therefore, fur-
ther large-scale investigations of patients with SLE are needed
to elucidate the relationship between TLR9 expression on B
cells and lupus disease activity.

In summary, we showed that TLR9 expression in B lym-
phocytes was increased in patients with SLE. This upregulat-
ed TLRY expression may activate B lymphocytes through the
interaction between TLR9 and its ligands and may be related
to the pathogenesis of lupus.
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Figure 8. Expression of TLR9 on plasmacytoid dendritic cells
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patients with SLE. A. Histograms show baseline expression of intracellular
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y subject.

Darker areas indicate staining with isotype control mAb. B. MFI of surface

TLRY staining for PDC in patients with SLE (n = 14) and health

y subjects

(HC; n = 15). Significance of differences between groups were analyzed by

Mann-Whitney U-test.
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