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Abstract

AIM: To examine the hepatitis C virus (HCV) levels and
immunological markers in cirrhotic patients after sple-
nectomy.

METHODS: HCV RNA titers as well as cellular and hu-
moral immune markers were determined in 20 cirrhotic
patients after splenectomy and in 32 cirrhotic controls
with an intact spleen.

RESULTS: Serum HCV RNA titers were lower in the sple-
nectomized patients than in the controls (186 + 225 x 10’
copies/mL vs 541 £ 417 x 10° copies/mL, £<0.01). HCV
RNA was judged to have been spontaneously eradicated
in 4 splenectomized patients, but in none of the controls.
Natural killer cell activity was higher in the splenecto-
mized patients than in the controls (41.2 £ 19.3% vs
24.7 £ 15.3%, P<0.01), and natural killer cell activity
was negatively correlated to HCV RNA titers in the sple-
nectomized patients except in those with serotype 2-re-
lated infection. The CD4/CD8 ratio was significantly lower
in the splenectomized patients than in the controls.

CONCLUSION: The findings suggest that splenectomy
may diminish virus burden in cirrhotic patients with HCV
infection at least in part, through augmentation of natu-
ral killer cell activity.
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INTRODUCTION

Persistent infection with hepatitis C virus (HCV), a par-
enterally transmitted RNA virus, occurs in 70%-80% of
HCV-infected patients. Chronic hepatitis C progresses
gradually to liver cirrhosis, a condition frequently associ-
ated with hepatocellular carcinoma (HCC)[H]. To prevent
progression to chronic liver disease, continuous virus
burden must be interrupted. However, spontaneous elimi-
nation of the virus load rarely occurs ™. HCV-specific
cytotoxic T' cells are thought to play a principal effector
role in host defense against HCV infection” """ In addition,
natural killer (NK) cells are believed to participate in the
defense against hepatitis viruses, because the human liver
contains a significantly higher number of NK cells than
peripheral blood or any other organs[m. NK cells exert
various effector functions during the early phase of HCV
infection, including induction of apoptosis and produc-
tion of IFN-gamma and TNF—alpham’l(’]. In addition, NK
cells are suggested to play a crucial role in the clearance of
HCV in patients undergoing interferon therapy!™"™, but
the significance of NK cells in the pathogenesis of chronic
hepatitis C remains to be clarified. Although several stud-
ies have reported reduced activity of NK cells in cirrhotic
patients with a history of alcohol abuse”*” and complica-
tion of HCC®'™ | little is known whether NK cells vary
in patients with HCV-positive liver cirrhosis™*.
Splenectomy was a popular surgical procedure for
esophageal varices associated with liver cirrhosis until
endoscopic sclerotherapy has become the first line treat-

[26,27] . .
. Splenectomy may compromise the immune sys-

ment
tem because the spleen plays an important role in phago-
cytosis and antibody production™?. On the other hand,
there is some evidence that splenectomy can positively
affect Kupffer cell functions in the liver, and protects
against viral infection™ . Ferrante ez a/”” have insisted
that a compensatory increase in the activity of NK cells in
splenectomized patients might offer protection against in-
fection and malignant disease. Pereira ez @/’ reported that
the HCV genome is detectable in spleen specimens ob-
tained from HCV antibody seropositive patients associated
with chronic schistosomiasis, suggesting that the spleen is
an extrahepatic reservoir of the virus. Splenectomy may
therefore influence the immune system and virus load of
cirrhotic patients with HCV infection. Changes in immune
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mediators and HCV burden in cirrhotic patients after
splenectomy remain to be evaluated. In the present study,
we retrospectively evaluated the effect of splenectomy on
replication of HCV as well as cellular and humoral immu-

Splenectomy (+) Splenectomy (-)

nity including NK cell activity and lymphocyte subsets in
cirrhotic patients with HCV infection.

MATERIALS AND METHODS
Patients

Twenty Japanese cirrhotic patients positive for anti-HCV
antibody after splenectomy were enrolled in the present
study (splenectomized). Splenectomy was performed in
combination with surgical treatment of esophageal varices
(14 cases), HCC (5 cases), or gastric cancer (1 case). The
patients were referred for follow-up at our hospital. The
mean duration of follow-up after splenectomy was 9.2
years. Thirty-two HCV-positive cirrhotic patients with an
intact spleen served as controls and were followed up at
our hospital. All controls had complications of esophageal
varices, 17 of whom were treated for esophageal varices
with endoscopic sclerotherapy and/or band ligation. Mot-
phological diagnosis of post-hepatitic cirrhosis was pet-
formed in all splenectomies and 22 controls. The remain-
ing 10 controls were diagnosed clinically based on typical
clinical and laboratory findings of liver cirrhosis and
characteristic liver findings at computed tomography and
ultrasonography, because 6 patients showed complicated
severe coagulopathy and 4 patients refused liver biopsy.
No patients were diagnosed with chronic liver diseases,
such as alcoholic hepatitis, autoimmune hepatitis, and
chronic hepatitis B infection, or drug-induced liver disease.
Patients with a history of alcohol abuse or diagnosed as
HIV positive were excluded. None of our patients undet-
went anti-viral therapy using interferon during the period
studied. Patient characteristics are shown in Table 1. Clini-
cal features, severity of liver cirrhosis according to Child’
s classification, association of HCC, HCV serotype, and
liver function tests did not differ significantly between the
two groups. Platelet counts were significantly higher in the
splenectomized patients than in the controls. The study
protocol was approved by the Ethics Committee of the
Department of Internal Medicine, and informed consent
was obtained from all patients.

Serum HCV RNA levels were measured to evaluate the
effect of splenectomy on viral load. In addition, peripheral
activity of NK cells, proportion of CD4 and CD8 sub-
sets of T cells, and levels of serum B2-microglobulin and
soluble interleukin 2 receptor (sIL2R) were examined.

Virology

The presence of HCV antibody was determined by the
second and/or third generation of enzyme-linked im-
munosorbent assay (Ortho Diagnostic System Co., Ltd.,
Tokyo, Japan) and confirmed by recombinant immunoblot
assay (Chiron RIBA-2 and/or RIBA-3). HCV serotype was
examined by serotyping assay (SRL Laboratory Co., Tokyo,
Japan) according to the method of Tsukiyama-Kohara
et d. Serotype 1 corresponded to types 1a and 1b, while
serotype 2 corresponded to types 2a and 2b of the Sim-
monds classification”. Quantitative levels of HCV-RNA
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Age (yr) 62.6+5.5 63.2+13.6
Gender (m:f) 8:12 13:19
HCV Serotype

1 15 29

2 3 3

unknown® 2 0

Child’s Classification

A 11 18

B 6 8

C 8] 6
Association of HCC 7/20 9/32
Total bilirubin (mg/dL) 1.2+0.5 1.2+0.7
Albumin (g/L) 35+6 37+4
y-globulin (g/L) 23+0.8 20+5
AST (IU/L) 65.3+30.5 61.8+23.7
ALT (IU/L) 31.5+9.1 251449
Platelets (x10* /uL) 15.2+4.5 8127
NK cell activity (%) 4124193 2474153
CD4/CD8 1.2+0.4 1.6+0.6°
B2-MG (mg/L) 25+1.2 24406
sIL2R (U/mL) 917 £445 842+190™

HCC: hepatocellular carcinoma; AST: aspartic aminotransferase; ALT: alanine
aminotransferase; NK cells: natural killer cells; B2-MG: 2-microglobulin;
sIL2R: soluble interleukin 2 receptor. a: undeterminable serotype; "P<0.001,
‘P<0.05 vs splenectomized patients; NS: no significant difference.

in serum samples were analyzed by combined reverse
transcription PCR assay (Amplicor-HCV monitor; Nippon
Roche, Tokyo, Japan) that could detect viral concentra-
tions above 10’ copies per mLP. If serum HCV-RNA was
undetectable by this assay, we performed the Amplicor
hepatitis C viral test twice, which is more sensitive and can
detect as low as 10 copies per mLP". If HCV RNA was
still undetectable, it was judged to indicate ‘virus eradica-
tion’.

Immunological markers
NK cell activity was assessed against the k-562 cell line
(Dainippon Pharmaceutical Co., Osaka, Japan) marked
with *'Cr using a cytotoxicity test for 3.5 h™. Blood sam-
ples taken from the cubital vein wete collected into hepa-
rinized tubes. After centrifugation of the blood sample
with a lymphocyte separation medium (Limphosepar I;
Tokyo, Japan), the interface mononuclear cells were col-
lected and suspended at a cell density of 1 X 10° /mL in
RPMI-1640 medium (IBL; Gunma, Japan) and supple-
mented with 10% FBS (Cansera; Ontario, Canada). Periph-
eral blood monocytes (2% 10° cells) were added to round-
bottomed 96-well microplates containing *'Cr-labeled tar-
get cells (1% 10" cells) in 0.2 mL of RPMI-1640 medium
supplemented with 10% FBS. The effector cell/target cell
ratio was determined as 20. After centrifugation at 800
t/min for 5 min using an exclusive centrifuge for micro-
plates, the cells wete incubated for 3.5 h at 37°C under 50
mL/L COxz in air. After incubation, the culture supernatant
was harvested using PET2-96 (Sohken; Tokyo, Japan), and
the radioactivity was determined using a gamma counter
(1272 clini gamma, Wallac; Turuku, Finland). The percent-
age of cytotoxicity was calculated as follows: % cytotoxic-
ity = (experimental *'Cr release - spontaneous ~'Cr release)
/(maximal *'Cr release-spontaneous *'Cr release) X 100.
The proportion of peripheral CD4 and CD8 subsets
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Age  Sex Years After Serotype HCV RNA Child’s association
splenectomy (k copies/mL) classification of HCC'
1 75 Female 19 1 23 C no
2 60 Female 16 Unknown’ Negative A no
3 80 Female 15 1 140 A no
4 70  Female 15 1 130 B no
5 63 Male 14 1 2 B yes
6 67  Female 12 1 460 A no
7 62 Male 12 1 Negative A no
8 50 Male 12 1 Negative A no
9 73  Female 11 Unknown’ Negative A no
10 67 Female 11 2 <1 B no
11 50 Male 10 1 480 C no
12 60 Female 7 1 140 B yes
13 56  Female 7 1 160 C yes
14 38 Male 6 1 770 A no
15 68 Male 5 1 210 B yes
16 73  Female 2 1 510 A no
17 66  Female 2 2 21 A no
18 59 Female 2 1 420 A yes
19 58 Male 1 2 14 B yes
20 57 Male 1 1 380 A yes
' Hepatocellular carcinoma; ? undeterminable serotype.
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was assayed by flow cytometry. 32-microglobulin levels
were measured by latex immunoaggregation assay (Eiken
Co., Tokyo, Japan). sIL2R levels were determined using the
cell-free 1L-2R EIA kit.

Statistical analysis

Results were expressed as mean & SD. Statistical analy-
ses were carried out using the computer program Stat-
View-J4.5 (Abacus Concepts, Inc. Berkeley, USA). Mean
quantitative values were compared using Student’s # test.
Nonparametric data were compared using the Mann-
Whitney U-test. All p-values were two-tailed. P<0.05 was
considered statistically significant.

RESULTS

HCV RNA titers (Figure 1)

Mean titers of HCV RNA were significantly lower in the
splenectomized patients than in the cirrhotic controls
(186 +225%10° copies/mL »s 541 2417 %10’ copies/
mlL, P<0.01). Among the serotype 1-related patients (15
splenectomized and 29 controls), the splenectomized
patients showed a reduced viral load compared with the

ok ( N J [
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Figure 2 Relationship between HCV RNA titers and NK cell activity in non-
serotype 2 splenectomized patients. There was a significantly negative correlation
between HCV RNA titers and NK cell activity in non-serotype 2 splenectomized
patients.

controls (246%231 %10’ copies/mL s 590 £407 x 10°
copies/mL, P<0.01). Four (20.0%) of 20 splenectomized
patients showed eradicated HCV in serum after 11 years
of splenectomy in one patient, 12 years in two patients
and 16 years in one patient. Two of the 4 patients had
serotype 1-related HCV infection, while the serotype
was undetermined in the other 2 patients (Table 2). No
controls spontaneously eradicated HCV in their serum.
Among the splenectomized patients with serotype 1,
HCV RNA levels were lower, but not significantly lower
in patients with a longer follow-up time (=10 years)
than in those with a shorter follow-up time (<9 years;
1554202% 10" copies/mL vs 350+ 531 X 10° copies/
mL, P=0.103). No gender-related difference in virus
load was observed in controls with serotype 1 (12 males:
649 £469 X 10° copies/mL 25 17 females: 521329 x 10°
copies/ mL, P=0.43).
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Immunological markers (Table 1)

Peripheral activity of NK cells was significantly higher in
the splenectomized patients than in the controls. In both
splenectomized patients and controls, NK cell activity was
lower in patients complicated by HCC than in those with-
out HCC, although the difference was not significant [HCC
(+): 33.6% % 11.8%, HCC (-): 47.6%*18.1%, P=0.16].
NK cell activity in LC patients with an intact spleen was
not significantly different from that in healthy subjects (data
not shown).

The splenectomized patients showed a reduced propor-
tion of CD4 cells, a similar proportion of CD8 cells and
a significantly lower ratio of CD4/CD8 compated with
those of the controls. Serum sIL2R and $2-microglobulin
values were similat in both groups.

Relationship between HCV RNA levels and immunological
markers

In the splenectomized patients without serotype 2-related
infection, there was a significantly negative cortrelation
between HCV RNA titers and NK cell activity (Figure
2). Such a relationship was not found in the controls. No
relationships were found between HCV RNA levels and
CD4/CDS8 ratio, sIL.2R, or 2-microglobulin.

DISCUSSION

This was the first retrospective study to examine the ef-
fect of splenectomy on the reduction of HCV in cirrhotic
patients. We found that HCV RNA titers were signifi-
cantly lower in cirrhotic patients after splenectomy than
in cirrhotic controls with an intact spleen, indicating that
splenectomy can reduce virus burden. The mechanisms
through which splenectomy helps to reduce HCV remain
to be determined, but a few possibilities have been sug-
gested. One explanation for reduced viral load after sple-
nectomy is that it might be immunologically based. The
role of NK cells in controlling HCV replication remains
obscure, but NK cells hold the potential to play a vital role
in controlling HCV replication in hepatic cells using IFN-
gamma-dependent mechanism!”. Reports of the effect
of splenectomy on the peripheral activity of NK cells are
contradictory” ', In the present study, HCV-positive cit-
rhotic patients splenectomy had the augmented activity
of NK cells compared with those with an intact spleen.
An inverse correlation between HCV RNA titers and NK
cell activity was shown in the splenectomized patients, but
not in the controls with an intact spleen. In addition, Ikuta
et al™ reported that liver mononuclear cells from splec-
tomized mice produce a significantly larger amount of
IFN-gamma than those from sham-operated mice. Taken
together, increased NK cell activity post-splenectomy may
reduce virus burden in HCV-positive cirrhotic patients.
The association of cirrhosis with HCC”"™, cholesta-
: 1401 : : s 20] . .
sis", and protein calorie malnutrition™" is also important
because these factors may influence the petipheral activity
of NK cells in cirrhotic patients. Similar to previous re-
ports, our data showed that cirrhotic patients complicated
by HCC had a lower NK cell activity than those without
HCC. The incidence of complication of HCC was slightly
but not significantly higher in the splenectomized patients
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(35%) than in the controls (28%). Total bilirubin levels and
severity of liver cirrhosis according to Child’s classification
were similar between the splenectomized patients and the
controls. Accordingly, these biochemical and physiological
factors did not cause increased activity of NK cells in pa-
tients after splenectomy.

Splenectomized patients with a longer follow-up time
(=10 years) had lower HCV RNA levels than those with
a shorter follow-up time (9 <years), although the differ-
ence was not significant. Further research should attempt
to determine whether the lower HCV titers of patients with
a longer follow-up time are due to the natural course of
infection. To estimate the relevance of aging to virus load,
we examined the changes in HCV levels over a mean petiod
of 4.5 years in 20 patients with HCV-positive cirrhosis. The
mean HCV RNA titers did not vary significantly during this
petiod (baseline, 6.6 £9.2 Meq/mL,; after 4.5 years, 6.1£8.5
Meq/mL). Kato ¢t al " reported that the amount of HCV
RNA tends to increase as the duration of infection increas-
es. These findings indicate that the virus load of splenecto-
mized patients does not spontaneously reduce with age.

Interestingly, four splenectomized patients showed
spontanecous eradication of HCV, whereas cirrhotic con-
trols showed no such spontaneous clearance during the
observation period. This is in contrast to the findings that
spontaneous elimination of virus load rately occurs in pa-
tients with persistent HCV infection and chronic liver dis-
ease™. To date, little attention has been focused on iden-
tifying the viral and host factors involved in the spontane-
ous disappearance of serum HCV RNA, because the time
point of infection is unknown for many patients, which
makes a prospective evaluation of long-term outcome of
infection problematic. Evidence for factors related to the
natural disappearance of HCV has been reported by Furu-
zaki e a/™. HCV levels below 1.0 Meq/mL can contribute
to natural clearance of the virus. Thus, reduced virus load
caused by activated NK cells may have led to HCV eradi-
cation in four of the splenectomized patients.

The present findings suggest that splenectomy may
diminish or remit virus burden in HCV-positive cirrhotic
patients at least in part by increasing NK cell activity. How-
ever, simply because four HCV-eradicated patients undet-
went splenectomy before a method for HCV RNA assay
was developed, it would be rash to conclude that splenec-
tomy can lead to their clearance of HCV. Furthermore,
influence of surgery for esophageal varices and HCC on
virus load cannot be ruled out. A prospective study on
the effect of splenectomy on HCV replication should be
undertaken in order to clarify whether splenectomy may
reduce virus burden and/or eradicate HCV in serum of
HCV-positive cirrhosis.
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