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Abstract
AIM: To estimate the contribution of autoimmune 
thrombocytopenia to hepatitis C virus-related liver 
cirrhosis (type C cirrhosis), we evaluated the influence of 
splenectomy upon platelet-associated immunoglobulin G 
(PAIgG) levels and platelet numbers.

METHODS: PAIgG titers and immune markers were 
determined in 24 type C cirrhotic patients with an 
intact spleen, 17 type C cirrhotic patients submitted 
to splenectomy, and 21 non-C cirrhosis with an intact 
spleen. 

RESULTS: Thrombocytopenia (PLT<15×104/μL) in type 
C cirrhosis was diagnosed in all patients with an intact 
spleen, 8 patients submitted to splenectomy, and in 
19 non-C cirrhosis with intact spleen. Elevated titers of 
PAIgG at more than 25.0 ng/107cells were detected in all 
cirrhotic patients except for one splenectomized patient. 
PAIgG titers (ng/107cells) were significantly higher in 
the type C cirrhosis with an intact spleen (247.9 ± 197.0) 
compared with the splenectomized patients (125.6±87.8) 
or non-C cirrhosis (152.4 ± 127.4). PAIgG titers were 
negatively correlated with platelet counts in type C 
cirrhotic patients with an intact spleen. In comparison 
with the type C cirrhosis with an intact spleen, the 
splenectomized patients had a reduced CD4/CD8 ratio 
and serum neopterin levels. The spleen index (cm2) was 
negatively correlated with platelet counts in the non-C 
cirrhosis, but not in the type C cirrhosis.

CONCLUSION: Our data indicate that the autoimmune 
mechanism plays an important role in thrombocytosis 
complicated by HCV-positive cirrhosis. In addition, 
splenectomy may impair T cells function through, at 
least in part, a reduction of CD4/CD8 ratio, consequently 
suppressing PAIgG production.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Accompanying thrombocytopenia in patients with liver 
cirrhosis was initially attributed to an increase in platelet 
sequestration in the enlarged spleen secondary to portal 
hypertension[1]. Elevated platelet counts after procedures, 
such as transjugular intrahepatic portosystemic shunt[2,3], 
partial splenic embolization[4,5], splenectomy[6], and shunt 
operation[7,8], confirmed this theory.  Nevertheless, 
controversial results on the relief  of  portal hypertension by 
surgical means have shown a reduction in spleen size with 
no concomitant persistent rise in platelet counts unless 
accompanied by liver transplantation[9]. Thus, the clinical 
significance of  portal hypertension in the pathogenesis 
of  thrombocytopenia in liver cirrhosis remains to be 
elucidated. Recently, not only impaired production 
of  thrombopoietin, which regulates megakariocyte 
development[10,11], but also immune disturbance is thought 
to be responsible for thrombocytopenia associated with 
cirrhosis. In autoimmune-mediated thrombocytopenia, 
patients with chronic liver disease had a high incidence of  
platelet-associated immunoglobulin G (PAIgG)[12-16]. Pereira 
et al[12] detected autoantibodies that reacted specifically with 
platelet membrane glycoprotein in chronic liver disease, 
suggesting that an immune mechanism may participate in 
the induction or aggravation of  thrombocytopenia.
    Hepatitis C virus (HCV) has been identified as a 
major causative agent for parenterally transmitted non-A 
non-B hepatitis throughout the world[17]. Approximately 
85% of  HCV-infected individuals fail to clear the virus 
and develop persistent chronic hepatitis which leads to 
cirrhosis[18]. Chronic HCV infection is associated with an 
increased risk of  liver cancer, and most cases of  HCV-
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related hepatocellular carcinoma occur in the presence of  
cirrhosis. In addition, HCV infection is often associated 
with immune disturbance, including the development of  
autoantibodies and an increased frequency of  immune-
mediated disease[19]. We already hypothesized that chronic 
HCV infection may cause autoimmune thrombocytopenia 
because of  prevalence of  elevated levels of  PAIgG 
and an inverse correlation between PAIgG titers and 
platelet counts[20]. On the other hand, Kosugi et al [21] 
reported that hepatitis C patients had a high incidence 
of  PAIgM but relatively low levels of  PAIgG, insisting 
that thrombocytopenia in hepatitis C patients was not 
due to anti-platelet autoantibodies. Substantial evidence 
exists that PAIgG is frequently identified in HCV-positive 
patients[20,22], but whether this immunoglobulin acts as a 
specific anti-platelet antibody remains unclear.
    The role of  spleen in PAIgG production and modification 
of  cell-mediated immunity was previously reported in 
patients with idiopathic thrombocytic purpura (ITP), in 
whom the prevalence of  PAIgG was found to contribute 
to the development of  autoimmune thrombocytopenia[23]. 
Chronic ITP patients characteristically had varied PAIgG 
levels post-splenectomy[24], but showed immediate 
normalization in splenectomy-responders[25]. In ITP 
patients, CD4+ and HLA-DR-restricted T cells to platelet 
membrane GPIIb-IIIa were found to involve in the 
production of  anti-platelet autoantibodies[26]. These results 
suggest that splenectomy may modify PAIgG production 
and immune mediators in patients with chronic HCV 
infection. In the present study, we, in order to elucidate the 
role of  autoimmune thrombocytopenia in the development 
HCV-positive liver cirrhosis, retrospectively evaluated the 
influence of  splenectomy on PAIgG levels and platelet 
counts, as well as cellular and humoral immune mediators.

MATERIALS AND METHODS
Patients
In the present study, 41 patients with type C cirrhosis, who 
were referred to our hospital, were enrolled. They were 
found to be seropositive for HCV antibodies detected a 
second or third generation enzyme-linked immunosorbent 
assay (Ortho Diagnostic System Co., Ltd., Tokyo, Japan) 
and/or recombinant immunoblot assay (Chiron RIBA-2 
and/or RIBA-3). Seventeen patients had undergone 
splenectomy in association with surgery for esophageal 
varices (the splenectomies). The mean duration of  follow-
up after splenectomy was 11.5 ± 4.7 years (range, 2 to 19 
years). Twenty-four consecutive cirrhotic patients had 
an intact spleen (the non-splenectomies). In addition, 20 
cirrhotic patients including 10 hepatitis B, 4 autoimmune 
hepatitis, 3 alcoholic and 3 idiopathic cirrhosis served 
as the non-C cirrhosis. All the non-splenectomies and 
non-C cirrhosis had esophageal varices complication, and 
eight of  the non-splenectomies and five of  the non-C 
cirrhosis received treatment for the varices by endoscopic 
sclerotherapy and/or band ligation.
    Morphological diagnosis of  cirrhosis was performed 
in all the splenectomies, 15 non-splenectomies and 12 
non-C cirrhosis. The others were diagnosed clinically, and 
they had typical laboratory findings of  liver cirrhosis and 

characteristic liver imaging on computed tomography or 
ultrasonography.  Patients' characteristics are shown in 
Table 1. Clinical features were similar among the three 
groups. Informed consent was obtained from each patient 
according to the Helsinki Declaration.

Assays
Quantitative HCV-RNA was analyzed from serum samples 
by a combined reverse transcription PCR assay (Amplicor-
HCV monitor). Peripheral blood counts and liver function 
parameters were measured by an autoanalyzer.
    Quantity of  PAIgG was determined by a competitive 
micro enzyme-linked immunosorbent assay (ELISA) as 
described by Kawaguchi et al[27]. Briefly, platelets were 
separated from whole blood collected in EDTA, and 
washed with phosphate-buffered saline containing 11 g/L 
bovine serum albumin. The ELISA was performed in 
96-well microplates coated with purified human IgG. 
A horseradish peroxidase-conjugated anti-human IgG 
antibody was incubated simultaneously with the samples, 
and visualized with o-phenylenediamine.  PAIgG titers 
from 49 healthy individuals were within 25.0 ng/107 cells 
(mean, 16.4 ± 4.2 ng/107 cells)[20]. 
    The proportion of  CD4 and CD8 subsets of  periph-
eral bloods was assayed by flow cytometry. The levels of  
neopterin and soluble interleukin-2 receptor (sIL2R) were 
measured using HPLC and Cell Free IL-2R EIA kit, re-
spectively. Immunological markers and PAIgG were deter-
mined using fresh blood samples.
    Spleen size in cirrhotic patients was evaluated as spleen 
index using ultrasonography as previously reported[28], in 
which spleen index correlated well with the volumes of  
resected spleens. Briefly, the spleen index was calculated as 
the product of  the transverse diameter and its perpendicu-
lar diameter measured on the maximum cross-sectional 
image of  the spleen, and expressed in cm2. Values obtained 
from healthy individuals were below 20 cm2, and the mean 
values of  28 healthy controls were 15 ± 7 cm2[28].

Statistical analysis
Values were expressed as mean±SD. Comparisons of  the 
serum measurements among patients of  the splenecto-
mies, non-splenectomies and non-C cirrhosis were carried 
out using analysis of  variance (ANOVA), and analyses of  

Table 1 Characteristics of the patients (n , mean±SD)
 

                           Type C cirrhosis       Type C cirrhosis      Non-C cirrhosis
                                                submitted to splenectomy  

Number                              17                           24                                 20    
Age (yr)                          62.6 ± 10.6             63.0 ± 7.1                       61.8 ± 9.5 

Gender    
      Female                           10                          15                                 10    
      Male                                 7                            9                                 10  
Child’s classification       

              A                            11                           13                                   9       
              B                               4                            6                                   7       
              C                              2                             4                                   4  
Association of HCC            4                             7                                  5 

Non-C cirrhosis consisted of 10 hepatitis B, 4 autoimmune hepatitis, 3 
alcoholic and 3 idiopathic cirrhosis. HCC: hepatocellular carcinoma.   
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non-parametric data between two groups were carried out 
by Mann-Whitney U test. A correlation was calculated with 
the Spearman’s rank correlation coefficient.

RESULTS
Laboratory findings and spleen index
Thrombocytopenia (PLT<15×104/μL) was diagnosed in 
all the non-splenectomies  (100%), eight of  the splenectomies 
(47.1%), and 19 of  the non-C cirrhosis (95.0%) (Table 2). 
Marked thrombocytopenia at less than 10×104/μL was 
obviously found in the non-splenectomies (79.2%) and the 
non-C cirrhosis (65.0%) as compared with the splenec-
tomies (11.8%). Peripheral platelet and white blood cells 
were significantly higher in the splenectomies than that 
in the non-splenectomies and non-C cirrhosis (P < 0.01). 
Platelets and white blood cells were similar in the non-
splenectomies and non-C cirrhosis. Red blood cell counts 
were not changed among the three groups. No difference 
was found among the three groups for liver function pa-
rameters except for total bilirubin levels and HCV-RNA 
titers.
    Spleen index ranged widely from 9.6 to 42.0 cm2. The 

mean spleen index was above the upper limit of  normal 
individuals (20 cm2) in both type C cirrhosis (24.6 ± 8.0 cm2) 
and non-C cirrhosis (23.5 ± 8.0 cm2).

Immunological markers
An elevation of  PAIgG at more than 25.0 ng/107cells 
was observed in all cirrhotic patients except for one 
splenectomized patient. The mean PAIgG titers were sig-
nificantly higher in the non-splenectomies as compared 
with the splenectomies (297.9 ± 197.0 vs 125.6 ± 87.8 
ng/107cells, P < 0.05) and non-C cirrhosis  (297.9 ± 197.0 vs 
152.4 ± 127.4 ng/107cells, P < 0.05). There was no signifi-
cant difference in PAIgG titers between the splenectomies 
and the non-C cirrhosis (Figure 1). In comparison with 
the type C cirrhotic patients, the splenectomies had re-
duced percentage of  CD4 and similar percentage of  CD8, 
resulting in a lower ratio of  CD4/CD8 than those of  the 
non-splenectomies. In addition, neopterin levels were 
significantly lower in the splenectomies as compared with 
the non-splenectomies, while sIL2R levels were similar be-
tween the two groups (Table 3).

Correlation between peripheral blood cells, immunological 
markers and spleen index
In the non-splenectomies, PAIgG titers were negatively 
correlated with platelet counts, and positively correlated 
with IgG and γ-globulin levels (Figure 2). In the non-C cir-
rhosis, PAIgG titers were neither correlated with platelet 
counts nor with IgG and γ-globulin levels. A significant 
negative correlation between the spleen index and platelet 
counts was found in the non-C cirrhosis, whereas not in 
the type C cirrhosis (Figure 3). In addition, the spleen in-
dex was negatively correlated with white blood cell counts 
in both type C and non-C cirrhosis. In the splenectomies, 
PAIgG titers were not correlated with platelet counts, 
γ-globulin levels, or the duration of  follow-up after sple-
nectomy.

DISCUSSION
Our data demonstrated that the HCV-positive cirrhosis 
(type C cirrhosis) with an intact spleen had a significant rise 

Figure 1 PAIgG titers in the type C cirrhosis with an intact spleen, type C cirrhosis 
submitted to splenomegaly, and non-C cirrhosis. The type C cirrhosis with an 
intact spleen had significant higher titers of PAIgG as compared with those of the 
splenectomized patients with type C cirrhosis and non-C cirrhosis.
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Table 2 Laboratory findings in the type C cirrhotic and non-C 
cirrhotic patients (n , mean±SD)

                            Type C cirrhosis     Type C cirrhosis     Non-C cirrhosis
                                                submitted to splenectomy  

RBC (×104/μL)                    379 ± 61                     374 ± 65                381 ± 63 
WBC (/μL)                       3 652 ± 1 080             5 855 ± 1 5951       3 832 ± 1 048 
Platelet (×104/μL)                8.2 ± 2.9                  16.1 ± 4.91               9.2 ± 3.4
      > 15.0                                    0                                9                            1
     10.0-14.9                                5                               6                            6
      < 9.9                                    19                               2                           13 
ALT (IU/L)                        58.2 ± 25.3                 51.1 ± 35.2            40.6 ± 23.8           
Total bilirubin (mg/dL)     1.4 ± 1.2                     0.9 ± 0.31              2.3 ± 1.8 
Albumin (g/L)                      37 ± 4                        37 ± 6                    34 ± 8 
r-globulin (g/L)                    21 ± 0.5                      22 ± 6                    20 ± 9
IgG (mg/ dL)                   2 454 ± 693                  no assay            2 220 ± 877   
HCV RNA (kcopies/mL)  523 ± 403                  198 ± 2512

Splenic index (cm2)
                          - 19               6 cases                                                      5 cases          
                     20 - 29             11 cases                                                      9 cases          
                     30 - 39               6 cases                                                      5 cases            
                     40 -                    1 case                                                        3 cases

ALT: alanine aminotransferase. 1: Significant difference compared with the 
type C cirrhosis with an intact spleen and non-C cirrhosis. 2: Significant 
difference compared with the type C cirrhosis with an intact spleen.

Table 3 Immunological markers in patients with type C cirrhosis 
(mean±SD)

                                     Type C cirrhosis            Type C cirrhosis        
                                                               submitted to splenectomy  

Neopterin (pmol/mL)                  8.3 ± 3.2                                  5.2 ± 2.5b     
sIL2R (U/mL)                            850.7 ± 175.9                         877.2 ± 458.6          
CD4 (%)                                        43.1 ± 8.6                                33.4 ± 7.6    
CD8 (%)                                        27.6 ± 7.9                                29.6 ± 9.6    
CD4/CD8 ratio                              1.8 ± 0.9                                 1.3 ± 0.4a

sIL2R: Soluble interleukin-2 receptor. aP < 0.05 vs type C cirrhosis with an 
intact spleen; bP < 0.01 vs type C cirrhosis with an intact spleen.
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of  PAIgG as compared with the non-C cirrhosis, including 
hepatitis B infection, autoimmune hepatitis, alcohol abuse, 
and idiopathic cirrhosis. PAIgG titers were negatively cor-
related with platelet counts in the type C cirrhosis with 
an intact spleen. The type C cirrhotic patients submitted 
to splenectomy showed a significant elevation of  plate-
let counts and reduction in PAIgG titers compared with 
those of  the patients with an intact spleen. Similar PAIgG 
and platelet levels following splenectomy are commonly 
found in ITP patients, in whom the thrombocytopenia is 
responsible for the autoimmune mechanism mediated by 
a specific IgG bound to platelet membrane proteins[24,25]. 
There exist controversies regarding the clinical significance 
of  PAIgG in pathogenesis of  thrombocytopenia in the 
patients with liver disease[7,14,29,30]. Two studies on partial 
splenic artery embolization in patients with hypersplenism 
clearly confirmed an immunological mechanism medi-
ated by PAIgG-induced thrombocytopenia accompanying 
liver cirrhosis[7,14]. These studies reported a significant rise 
in platelet numbers and a significant fall in PAIgG levels 
after partial splenic artery embolization. In the present 
study, the changes in PAIgG levels and platelet numbers 
among the type C cirrhotic patients with or without an 
intact spleen are practically similar to those previous re-
sults. These data support a key role of  spleen in PAIgG 
production and that an autoimmune mechanism plays an 
important role in the development of  thrombocytopenia 
associated with HCV-positive cirrhosis. On the contrary, a 
non-specific adsorption of  elevated γ-globulin by platelets 
was suspiciously reported on chronic liver disease[27]. Our 
data found a negative correlation between PAIgG titers 
and platelet counts in the type C cirrhosis with an intact 
spleen, but not in the non-C cirrhosis. Presumably, the 
elevated PAIgG in the type C cirrhosis may act as anti-
platelet autoantibodies. However, we found a positive cor-
relation between PAIgG titers and IgG levels in the type C 
cirrhosis with an intact spleen. This result is in agreement 
with that of  de Noronha et al[31] in the patients with various 
liver diseases. The methods used for quantitating PAIgG in 
their study as well as in our study appear to measure total 
PAIgG, which is not equivalent to platelet-specific autoan-
tibodies. They suggested that increased platelet IgG was 
due to enhanced retention of  plasma IgG in the platelets. 

In our study, despite similar γ-globulin levels, a relationship 
between PAIgG and γ-globulin was found neither in the 
splenectomized patients with type C cirrhosis nor in the 
non-C cirrhotic patients. Consequently, the theory of  ‘en-
hanced retention of  IgG in the platelets’ proposed by de 
Noronha et al [31] is deniable in the present study.  
    Semple et al[32] indicated that CD4+ T-helper cells 
from patients with ITP are stimulated by normal platelet 
antigen(s) to secrete IL-2 and may modulate the enhanced 
anti-platelet autoantibody response. The underlying mech-
anisms for the production of  anti-platelet autoantibodies 
require CD4+ and HLA-DR-restricted T cells to GPIIb-
IIIa in ITP patients[26]. GPIb+ cells isolated from spleens 
of  patients with chronic ITP strongly expressed HLA-
DR, and splenic T cells had a high level of  in vitro platelet-
stimulated IL-2 secretion as compared with the controls[33]. 
Thus, the spleen is such an important site for antibody 
production in patients with chronic ITP that the levels of  
PAIgG rapidly normalize in response to a splenectomy[24,34]. 
Our data showed that compared with the type C cirrhosis 
with an intact spleen, the type C cirrhosis submitted to 
splenectomy had lower CD4/CD8 ratio because of  a re-
duced percentage of  CD4+ T cells. Neopterin is secreted 
by macrophages when stimulated for helper functions in 
the proliferation and activation of  T cells. This immune 
marker was significantly decreased in the type C cirrhosis 
submitted to splenectomy compared to the type C cirrhot-
ic patients with an intact spleen, supporting impaired T cell 
function following splenectomy. Taken together, previous 
and present results indicate that splenectomy may impair 
T cell function in HCV-positive liver cirrhosis through, at 
least in part, a reduction in CD4/CD8 ratio, which thereby 
suppresses PAIgG production. The data from the present 
study provide some indications that the spleen induces 
helper T-cell proliferation, but a further research is neces-
sary to clarify the role of  spleen in PAIgG production and 
T helper lymphocyte cytokine production. 
    Hypersplenism due to portal hypertension is believed as 
a major cause of  thrombocytopenia complicated with liver 
cirrhosis; however, studies on the relief  of  portal hyper-
tension have yielded the controversial results that observ-
able reduction in spleen size is not associated with a con-
comitant persistent rise in platelet counts, unless accom-

Figure 2 Relationships among PAIgG titters, platelet counts, and IgG levels in the 
type C cirrhosis with an intact spleen. PAIgG titers are negatively correlated with 
platelet counts, and positively correlated with IgG levels.

1 200

1 000

   800

   600

   400

   200

       0

1 200

1 000

   800

   600

   400

   200

       0
4     6     8    10    12   14 1 000  2 000   3 000   4 000

Platelet counts (×104/μL) IgG (mg/dL)

r  = -0.417
P  < 0.05

r  = 0.670

P  < 0.001

  
 P

AI
gG

 (
ng

/1
07  c

el
ls

)

  
 P

AI
gG

 (
ng

/1
07  c

el
ls

)

BA

Figure 3 Relationship between the spleen index and platelet counts. A significant 
negative correlation is shown in the patients with non-C cirrhosis, but not in the 
type C cirrhosis with an intact spleen.
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panied by liver transplantation[8,9]. Thus, the role played by 
immune disturbance as well as thrombopoietin is an attrac-
tive possibility in the pathogenesis of  thrombocytopenia 
concomitant with liver cirrhosis. Noguchi et al[5] observed 
the improved numbers and survival time of  platelets and 
reduction in the raised PAIgG levels by partial splenic ar-
tery embolization in cirrhotic patients with hypersplenism. 
Owing to a negative correlation between platelet numbers 
and splenic volume before and after the procedure, they 
concluded that partial splenic artery embolization may not 
only reduce the increased platelet pool in the spleen, but 
also improve the autoimmune thrombocytopenia induced 
by cirrhosis. In the present study, the elevated platelets and 
reduced PAIgG levels in the splenectomized patients sup-
port their results. In addition, the present study showed 
that spleen size was correlated with platelets counts in the 
non-C cirrhotic patients. The data suggested that hyper-
splenism due to portal hypertension is assumed to be a 
major cause of  thrombocytopenia observed in the non-C 
cirrhotic patients. If  no significant relationship is found 
between the spleen index and platelet counts in HCV-
positive cirrhotic patients, autoimmune disturbance may be 
the most likely principal mechanism for thrombocytopenia 
rather than sequestration and/or destruction of  platelets 
secondary to hypersplenism.
    In the present retrospective study, we confirmed that 
the autoimmune disturbance induces thrombocytopenia 
associated with liver cirrhosis which is related to HCV-
infection. Prospective pre- and post-splenectomy studies 
should elucidate the role of  spleen in PAIgG production, 
platelet sequestration and destruction, as well as cellular 
and humoral immunity.
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