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The pathological appearance of hyaline droplets in 
Kupffer cells is not specific to patients  
with autoimmune hepatitis
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Abstract: The roles of Kupffer cells in the pathogenesis of autoimmune hepatitis (AIH) remain uncertain. In this 
study, pathological significance of hyaline droplets in Kupffer cells was investigated in patients with AIH, primary 
biliary cholangitis (PBC), AIH/PBC overlap syndrome, chronic hepatitis C (CH-C) and nonalcoholic steatohepatitis 
(NASH). Hyaline droplets in Kupffer cells were commonly observed in 14 of 22 (64%) patients with AIH and 4 of 4 
(100%) patients with AIH/PBC overlap syndrome. However, the emergence of hyaline droplets in Kupffer cells was 
not associated with the severity of histological fibrosis or activity in patients with AIH. Serum immunoglobulin G (IgG) 
levels and titers of antinuclear antibodies (ANAs) did not affect the presence of hyaline droplets in Kupffer cells 
among AIH patients. Moreover, hyaline droplets in Kupffer cells were also present in eleven of 20 (55%) patients 
with PBC, four of 24 (17%) patients with CH-C and six of 15 (40%) patients with NASH. The existence of hyaline 
droplets in Kupffer cells was independent of serum IgG levels and seropositivity for ANAs in those subjects. These 
results suggest that the pathological appearance of hyaline droplets in Kupffer cells may not be specific to AIH, and 
that the emergence of hyaline droplets in Kupffer cells may be independent of autoimmune responses, including 
serum IgG levels and titers of ANAs, and hepatic fibrosis and activity in AIH patients. Further studies will be required 
to clarify the pathological relevance of hyaline droplets in Kupffer cells.
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Introduction

AIH, a chronic necro-inflammatory disease of 
the liver, is characterized by hypergammaglo- 
bulinemia, circulating autoantibodies including 
non-organ-specific and liver-specific autoanti-
bodies, association with human leukocyte anti-
gen (HLA)-DR3 or HLA-DR4, and a favorable 
response to immunosuppressive treatments 
[1]. A typical histological feature of AIH is pie- 
cemeal necrosis called “interface hepatitis”. 
Lymphoplasmacytic infiltrates, hepatocyte ro- 
sette formation and emperipolesis are also 
considered histological characteristics of AIH 
[2]. However, the presence of interface hepati-
tis alone does not always lead to a clinical diag-
nosis of AIH. We often treat patients with-  
non-autoimmune chronic liver disease that is 

histologically associated with interface hepati-
tis, including chronic viral hepatitis and no- 
nalcoholic steatohepatitis (NASH). Interface 
hepatitis is commonly observed in liver speci-
mens of patients with primary biliary cholangi-
tis (PBC). Moreover, non-organ-specific autoan-
tibodies, including antinuclear antibody (ANA) 
and smooth muscle antibody (SMA), are fre-
quently detected in the sera of patients with 
viral hepatitis, drug-induced hepatitis, nonalco-
holic fatty liver disease (NAFLD), and alcoholic 
liver diseaseaswell as autoimmune liver diseas-
es [3].

Kupffer cells are the resident macrophages 
that localized in the hepatic sinusoid. They play 
a crucial role in innate and acquired immune 
responses [4]. Their localization in the hepatic 
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sinusoid allows them to efficiently phagocytize 
a variety of pathogens entering from the portal 
vein or arterial circulations. They serve as a 
defense against particulates and immunoreac-
tive materials passing from the gastrointestinal 
tract via portal circulation. Accordingly, modifi-
cation or alteration of Kupffer cell function is 
closely associated with the pathogenesis of 
various kinds of liver diseases, including viral 
hepatitis, nonalcoholic fatty liver disease, alco-
holic liver injury, intrahepatic cholestasis, and 
liver fibrosis [4]. 

Hyperplasia of Kupffer cells was primarily 
observed in patients with chronic hepatitis [5], 
although the role of Kupffer cells in the specific 
pathogenesis of AIH is not well understood. A 
previous report demonstrated immunoglobulin 
deposition within the cytoplasm of Kupffer cells 
in patients with AIH [6]. However, that study did 
not reveal the clinical relevance of immuno-
globulin deposition in Kupffer cells of patients 
with chronic hepatitis as a whole.

Recently, Tucker and colleagues [7] described 
their observation of hyaline droplets within 
Kupffer cells of liver specimens in pediatric or 
juvenile patients with AIH. They emphasized 
that the hyaline droplets in Kupffer cells might 
become a novel pathological hallmark for dis-
tinguishing patients with AIH from those with 
other types of chronic hepatitis. Moreover, the 
authors revealed that AIH patients with hyaline 
droplets in Kupffer cells had significantly hig- 
her serum IgG levels than AIH patients with- 
out hyaline droplets. 

However, hyaline droplets in Kupffer cells need 
to be confirmed in adult patients with AIH, 
because Tucker and colleagues [7] focused  
primarily on pediatric or juvenile patients with 
AIH in the article. Moreover, there is still some 
question whether or not the pathological appe- 
arance of hyaline droplets in Kupffer cells is 
specific to patients with AIH, although the au- 
thors assigned patients with chronic hepatitis 
B (CH-B) and patients with chronic hepatitis C 
(CH-C) to the comparison groups.

Kupffer cells have been shown to be neces- 
sary for the activation of hepatic stellate cells, 
which are the most important source of trans-
forming growth factor-β (TGF-β) and platelet-
derived growth factor (PDGF) [7]. Therefore, the 
association between the emergence of hya- 
line droplets in Kupffer cells and the severity  

of hepatic fibrosis needs to be analyzed in 
patients with AIH.

The primary purposes of this study were to (i) 
confirm the prevalence of hyaline droplets in 
Kupffer cells of liver specimens in adult pa- 
tients with AIH, (ii) to investigate the specifi- 
city for hyaline droplets in Kupffer cells of liver 
specimens in patients with AIH, and (iii) to iden-
tify clinico-pathological factors related to the 
emergenceof hyaline dropletswithin Kupffer 
cells of liver specimens in patients with AIH.

Materials and methods

Study population

Twenty-two patients with type 1 AIH were ran-
domly selected from the patients who admit- 
ted to the Hospital of Kagawa University Sch- 
ool of Medicine, ranging in age from 30 to 84 
years old. The enrolled AIH patients fulfilled the 
criteria for “definite” AIH in the revised scor- 
ing system [9] proposed by the International 
Autoimmune Hepatitis Group. Four patients wi- 
th AIH/PBC overlap syndrome (AIH/PBC) were 
also enrolled in this study. Meanwhile, 20 pa- 
tients with PBC, 24 patients with chronic CH-C 
and 15 patients with NASH were assigned to 
the comparison groups.

Clinical diagnosis of PBC was primarily based 
on the guideline for the management of PBC 
proposed by the Japan Society of Hepatology 
(JSH) [10], while patients who met the Paris 
Criteria were identified as AIH/PBC [11]. CH-C 
patients were diagnosed as having detectable 
serum HCV-RNA as determined by polymerase 
chain reaction (PCR) [12] and showing histo- 
logical findings compatible with chronic hepa- 
titis [13]. Pathological diagnosis of NASH was 
made using Matteoni’s Classification [14]. The 
study protocol complied with all of the provi-
sions of the Declaration of Helsinki. The de- 
sign of this study was approved by the Ethical 
Committees of Kagawa Prefectural University 
of Health Sciences, and informed consent was 
obtained from each individual at entry. 

Laboratory assessments

Serum alanine aminotransferase (ALT), total 
bilirubin (T-Bil), and immunoglobulin G (IgG) lev-
els were determined by standard laboratory 
techniques. ANAs were determined by an indi-
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Figure 1. Detection of hyaline droplets in Kupffer 
cells by d-PAS staining.

rect immunofluorescent method, using HEp-2 
cells as a substrate. Seropositivity for ANAs 
was defined as a titer of 1:40 or higher.

Histological assessments

Liver tissue specimens were obtained by liver 
biopsy under the guidance of ultrasound, using 
16-gauge needles, before treatment. The tis-
sue samples were fixed in 10% formalin and 
embedded in paraffin. The tissue sections we- 
re then stained with hematoxylin and eosin 
(H&E) and periodic acid Schiff (PAS) post-dia-
stase (d-PAS) for the morphological evaluation. 
The severity of fibrosis and necroinflammation 
in the liver were graded in accordance with  
the New Inuyama Classification, a set of stan-
dard criteria for the histological assessment of 
chronic hepatitis in Japan [13] and the histo-
logical activity index (HAI) score designed by 
Knodell [15], respectively.

Statistical analysis

Data values are shown as means ± standard 
deviations (SDs). The Mann-Whitney U-test was 
applied for comparisons of two groups. Fisher’s 
exact probability test was used to compare  
differences in frequencies. P values of less 
than 0.05 were considered significant.

Results

The prevalence of hyaline droplets in Kupffer 
cells in patients with AIH

Hyaline droplets were present in the cytoplasm 
of Kupffer cells throughout the lobules. As 

shown in Figure 1, hyaline droplets stained with 
d-PAS had a granular appearance in Kupffer 
cells. Hyaline droplets were identified in Kupffer 
cells of 14 of 22 (64%) liver specimens from 
patients with AIH. All four (100%) patients with 
AIH/PBC had hyaline droplets in their Kupffer 
cells. Therefore, overall prevalence of hyaline 
droplets within Kupffer cells in patients with 
AIH and AIH/PBC was 69%.

The prevalence of hyaline droplets in Kupffer 
cells in other subjects 

The prevalence of hyaline droplets in Kupffer 
cells was also investigated in each of compari-
son group. Four of 24 (17%) patients with CH-C 
had hyaline droplets in Kupffer cells, indicating 
that the prevalence was lower in patients with 
CH-C than that in patients with AIH. In contrast, 
hyaline droplets in Kupffer cells were also found 
in eleven of 20 (55%) patients with PBC, and six 
of 15 (40%) patients with NASH (Table 1). 
These prevalences were not significantly differ-
ent from that in AIH.

No correlations between the appearance of 
hyaline droplets in Kupffer cells and laboratory 
parameters in patients with AIH

Next, we investigated the correlation between 
the appearance of hyaline droplets in Kupffer 
cells and biochemical and immunological 
parameters in patients with AIH. As shown in 
Table 2, no significant differences in serum IgG 
levels or ANA titers were found between AIH 
patients with and without hyaline droplets in 
Kupffer cells. The presence of hyaline droplets 
in Kupffer cells was also independent of serum 
ALT and T-Bil levels in those patients (Table 2).

No correlation between the appearance of 
hyaline droplets in Kupffer cells and severity 
of hepatic fibrosis or histological activity in 
patients with AIH

The association between the emergence of 
hyaline droplets in Kupffer cells and the degree 
of hepatic fibrosis was analyzed in patients wi- 
th AIH. The severity of hepatic fibrosis was ap- 
proximately equivalent between the AIH patient 
groups with and without hyaline droplets in 
Kupffer cells (Table 2). With regard to histologi-
cal activity, the difference in HAI score between 
the two groups was not significant (Table 2).



Hyaline droplets in Kupffer cells

8706	 Int J Clin Exp Pathol 2017;10(8):8703-8708

Table 3. Prevalence of hyaline droplets in Kupffer 
cells in ANA-positive and ANA-negative subjects

Seropositive 
for ANA

Seronegative 
for ANA p-value

PBC (n=20) 4/7 (57%) 7/13 (54%) 0.8876
CH-C (n=24) 2/11 (18%) 2/13 (15%) 0.8546
NASH (n=15) 0/6 (0%) 6/9 (68%) 0.0762

Table 2. Comparisons of clinical parameters 
between groups of AIH patientswith and without 
hyaline droplets in Kupffer cells

Hyaline 
droplet-positive 

(n=14)

Hyaline drop-
let-negative 

(n=8)
p-value

IgG(mg/dl) 3,073±1,005 3,012±695 0.6822
ALT (U/l) 402±428 315±235 0.8378
T-Bil (mg/dl) 2.5±3.4 1.4±0.7 0.7579
Titer of ANA 1:20×2

2.9±2.2
1:20×2

3.0±1.9
0.8606 

Fibrosis 2.36±0.75 2.38±0.74 0.7929
HAI score 14.2±2.2 15.4±2.7 0.2374

Table 1. Prevalence of hyaline droplets in Kupffer cells in each 
subject
AIH (n=22) AIH/PBC (n=4) PBC (n=20) CH-C (n=24) NASH (n=15)
14 (64%) 4 (100%) 11 (55%) 4 (17%) 6 (40%)
AIH, autoimmune hepatitis; PBC, primary biliary cholangitis; AIH/PBS, AIH/PBC 
overlap syndrome; CH-C, chronic hepatitis C; NASH, nonalcoholic steatohepatitis.

No correlation between the appearance of 
hyaline droplets in Kupffer cells and ANA sta-
tus in other subjects 

We examined the association of the appear-
ance of hyaline droplets in Kupffer cells with 
autoimmune responses in comparison sub-
jects. First, the relationships between the 
appearance of hyaline droplets in Kupffer cells 
and seropositivity for ANA were investigated in 
patients with PBC, CH-C and NASH. All AIH 
patients and AIH/PBC patients were seroposi-
tive for ANA. In contrast, seven of 20 (35%) 
patients with PBC, eleven of 24 (46%) patients 
with CH-C, six of 15 (40%) patients with NASH 
had ANA. There was no significant difference in 
the prevalence of hyaline droplets in Kupffer 
cells between ANA-positive and ANA-negative 
PBC patients (57% vs. 54%, P=0.8642, Table 
3). The appearance of hyaline droplets in 
Kupffer cells was also independent of ANA sta-
tus in patients with CH-C and NASH. Likewise, 

no significant differences in 
serum IgG levels were found 
between hyaline droplet-posi-
tive and-negative groups am- 
ong those subjects (data not 
shown).

Discussion

This present study found approximately the 
same prevalence of hyaline droplets in adult 
patients with AIH and AIH/PBC that previously 
found in pediatric or juvenile patients in those 
disease categories, indicating that hyaline 
droplets in Kupffer cells was a common fea- 
ture of adult patients with AIH as well. How- 
ever, unlike Tucker and colleagues’ data, ours 
fell short of demonstrating that the presence of 
hyaline droplets in Kupffer cells was asso- 
ciated with serum IgG levels among patients 
with AIH, although Tucker and colleagues dem-
onstrated that [7]. In addition, the existence of 
hyaline droplets in Kupffer cells was indepen-
dent of seropositivity for ANA in patients with 
PBC, CH-C or NASH. These results may imply 
that the appearance of hyaline droplets within 
Kupffer cells does not reflect the extent of au- 
toimmune responses in patients with chronic 
liver diseases.

Dysfunction of monocytes/macrophages is li- 
kely to play crucial roles in the pathogenesis  
of a variety of autoimmune diseases [16]. 
However, it is not well understood whether or 
not Kupffer cells are involved in the patho- 
genesis of AIH. It is of interest that Lin and col-
leagues [17] recently elucidated that alteration 
in the function of Kupffer cells might trigger the 
pathogenesis of AIH.

We hypothesized hyaline droplets in Kupffer 
cells would be associated with some kind of 
activation. Activated Kupffer cells might result 
in the facilitation of TGF-β and PDGF release 
which requires the proliferation of hepatic stel-
late cells and subsequently progresses to he- 
patic fibrosis. Hence, we speculated that the 
appearance of hyaline droplets in Kupffer cells 
might reflect advanced hepatic fibrosis in pa- 
tients with AIH. Unexpectedly, the existence of 
hyaline droplets in Kupffer cells was not sta- 
tistically associated with the progression of 
hepatic fibrosis in our AIH patients. Moreover, 
this study revealed that the presence of hyaline 
droplets in Kupffer cells of AIH patients was not 
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associated with histological activity (grading), 
either.

To our surprise, hyaline droplets in Kupffer  
cells were frequently found in liver specimens 
from patients with PBC or NASH, as well. This 
result may indicate that the pathological pres-
ence of hyaline droplets in Kupffer cells is not 
specific to patients with AIH. Tucker and col-
leagues reported that the hyaline droplets in 
Kupffer cells were frequently observed in young 
patients with AIH, although they were rarely 
present in patients with CH-B or CH-C [7]. The 
authors speculated that the appearance of  
hyaline droplets in Kupffer cells might become 
a novel pathological hallmark for AIH. In con- 
trast, our results showed that the prevalences 
of hyaline droplets in Kupffer cells in patients 
with PBC or NASH were approximately equiva-
lent to that in adult patients with AIH. It has 
been widely recognized that ANAs are frequ- 
ently detected in the sera of patients with PBC, 
NASH and CH-C [18-20]. Indeed, around 40% 
of those subjects had ANAs in the current stu- 
dy. However, the emergence of hyaline droplets 
in Kupffer cells was neither associated with 
ANA status nor serum IgG levels in those sub- 
jects. 

Taking these data described above into con- 
sideration, we failed to demonstrate any spe- 
cificity for the appearance of hyaline droplets  
in Kupffer cells of AIH patients, or any associa-
tion with particular clinical characteristics of 
AIH patients. Further examinations will be re- 
quired to clarify the pathological significance  
of hyaline droplets in Kupffer cells.

There are a few limitations in this study. Gra- 
nular staining with d-PAS in Kupffer cells can  
be observed in lysosomal granules as well as  
in hyaline droplets. There is apossibility of oc- 
casionally misreading lysosomal granules as 
hyaline droplets in Kupffer cells. An immuno- 
histochemical analysis using anti-CD68, a 
marker for macrophages, is able to discrimi-
nate hyaline droplets from lysosomal granules 
in Kupffer cells. Hyaline droplets in Kupffer 
cells arenot usually stained with anti-CD68, 
while lysosomal granules are strongly positive 
for anti-CD68. Unfortunately, this immuno- 
histochemical procedure was not performed in 
this study.

Tucker and colleagues revealed that IgG-or  
IgA-positive cytoplasmic globules which were 

identical to hyaline droplets were observed in 
Kupffer cells [7]. However, we did not perform 
IgA or IgG immunohistochemistry in the liver 
specimens. Therefore, the correlation between 
serum IgG level and the degree of IgG deposits 
in Kupffer cells was not examined.

In summary, hyaline droplets was commonly 
observedin Kupffer cells of adult patients with 
AIH and AIH/PBC. However, the pathological 
appearance of hyaline droplets in Kupffer cells 
was not necessarily specific to patients with 
AIH or AIH/PBC. The presence of hyaline drop-
lets in Kupffer cells was independent of the 
autoimmune responses and histological fibro-
sis or activity among patients with AIH. Thus, 
further studies will be essential to clarify the 
immunological and pathological significance of 
hyaline droplets in Kupffer cells of liver spe- 
cimens from patients with chronic liver dis- 
eases.
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