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Abstract. Concomitantly to the obesity epidemic, nonalco-
holic fatty liver disease (NAFLD) has become the leading 
cause of liver disease in children. NAFLD encompasses a 
spectrum of histological damage ranging from simple steatosis 
to nonalcoholic steatohepatitis (NASH), with possible progres-
sion to cirrhosis. There is growing evidence that the immune 
system plays a pivotal role in the initiation and progression 
to NASH but the cellular nature of the hepatic inflammation 
is still unknown. The present study includes 34 children with 
biopsy-proven NAFLD. Liver damage was evaluated by the 
NAFLD activity score (NAS), and the inflammatory infiltrate 
was characterized by immunohistochemistry for CD45, CD3 
and CD163 which are markers of leukocytes, T  cells and 
activated Kupffer cells/macrophages, respectively. Our results 
have shown that CD45+ (P<0.0001) and CD163+ (P<0.0001) 
cells were markedly increased in children with severe histo-
logical activity (NAS≥5) compared to children with lower 
activity (NAS<5), whereas CD3+ cells were significantly 
lower (P<0.01) in children with severe histological activity. 
There was a significant association between the numbers of 
CD45+, CD3+ and CD163+ cells, regarding both the portal 
tract and liver lobule, and the severity of steatosis, ballooning 
and fibrosis (P<0.01). These data suggest that the severity 

and composition of the inflammatory infiltrate correlate with 
steatosis and the severity of disease in children with NAFLD. 
Moreover, a decrease in CD3+ cells may be involved in the 
pathogenesis of liver damage. Future studies should evaluate 
whether it can predict the progression of liver disease indepen-
dently of established histological scores.

Introduction

Nonalcoholic fatty liver disease (NAFLD) is an increasingly 
recognized cause of liver-related morbidity and mortality 
in children (1,2). At present, the prevalence of NAFLD is 
estimated at a value of 3-10% in children of westernized coun-
tries. Nevertheless, due to its correlation with the epidemic 
pediatric obesity, this percentage increases up to 50-70% in 
obese subjects (3,4). As in adults, pediatric NAFLD includes a 
spectrum of diseases ranging from fatty liver to nonalcoholic 
steatohepatitis (NASH), which may progress to fibrosis and its 
complications (5-7).

Early diagnosis to evaluate grade and stage of the disease, 
as well as effective and safe therapeutic approaches for the 
more advanced state of NASH (i.e. the presence of mild 
and severe fibrosis) are urgently required to counterbalance 
the escalation of pediatric NAFLD (8,9). Most therapeutic 
approches, already available or under investigation, target the 
major pathways which have been implicated in the pathogen-
esis of NAFLD/NASH (10-12). Intrahepatic fat accumulation 
and insulin resistance represent the primary events promoting 
fatty liver, which in turn may progress to NASH by a compli-
cated network of secondary hits, including pro-inflammatory 
molecules, oxidative stress response, increased cell death by 
apoptosis and other signals capable to sustain the axis gut-
adipose tissue-liver (10,12,13).

Furthermore, growing evidence demonstrates that 
NAFLD, similarly to other liver diseases, is characterized 
by intricate interactions between resident and recruited cells 
which may determine the type and severity of liver damage. 
Particularly there is an increasing recognition of the potential 
role of macrophages in danger recognition, immune tolerance 
response and derangement of lipid homeostasis that charac-
terize NAFLD (14). Rivera et al (17) have reported that Kupffer 
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cell depletion, in mice on a methionine and choline deficient 
(MCD) diet (an established experimental model of NASH), 
prevented hepatic fat accumulation and liver damage. Kupffer 
cells are also important regulators of the biological exchanges 
between hepatocytes and other liver cells; they engage and 
sustain the action of neutrophils, natural killer T lymphocytes 
(NKT) and blood monocyte-derived macrophages; they 
phagocytose and remove microorganisms, apoptotic cells 
and cell debris; besides they process and present antigens to 
attract cytotoxic and regulatory T cells contributing to the 
adaptive immunity (18). Several studies demonstrated that 
failure of Kupffer cells to properly exert these functions play 
a critical role in various forms of liver injury (19-21). Thus 
Kupffer cells may contribute both to the development of fatty 
liver and its progression to NASH (22,23). In fact an increased 
gut-derived endotoxemia may activate Kupffer cells via Toll-
like receptor 4 (TLR-4) signaling. The interaction between 
TLR-4 and endotoxin results in the release of a myriad of 
pro-inflammatory mediators which induce hepatic injury and 
fibrosis (24). Recently, Kremer et al (25) demonstrated that 
hepatosteatosis, in mice fed an MCD diet, is characterized 
at the hepatic level by an induction of interferon-γ and tumor 
necrosis factor-α, an elevated content of interleukin (IL)-12 
and a remarkable reduction in the number and activity of 
NKT cells. The authors also highlighted that the reduction of 
the NKT cell population is due to the activation of Kupffer 
cells via an endotoxin-mediated mechanism. Furthermore, 
Stienstra et al (26) demonstrated a relevant role of the Kupffer 
cells in hepatic triglyceride storage, promoting hepatic 
steatosis by means of IL-1β-mediated suppression of peroxi-
some proliferator-activated receptor α (PPAR-α) activity.

Based on these findings increased levels of activated 
Kupffer cells and consequently reduced levels of NKT may 
be a novel interesting molecular pattern to define the severity 
of biological alterations underpinning the progression of liver 
damage in NAFLD.

Here we used three different surface markers (CD45, CD3 
and CD163) to investigate whether the cellular nature of inflam-
matory infiltrate in liver tissue, from children with the whole 
spectrum of NAFLD, is associated with the severity of liver 
damage. CD45, known as common leukocyte antigen, is one 
of the most abundant leukocyte cell surface glycoproteins and 
its expression is restricted to haematopoietic cells (27). CD3 
antigen represents the most specific as well the most sensitive 
T cells lineage marker, including NK and NKT (27). CD163 
is a member of the cysteine scavenger receptor superfamily 
that is expressed in the cells of monocyte/macrophage origin, 
including Kupffer cells (28). It is also expressed in resident 
scavenger cells such as those derived from monocyte/macro-
phage (29). Our results suggest a correlation between numbers 
of CD3+, CD163+ and CD45+ cells and the severity of NAFLD.

Materials and methods

Patients and laboratory/clinical data. In this study we analyzed 
34 archival liver samples derived from our cohort of well-char-
acterized subjects with liver biopsy-proven NAFLD. Indications 
for liver biopsy in this series were previously reported (1). The 
samples were derived from patients referred from January 
2007 to March 2008 to the Hepato-Metabolic Disease Unit 

of Bambino Gesù Children's Hospital, Rome, Italy. Exclusion 
criteria included: alcohol and drugs (e.g. valproate, amiodarone 
or prednisone) intake, the presence of hepatic viral infections 
(Hepatitis A, B, C, D, E and G, cytomegalovirus and Epstein-
Barr virus) and a history of parenteral nutrition at the time of 
biopsy. Autoimmune liver disease, metabolic liver disease, 
Wilson's disease, and α-1-antitrypsin-associated liver disease 
were ruled out using standard clinical, laboratory and histological 
criteria. The study was approved by the Ethics Committee of the 
‘Bambino Gesù’ Children's Hospital and informed consent was 
obtained from each patient or responsible guardian.

Weight and height were measured using standard proce-
dures. Body mass index (BMI) was calculated and converted 
to standard deviation scores (SDS) using US reference data 
(30). Waist circumference was measured at the highest point 
of the iliac crest.

Alanine (ALT), aspartate (AST), and γ-glutamyl-(GGT) 
aminotransferase, total triglycerides and total cholesterol 
were evaluated using standard laboratory methods. Insulin 
was measured by radioimmunoassay (Myria Technogenetics, 
Milan, Italy). Glucose and insulin were measured at 0, 30, 60, 
90 and 120 min during an oral glucose tolerance test performed 
with 1.75 g glucose/kg of body weight (up to 75 g). The severity 
of insulin resistance and sensitivity were determined, respec-
tively, by the homeostatic model assessment insulin resistance 
(HOMA-IR) using the formula: insulin resistance = (insulin x 
glucose)/22.5 and by the insulin sensitivity index (ISI) derived 
from oral glucose tolerance test (OGGT) using the formula: 
ISI = (10,000/square root of [fasting glucose x fasting insulin] 
x [mean glucose x mean insulin during OGTT]) (31,32).

Liver histopathology. Tissue samples obtained from liver 
biopsy were fixed in buffered formalin embedded in paraffin 
and sliced into 3 µm sections. Standard histological stains 
included haematoxilyn and eosin (H&E), Periodic Schiff 
Acid without and with diastase (PAS/PAS-D) and Van Gieson 
trichrome stain. Steatosis, necro-inflammation, hepatocyte 
ballooning and fibrosis were scored according to the NAFLD 
Clinical Research Network criteria. Features of steatosis (0-3), 
lobular inflammation (0-3) and hepatocyte ballooning (0-2) 
were combined to obtain the NAFLD activity score (NAS) 
(33). In this study we subdivided cases in two subgroups 
according to the severity of liver disease assessed as NAS 
score (NAS ≥5 or <5). Portal chronic inflammation was also 
evaluated (0-1). Fibrosis was scored as 0, none; 1, periportal or 
perisinusoidal fibrosis; 2, perisinusoidal and portal/periportal 
fibrosis; 3, bridging fibrosis; and 4, cirrhosis (33).

Immunohistochemistry. Immunostaining of formalin-fixed 
paraffin-embedded tissue specimens was performed after 
dewaxing and rehydrating 3 µm thick sections. Endogenous 
peroxidase was blocked with 10% hydrogen peroxide followed by 
incubation on avidin/biotin blocking system (Thermo Scientific) 
to inhibit endogenous biotin activity. We used primary mono-
clonal mouse antibodies raised against: CD45 (clone PD7/26 and 
2B11; Dako, Carpinteria, CA), CD3 (clone PS1; Novocastra, New 
Castle, UK) and CD163 (clone 10D6; Novocastra). Heat-induced 
epitope retrieval was performed by boiling the slides with Dako 
Target Retrieval Solution (10X). Staining was performed with 
Dako Envision Plus System (Dako Cytomation).
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The density of cells within the portal tract and liver lobule 
which stained positive to the various monoclonal antibodies 
was determined by counting the number of positive cells in 
ten random portal tracts and in ten areas of lobular region at a 
magnification of x200 under light microscopy (Zeiss Imager A1).

Statistical analysis. Normality distribution was preliminary 
assessed by the Shapiro-Wilk test. Continuous variables are 
given as median, interquartile range (IQR) and minimum and 
maximum values because of skewed distributions. Since data 
were not normally distributed, between-group comparisons of 
continuous variables were performed by the exact Mann-Whitney 
test. Spearman's correlation coefficients were estimated: between 
the number of portal, or lobular CD45+, CD3+ and CD163+ cells 
and portal or lobular inflammation; and between the number of 
portal plus lobular CD45, CD3+ and CD163+ cells and NAFLD 
features, including steatosis, ballooning, fibrosis and NAS.

Statistical significance was set to a P-value <0.05. Statistical 
analyses were performed by SPSS statistical software (SPSS 
Inc., Chicago, IL, USA).

Results

Patient characteristics and histological features. Clinical 
features of the patients included in this study are shown in 
Table I. Out of 34 patients, 23 were males and 11 females 
with a median age of 10.21 years (range 5.83-17.59 years). 
Mild-moderate steatosis was evident in 25 subjects (73.5%) 
while the remaining 9 (26.5%) presented severe steatosis. 
Thirty-two (94.1%) and 16 children (47.1%), respectively 
showed mild-moderate inflammation and ballooning. Mild-
moderate perisinusoidal or periportal fibrosis was observed in 
13 children (38.2%), 5 (14.7%) had perisinusoidal and portal/
periportal fibrosis, and 4 (11.8%) bridging fibrosis.

Differential profile of inflammatory cell infiltration in the 
liver of children with the spectrum of NAFLD. Based on the 
NAS score, patients were divided into two distinct groups 
according to the severity of NAS score (NAS <5 or ≥5). The 

main clinical and laboratory data of patients are described 
in Table II. Children with NAS ≥5 had significantly higher 
waist circumference, ALT and GGT levels compared to those 
without NASH (P<0.05). Furthermore, patients with NAS ≥5 
had significantly higher triglyceride levels and fibrosis scores 
compared to those with NAS <5 (P<0.05). The different groups 
were similar with regards to their BMI, total cholesterol and 
triglycerides, OGTT, HOMA-IR and ISI.

To quantify the inflammatory cell infiltration the number 
of the CD45+, CD3+ and CD163+ cells were counted in all 
available fields, then the mean value was calculated. As shown 
in Table II, we observed a significant increase in the number 
of CD45+ (P<0.0001) and CD163+ (P<0.0001) cells in children 
with NAS ≥5. On the other hand, the number of CD3+ cells 
was significantly lower (P<0.01) in children with NAS ≥5 than 
in children with NAS <5. These results were also strongly 
evident by the qualitative evaluation of the staining with anti-
CD45, CD3 and CD163 antibodies (Fig. 1).

Hepatic CD45, CD3, and CD163 expression correlates with 
disease severity in children with NAFLD. We next tested 

Table I. Liver histopathology of the 34 study children with 
NAFLD.
 
			   Score
	 --------------------------------------------------------------------------------
	 0	 1	 2	 3	 4

Histological features
  Steatosis	 -	 13 (38.2)	 12 (35.3)	   9 (26.5)	 -
  Inflammation	   2 (5.9)	 21 (61.8)	 11 (32.3)	 -	 -
  Ballooning	 18 (52.9)	   9 (26.5)	   7 (20.6)	 -	 -
  Fibrosis	 12 (35.3)	 13 (38.2)	   5 (14.7)	 4 (11.8)	 0
 
Results are presented as the number and percentage (%) of patients.
 

Figure 1. Differential profile of inflammatory cell infiltration in the liver of children with NAFLD. Immunohistochemical evaluation of CD45+, CD3+ and 
CD163+ cells in the liver tissues of children with NAFLD according to NAS <5, and NAS ≥5. Magnification, x200.
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whether the number of CD45+, CD3+ or CD163+ cells was 
associated with the severity of the histopathological features 
in children with NAFLD, including degree of steatosis, inflam-
mation, ballooning and stage of fibrosis. Based on our previous 
study (34), suggesting the relevance of the portal chronic 
inflammation in defining disease severity in Italian children 
with NAFLD, we correlated the CD45+, CD3+ and CD163+ cell 
number in portal and lobular regions with portal and lobular 
inflammation, respectively. As shown in Table III, the number 
of CD45+, CD3+ and C163+ cells, either in portal or in lobular 
spaces, was significantly correlated with both portal and lobular 
inflammation, with CD3 showing a very strong negative corre-
lation with these indices. These results suggest that the number 
of portal and lobular inflammatory cells is associated with 
liver damage in NAFLD and the sum of these two values may 
correlate with other histological aspect of disease. Noteworthy, 
we found a statistically significant association of all markers 
with steatosis, ballooning and fibrosis (P<0.01) (Table IV).

Significant differences in the number of CD45+, CD3+ and 
CD163+ cells between children with NAS <5 and NAS ≥5 were 
observed (Fig. 2). In addition, the composition of the inflamma-
tory infiltrate (higher CD45+ and CD163+ cells, and lower CD3+ 
cells) was also associated with the presence of fibrosis (Table V). 
However, at an exploratory logistic regression analysis, after 
correction for the NAS score, a higher number of intralobular 
CD3+ cells was nominally associated with the presence of liver 
fibrosis (OR, 1.56; 95% CI, 1.02-2.84; P=0.04). Due to the strong 
monotonous association with NAS and the limited number of 
subjects considered, the independent effect of other cellular 
infiltrates on NAS could not be evaluated in this pilot study.

Discussion

A growing number of evidence supports a role for the 
immune system and inflammatory cells as potential players 
in the pathogenesis of fatty liver and its progression to NASH 

Figure 2. Distribution of CD45, CD3 and CD163 intrahepatic positivity with respect to NAS. Significant differences in number of (A) CD45+, (B) CD3+ and 
(C) CD163+ cells in 34 children with NAFLD according to NAS <5, and NAS ≥5. Statistical significance, calculated as Student's t-test, was reported.

Table III. Correlation between the number of CD45+, CD3+ and CD163+ cells in portal or lobular regions, and portal or lobular 
inflammation, respectively.

	 CD45	 CD3	 CD163
	 ---------------------------------------------------------------	 ---------------------------------------------------------------	 --------------------------------------------------------------
	 Correlation coefficient	 P-value	 Correlation coefficient	 P-value	 Correlation coefficient	 P-value

Portal inflammation	 0.336	 0.049	 -0.391	   0.022	 0.472	 0.005
Lobular inflammation	 0.555	 0.001	 -0.618	 <0.001	 0.489	 0.003

Table IV. Correlation between the number of CD45+, CD3+ and CD163+ cells in portal and lobular regions (considered as sum) 
and steatosis, ballooning and fibrosis.

	 CD45	 CD3	 CD163
	 -----------------------------------------------------------------	 -----------------------------------------------------------------	 --------------------------------------------------------------------
	 Correlation coefficient	 P-value	 Correlation coefficient	 P-value	 Correlation coefficient	 P-value

Steatosis	 0.842	 <0.001	 -0.702	 <0.001	 0.755	 <0.001
Ballooning	 0.623	 <0.001	 -0.459	   0.006	 0.496	   0.003
Fibrosis	 0.442	   0.009	 -0.350	   0.043	 0.356	   0.039
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(14,21,35). Increasing levels of both tumor necrosis factor-α and 
interferon-γ, and activation of cells of the innate immune system, 
have been reported in various NAFLD models and patients with 
the disease (36-39). This phenomenon seems to be relevant both 
in the systemic and in the intrahepatic circulation (40).

Resident inflammatory cells exert several functions 
during NAFLD development. In fact, the inflammation 
and the increase of inflammatory cells, such as Kupffer and 
NKT cells, may represent a defensive response to the hepatic 
injury caused by fatty liver but also an early signal for the 
development of fibrosis (41,42). These findings suggest that the 
characterization of the quantity and type of the inflammatory 
infiltrate could be a novel molecular marker to define tissue 
damage in NAFLD as well as to identify potential predictors 
of fibrosis.

In this study we characterized the inflammatory infiltrate 
in liver tissue from children with NAFLD by the analysis of 
cells expressing CD45, CD3 and CD163 markers. We found 
that the number of CD45, CD3 and CD163 liver-resident cells 
was altered in patients with more severe histological activity 
and correlated with the severity of chronic liver damage, 
as indicated by the presence of fibrosis. CD45 is uniformly 
distributed in the plasma membrane of all hematopoietic cells, 
suggesting that its increase may represent the first indicator 
that one or more type of inflammatory cells rise with severity 
of NASH and fibrosis. Therefore, as necroinflammation is 
histologically defined based on the number of inflammatory 
lobular cells (33), an increase in CD45+ cells could be expected. 
Interestingly, we found that the number of liver resident CD163+ 
Kupffer cells increased in children with NASH and correlated 
with severity of disease. These results fit well with previous 
studies suggesting that Kupffer cell activation is a causal factor 
for hepatic damage in NASH (14-16). Furthermore, our recent 
data indicated that the hepatic expression of CD163+ cells is 
increased in a rodent model of diet-induced NAFLD (43).

The increased expression of both CD163 and soluble CD163 
(sCD163) in activated Kupffer cells has been reported in several 
studies regarding human liver diseases (44-46). Nevertheless, in 

a recent article Bauer et al (47) report no differences between 
CD163 or sCD163 in fatty liver when compared to healthy 
controls. This similarity of CD163 levels in steatotic and in 
non-steatotic human liver could be explained by the limited 
number of liver samples (47). Furthermore, it is known that 
CD163 is shed in its soluble form by inflammatory stimuli 
making sCD163 a specific marker of macrophage activation 
(48). In view of literature evidence and of the data here reported, 
it would be interesting to analyze the sCD163 levels in NAFLD 
patients in order to better delineate new possible parameters for 
classifying the severity and progression of liver damage.

Recently, Tajiri et al (40), demonstrated that CD3+/CD56+ 
NKT cells are increased in NAFLD patients as NAS is 
augmented. On the contrary, although an association between 
intrahepatic CD3+ cells and NAS was detected and a pilot 
analysis also showed an independent association between 
intralobular CD3+ cells and fibrosis, we also found a statisti-
cally relevant decrease of CD3+ inflammatory cell number in 
NASH children. These data are in line with experimental data 
indicating that steatosis may be associated with a reduction 
of hepatic NKT cells, determining an alteration in cytokine 
homeostasis with an increased release of pro-inflammatory 
cytokines which render the liver more susceptible to noxious 
insults (21). An inverse correlation was reported between the 
severity of steatosis and NKT cell number in genetic and 
acquired NAFLD animal models (49,50), and peripheral 
NKT cells have been reported to be decreased in humans 
with NAFLD (51). The reduced NKT cell number and altered 
activation status, correlated with an increased hepatic produc-
tion of Th1 cytokines (such as Tumor necrosis factor-α, IL-12 
and interferon-γ) and was involved in the pathogenesis of 
liver damage in NASH, possibly due to decreased secretion 
of the Th2 cytokine IL-4 (52). The mechanisms underpin-
ning the decrease in NKT cells in NAFLD are still unknown. 
Since IL-12 has been shown to increase NKT cell activation-
induced cell death (52), abnormal Kupffer cell activation due 
to increased LPS, with consequent increase in IL-12, has 
been proposed to play a role (25). Additional studies should 
be performed to evaluate whether the reduction in CD3+ cells 
is specific for NKT or more generalized, and whether, on the 
contrary, a selective increase in intralobular CD3+ cells is 
associated with the progression of liver disease.

The current study has some limitations, including a 
relatively small sample size and the lack of a matched control 
group of children without liver disease. Nevertheless, the 
study also has strengths, as it represents the first report on 
the intrahepatic infiltrating immune cells in children with 
NAFLD. We assessed a variety of different markers of innate 
immune cells in a group of children with biopsy-proven 
NAFLD representing the entire spectrum of disease severity, 
in whom extensive characterization of a metabolic phenotype 
was performed. The extension of the study to a larger cohort of 
patients, as well as the evaluation of the possible involvement 
of other and more specific inflammatory cell populations by 
the use of complementary markers, are certainly required. 
A potential candidate might be the invariant NKT that are 
suggested as a relevant CD3+ cell population in an animal model 
of NAFLD and fibrosis (53).

In conclusion, here we demonstrated that CD45, CD3 and 
CD163 intrahepatic expression correlated with the severity of 

Table V. Association between histological parameters of disease 
activity and the presence of fibrosis in 34 children with NAFLD.

	 Fibrosis
	 ----------------------------------------------------
	 Absent	 Present	 P-valueb

	 (n=12)	 (n=22)

Steatosis (1-3)	      1 (1-2)	        2 (2-3)	 0.012
Necroinflammation (0-3)	      1 (1-1)	        1 (1-2)	 0.010
Ballooning (0-2)	      0 (0-1)	        1 (0-2)	 0.096
NAS (1-8)	      3 (2-3)	        4 (3-6)	 0.004
CD45+ cellsa	 65.0 (54-84)	   96.4 (62-126)	 0.035
CD163+ cellsa	 78.8 (62-94)	    106 (80-124)	 0.019
CD3+ cellsa	 24.6 (18-40)	   18.1 (2-23)	 0.047

Median and (interquartile range) values are shown; acounted in ten portal 
tracts and in ten areas of lobular region at a magnification of x200 under 
light microscopy; bP-value of fibrosis for the Wilcoxon test.
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disease in children with NAFLD. These results suggest that 
the assessment of the pattern of liver-resident and infiltration 
inflammatory cells may contribute not only to the diagnosis of 
NASH or to prediction of its potential progression to fibrosis, 
but also to identify novel pathways involved in the progression 
of the disease amenable to therapeutic intervention (54).
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