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Aim: To evaluate the distribution of natural killer (NK) 
cells in portal and parenchymal regions of liver biopsies 
in patients with chronic hepatitis B (HBV) and hepatitis C 
(HCV), and to investigate their relationship with fibrosis.

Material and Method: Liver biopsies from 20 chronic HCV 
patients, 19 chronic HBV patients, and 19 control subjects 
were retrospectively analyzed. All patients were treatment-
naïve at the time of biopsy. Immunohistochemical staining 
was performed using CD16, CD56, CD57, and IgG markers. 
NK cell counts were evaluated in portal and parenchymal 
areas. Fibrosis was assessed using the Ishak scoring 
system. Statistical analyses included one-way ANOVA and 
Spearman correlation tests.

Results: NK cell counts (CD16, CD56, IgG) were significantly 
higher in both portal and parenchymal regions in HBV 
and HCV patients compared to controls (p<0.05). CD57-
positive cell counts differed among the study groups 
in both portal and parenchymal regions, with a more 
pronounced increase in the portal compartment. A 
negative correlation was observed between CD57-positive 
NK cell distribution and fibrosis, which was statistically 
significant in HBV patients (rs: -0.589, p=0.01).

Conclusion: NK cell accumulation is increased in chronic 
viral hepatitis, particularly in portal and parenchymal 
compartments. The inverse relationship between 
CD57-positive NK cells and fibrosis suggests a potential 
regulatory role in disease progression.
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Amaç: Kronik hepatit B (HBV) ve hepatit C (HCV) 

hastalarında karaciğer biyopsilerinde doğal öldürücü (NK) 

hücrelerin portal ve parankimal dağılımını ve fibrozis ile 

ilişkisini değerlendirmek.

Gereç ve Yöntem: 20 HCV, 19 HBV hastası ve 19 

kontrol grubuna ait karaciğer biyopsileri retrospektif 

olarak incelendi. CD16, CD56, CD57 ve IgG ile 

immünohistokimyasal boyama yapıldı. NK hücreleri 

portal ve parankimal alanlarda sayıldı. Fibrozis Ishak skoru 

ile değerlendirildi. İstatistiksel analizlerde ANOVA ve 

Spearman korelasyon testleri kullanıldı.

Bulgular: HBV ve HCV hastalarında CD16, CD56 ve IgG 

pozitif NK hücre sayıları kontrol grubuna göre anlamlı 

derecede yüksekti (p<0.05). CD57 yalnızca parankimal 

alanda artış gösterdi. CD57 ile fibrozis arasında negatif 

korelasyon saptandı ve HBV grubunda anlamlıydı (rs: -0.589, 

p=0.01).

Sonuç: Kronik viral hepatitte NK hücre birikimi artmıştır. 

CD57 pozitif hücreler ile fibrozis arasındaki ters ilişki hastalık 

progresyonunda düzenleyici rolü düşündürmektedir.

Anahtar Kelimeler: Doğal öldürücü hücreler, hepatit B, 

hepatit C, karaciğer biyopsisi, fibrozis
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INTRODUCTION
Chronic hepatitis B (HBV) and hepatitis C (HCV) 
infections remain major global health problems, 
affecting more than 500 million individuals worldwide 
and representing leading causes of chronic liver 
disease, cirrhosis, and hepatocellular carcinoma 
(1,2). The progression of chronic viral hepatitis is 
determined not only by viral replication but also by 
host immune responses, particularly components of 
the innate immune system (3).

In the healthy adult liver, lymphocytes are relatively 
scarce; therefore, the presence of intrahepatic 
lymphocytes is considered a hallmark of pathological 
processes. In chronic hepatitis, these infiltrating cells 
are predominantly activated and proinflammatory, 
with enrichment of innate immune effectors such as 
NK cells (4,5). 

NK cells play a central role in antiviral defense 
through cytotoxicity and cytokine secretion, while 
also contributing to immune-mediated tissue injury 
(6). Their activity is tightly regulated by a balance 
between activating and inhibitory receptors (7).

Chronic HBV and HCV infections are associated 
with functional alterations in NK cells, including 
impaired cytotoxicity and immune exhaustion 
(8,9). Beyond antiviral immunity, NK cells also 
regulate liver fibrogenesis by inducing apoptosis of 
activated hepatic stellate cells via TRAIL- and NKG2D-
dependent mechanisms (10,11).

However, this antifibrotic function may be impaired 
in advanced disease due to immunosuppressive 
cytokines such as TGF-β, contributing to 
fibrosis progression (12). Despite these insights, 
compartment-specific NK cell distribution and subset-
specific roles remain incompletely understood. 
Recent evidence further suggests that intrahepatic 
immune cell composition is a critical determinant 
of disease progression and therapeutic response in 
chronic viral hepatitis (13).

MATERIAL AND METHOD 
Patients
The pathology database of Marmara University 
Faculty of Medicine, Department of Pathology, was 
retrospectively reviewed to identify patients older than 
18 years with histologically confirmed diagnoses of 
chronic hepatitis B, chronic hepatitis C, or normal liver 
tissue. This study was conducted in accordance with 
the ethical principles of the Declaration of Helsinki. 
As a retrospective study using archived pathology 
specimens, formal ethics committee approval was not 
required. Patient confidentiality and data privacy were 

strictly maintained throughout the study. Patients with 
clinical or histopathological evidence of autoimmune 
hepatitis, toxic hepatitis, or steatohepatitis were 
excluded.

Eligible cases were selected based on the availability of 
adequate liver core biopsy specimens for histological 
and immunohistochemical evaluation. Normal liver 
tissue obtained from hepatic resections performed for 
colorectal metastasectomy in 19 patients served as the 
control group. No formal sample size calculation was 
performed due to the retrospective nature of the study.

Histological Evaluation
Liver biopsy specimens were fixed in 10% buffered 
formalin and embedded in paraffin. Hematoxylin and 
eosin (H&E)-stained sections were independently 
evaluated under light microscopy by two experienced 
pathologists who were blinded to the clinical data. 
Trichrome-stained sections were additionally assessed 
for collagen deposition and fibrosis.

Necroinflammatory activity and fibrosis were 
evaluated semi-quantitatively using the modified Ishak 
histological activity index. Necroinflammatory activity 
was graded on a scale of 0–18, and fibrosis was staged 
on a scale of 0–6. Scores were recorded separately for 
each case. 

Immunohistochemistry
Immunohistochemical (IHC) staining was performed 
on formalin-fixed, paraffin-embedded liver tissue 
sections using antibodies against CD16 (Leica/
Novocastra, clone 2H7, dilution 1:40), CD56 (Leica/
Novocastra, clone 1B6, dilution 1:100), CD57 (Leica/
Novocastra, clone NK-1, dilution 1:50), IgG (Leica/
Novocastra, dilution 1:200). 

Positively stained lymphoid cells were quantified in 
three portal tracts and three lobular parenchymal areas 
under high-power fields (HPF). Periportal (interface) 
regions were specifically evaluated for the presence 
of positively stained non-Kupffer lymphoid cells. Non-
specific staining in Kupffer cells was excluded from 
analysis.

CD16 (FcγRIII) is a low-affinity Fc receptor expressed on 
NK cells and plays a key role in antibody-dependent 
cellular cytotoxicity (ADCC) (12). CD56 (neural cell 
adhesion molecule, NCAM) is a well-established 
marker of NK cells and is associated with cytotoxic 
function and immune regulation (13). CD57 (HNK-
1) identifies a subset of terminally differentiated NK
cells with enhanced cytotoxic capacity and distinct 
functional properties (14).

IgG immunostaining was used to identify 
immunoglobulin-containing lymphoid cells and to 
assess humoral immune components within the hepatic 
microenvironment (15). 
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Statistical Analysis
All statistical analyses were conducted using 
SPSS software (version 17.0; IBM Corp., Armonk, 
NY, USA). Continuous variables were assessed for 
normality using appropriate distribution tests. 
Demographic and histopathological variables are 
presented as mean (range) in Table 1, whereas 
immunohistochemical cell counts are presented 
as mean±standard deviation (SD) in Table 2. 
Comparisons among groups were performed using 
one-way analysis of variance (ANOVA), followed 
by Bonferroni-adjusted post hoc tests for multiple 
pairwise comparisons.

Categorical variables were expressed as frequencies 
and percentages and analyzed using the chi-square 
test. The relationship between intrahepatic NK cell 
distribution and fibrosis stage was evaluated using 
Spearman’s rank correlation coefficient.

All statistical tests were two-tailed, and a p-value of 
less than 0.05 was considered indicative of statistical 
significance.

RESULTS
A total of 59 patients were included in the analysis, with 
a mean age of 47.3 years. The baseline demographic 
and histopathological characteristics are presented in 
Table 1.

Table 1. Clinical and histopathological characteristics of the 
study population.

Characteristics Normal 
(n=19)

Hepatitis B 
(n=19)

Hepatitis C 
(n=20)

Age, years (mean [range]) 47 (23-72) 42.11 (23-56) 52.55 (24-67)
Male, n (%) 11 (55%) 10 (52.6%) 8 (40%)
Ishak – Necroinflammatory 
score, (mean) - 8.74 6.7

Ishak – Fibrosis stage, (mean) - 2.68 1.65
Note: Data are presented as mean (range) for continuous variables and n (%) for categorical 
variables. Necroinflammatory activity and fibrosis were assessed using the modified Ishak 
scoring system. Percentages were calculated within each study group. HBV, hepatitis B virus; 
HCV, hepatitis C virus; —, not applicable.

Quantitative immunohistochemical analysis 
demonstrated significant differences in NK cell marker 
counts among the control, chronic HBV, and chronic 
HCV groups (Table 2). Bonferroni-adjusted post hoc 
comparisons showed that parenchymal CD16-positive 
cell counts were significantly higher in the chronic HBV 
group than in the chronic HCV group (adjusted p=0.016), 
whereas parenchymal CD56-positive cell counts were 
significantly higher in the chronic HCV group than in the 
chronic HBV group (adjusted p=0.027). No significant 
differences were observed between the HBV and HCV 
groups for the remaining parenchymal or portal markers 
(all adjusted p>0.05). (Table 2).

Table 2. Distribution of immunohistochemically positive cells in 
the parenchymal and portal compartments of liver biopsies

Control 
(n=19)

Chronic HCV  
(n=20)

Chronic HBV 
(n=19)

Overall 
p-value

Parenchymal Areas
CD16 4.0±1.78 7.4±3.1 10.3±4.08 <0.001
CD57 6.65±3.01 9.05±2.89 8.05±3.20 0.05
CD56 0.15±0.37 0.75±0.91 0.21±0.42 0.006
IgG 1.30±1.45 6.4±4.3 5.50±3.74 <0.001

Portal
CD16 2.45±1.67 7.4±3.4 7.68±5.11 <0.001
CD57 4.8±3.17 11.4±6.14 11±5.5 <0.001
CD56 0.05±0.22 0.40±0.59 0.05±0.23 0.009
IgG 4.35±4.01 29.55±18.84 32.21±17.03 <0.001

Note: Data are presented as mean±standard deviation. Overall comparisons among the 
three groups were performed using one-way analysis of variance (ANOVA), followed by 
Bonferroni-adjusted post hoc pairwise comparisons. Parenchymal CD16-positive cell counts 
were significantly higher in the chronic HBV group than in the chronic HCV group (adjusted 
p=0.016), whereas parenchymal CD56-positive cell counts were significantly higher in 
the chronic HCV group than in the chronic HBV group (adjusted p=0.027). No significant 
differences were observed between the HBV and HCV groups for the remaining markers 
(all adjusted p>0.05). CD, cluster of differentiation; IgG, immunoglobulin G; HBV, hepatitis 
B virus; HCV, hepatitis C virus.

Representative immunohistochemical staining 
demonstrated increased CD16-positive NK cell infiltration 
in both parenchymal and portal compartments in chronic 
hepatitis compared to controls (Figure 1).

Figure 1. Immunohistochemical expression of CD16 in liver tissue. 
Representative images show CD16-positive cells in parenchymal regions 
(a–c) and portal regions (d–f). Control subjects are shown in panels (a, 
d), patients with chronic hepatitis B in panels (b, e), and patients with 
chronic hepatitis C in panels (c, f ). Original magnification ×40.

In contrast, CD57-positive NK cells showed a significant 
increase only in parenchymal areas, with no statistically 
significant difference observed in portal regions (Figure 2).

Figure 2. Immunohistochemical expression of CD57 in liver tissue.  
Representative images show CD57-positive cells in parenchymal regions 
(a–c) and portal regions (d–f). Control subjects are shown in panels (a, 
d), patients with chronic hepatitis B in panels (b, e), and patients with 
chronic hepatitis C in panels (c, f ). Original magnification ×40..
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Correlation analysis revealed an inverse relationship 
between CD57-positive NK cell counts and fibrosis stage 
in both HBV and HCV groups (Spearman’s rs = -0.589 and 
-0.404, respectively). However, this association reached 
statistical significance only in patients with chronic HBV 
infection (p=0.01).

CD56-positive NK cells also demonstrated increased 
infiltration in both portal and parenchymal 
compartments in chronic viral hepatitis compared to 
controls (Figure 3).

Figure 3. Immunohistochemical expression of CD56 in liver tissue. 
Representative images showing CD56-positive cells in parenchymal 
regions (a–c) and portal areas (d–f ). Control subjects are shown in 
panels (a, d), patients with chronic hepatitis B in panels (b, e), and 
patients with chronic hepatitis C in panels (c, f ). CD56-positive NK cells 
demonstrate increased infiltration in both portal and parenchymal 
compartments in chronic viral hepatitis compared to controls. Original 
magnification ×40.

IgG-positive cells were markedly increased in both portal 
and parenchymal regions in chronic viral hepatitis, 
reflecting enhanced humoral immune activity. 

In line with these quantitative findings, 
immunohistochemical analysis demonstrated a 
marked increase in IgG-positive cells in both portal 
and parenchymal regions in patients with chronic HBV 
and HCV compared to controls (Figure 4)

Figure 4. Immunohistochemical expression of IgG in liver tissue. 
Representative images showing IgG-positive cells in parenchymal 
regions (a–c) and portal areas (d–f ). Control subjects are shown in 
panels (a, d), patients with chronic hepatitis B in panels (b, e), and 
patients with chronic hepatitis C in panels (c, f ). IgG-positive cells are 
markedly increased in both portal and parenchymal regions in chronic 
viral hepatitis, reflecting enhanced humoral immune activity. Original 
magnification ×40.

Statistically significant differences were observed across 
all groups, indicating robust alterations in intrahepatic 
NK cell distribution in chronic viral hepatitis.

DISCUSSION
This study demonstrates a significant increase in NK 
cell infiltration across both portal and parenchymal 
compartments in patients with chronic HBV and HCV 
infections, supporting the central role of innate immune 
activation in chronic viral hepatitis.

The observed increase in CD16- and CD56-positive NK 
cells reflects the expansion of cytotoxic and activated 
NK cell subsets within the hepatic microenvironment. 
NK cells exert antiviral effects through direct cytotoxicity 
against infected hepatocytes and the secretion of 
proinflammatory cytokines. This is consistent with 
current evidence indicating that intrahepatic NK cells 
are key regulators of antiviral immunity and immune-
mediated liver injury in chronic viral hepatitis (6,7).

CD57-positive cell counts were increased in both 
portal and parenchymal compartments, with a more 
pronounced difference in portal regions. This portal 
enrichment may reflect the recruitment or retention 
of differentiated cytotoxic lymphocytes within portal 
inflammatory infiltrates, which represent major sites of 
immune activity in chronic viral hepatitis. In contrast, 
parenchymal CD57-positive cells may participate in 
lobular immune surveillance and interactions with 
infected or injured hepatocytes. However, because 
CD57 is not exclusively expressed by NK cells and 
double immunostaining or functional analyses were 
not performed, the cellular identity and mechanistic 
significance of this compartmental distribution cannot 
be determined conclusively.

The inverse correlation between CD57-positive 
cell counts and fibrosis, which reached statistical 
significance only in the chronic HBV group, may suggest 
a potential association with antifibrotic immune 
activity. Experimental studies have demonstrated that 
NK cells can selectively induce apoptosis of activated 
hepatic stellate cells via TRAIL- and NKG2D-dependent 
pathways, thereby limiting fibrogenesis (9,10). However, 
the present immunohistochemical findings do not 
establish that CD57-positive cells directly mediate this 
antifibrotic effect. Further phenotypic and functional 
studies are required to clarify this relationship.

IgG-positive cells were also increased, reflecting enhanced 
humoral immune activation and B cell–mediated 
responses within the hepatic microenvironment. Clinical 
data further suggest that specific NK cell subsets are 
associated with reduced fibrosis severity, particularly in 
chronic HBV infection, supporting a protective role of NK 
cells in disease progression (11).

However, this protective effect appears to be context-
dependent. In advanced stages of chronic liver 
disease, NK cell function may become impaired due to 
immunosuppressive cytokines such as transforming 
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growth factor-β (TGF-β), leading to functional exhaustion 
and diminished antifibrotic activity (15). Recent studies 
have further demonstrated that chronic exposure to 
inflammatory and immunosuppressive signals reshapes 
NK cell phenotype and function, contributing to 
persistent inflammation and fibrogenesis (16).

These findings highlight the dual role of NK cells as 
both antiviral effectors and regulators of fibrogenesis. 
The dynamic balance between NK cell activation and 
functional impairment may represent a key determinant 
of disease progression in chronic viral hepatitis.

The present study has several limitations. Its 
retrospective design and relatively small sample size 
may limit the generalizability of the findings. In addition, 
functional assays of NK cell activity were not performed, 
which could have provided further mechanistic insights.

Collectively, these data position NK cells at the 
intersection of antiviral immunity and fibrogenesis, 
highlighting their potential as both biomarkers and 
therapeutic targets in chronic liver disease.

CONCLUSION
This study demonstrates that NK cell infiltration is 
significantly increased in both portal and parenchymal 
compartments in chronic HBV and HCV infections, 
underscoring the central role of innate immune 
activation in chronic liver disease. The selective 
expansion of CD16- and CD56-positive NK cell subsets 
reflects an enhanced cytotoxic immune response, 
whereas the inverse association between CD57-positive 
NK cells and fibrosis highlights a potential antifibrotic 
function.

These findings support a model in which intrahepatic 
NK cells exert a dual and context-dependent role, acting 
as antiviral effectors while simultaneously modulating 
fibrogenesis. The balance between NK cell activation 
and functional impairment may represent a critical 
determinant of disease progression.

From a translational perspective, NK cell subsets 
may serve not only as biomarkers of disease 
activity and fibrosis but also as potential targets 
for immunomodulatory therapies in chronic viral 
hepatitis. Future prospective and mechanistic studies 
are essential to validate these findings and to explore 
NK cell–targeted therapeutic strategies in chronic viral 
hepatitis.
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