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Non-alcoholic fatty liver disease (NAFLD) is currently the most prevalent chronic liver disease in Western countries,

affecting approximately 25% of the adult population. This condition encompasses a spectrum of liver diseases

characterized by abnormal accumulation of fat in liver tissue (non-alcoholic fatty liver, NAFL) that can progress to

non-alcoholic steatohepatitis (NASH), characterized by the presence of liver inflammation and damage.

Lymphocytes are certainly the most relevant leukocytes of the adaptive immune system. 

NAFLD  steatosis  inflammation  leukocytes

1. Neutrophils

Neutrophils are the most abundant leukocytes in human blood and the first line of immune defense against

infection or injury, contributing to the acute inflammatory response. This leukocyte subset is continuously released

from the bone marrow, and their release into the peripheral blood is tightly regulated by different molecules,

including granulocyte colony-stimulating factor (G-CSF), and ligands of CXC chemokine receptors (CXCR), such

as CXCR2 and CXCR4 . They are considered the main players in the innate immune response; however, despite

their extensive studied contribution to acute liver injury, little is known about their role in NAFLD .

In this regard, several in vivo experimental studies were carried out. Intraperitoneal administration of a neutrophil-

neutralizing antibody (anti-Ly6G) in a NASH-murine model (10-week HFD-fed C57BL/6 mice) reduced neutrophil

liver infiltration, ameliorated metabolic features (reduction of fasting glycemia, hepatic TG content and

transaminase activity), decreased hepatic inflammation (abrogation of macrophage infiltration and expression of

proinflammatory cytokines such as TNFα, IL-6 and MCP-1) and profibrotic environment (reduction of profibrotic

cytokine hepatic expression, such as TGF-β and α-smooth muscle actin (α-SMA)) . Interestingly, the role of

neutrophils in this context seemed to partially rely on neutrophil elastase, given that its deficiency (using a knockout

murine model) improved the lipid profile and reduced hepatic damage (reduced transaminase activity, steatosis

and NAS) as well as liver inflammation (decreased macrophage infiltration, TNFα and MCP-1 expression) .

Unlike the results found by Ou et al. , interleukin (IL)-6 expression was not significantly affected . These

discrepancies could account for the differential NASH induction or the involvement of other neutrophil-related

mediators beyond elastase, such as myeloperoxidase (MPO). Indeed, both TNFα and IL-6 expression were

downregulated in an MPO-deficient NASH-murine model, and this anti-inflammatory response was accompanied

by a decrease in both neutrophil and lymphocyte hepatic infiltration, as well as by an improvement in NASH-related
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features, such as liver cholesterol content and the degree of fibrosis . Accordingly, both MPO-deficiency and

MPO pharmacological inhibition reduced liver damage, steatosis and fibrosis, as well as plasma levels of ALT, in a

murine model of NASH, which could be explained by the existence of an MPO-dependent pathway for

inflammation and apoptosis in this metabolic disease . Moreover, there is additional evidence of MPO

contribution to fibrosis development. MPO appeared to activate HSCs and to upregulate the profibrotic mediators

TGF-β and α-SMA, crucial events for collagen production (Figure 1) . In humans, plasma levels of MPO were

found to be increased in NASH subjects, compared to healthy volunteers  or to patients with simple steatosis

. Furthermore, MPO mRNA hepatic expression was positively correlated with risk factors for NASH progression,

such as body mass index (BMI) and the percentage of glycated hemoglobin (Table 1) .

Figure 1. Contribution of the main cellular and soluble mediators studied in NAFLD development. α-SMA, α-

smooth muscle actin; CTGF, connective tissue growth factor; FGF, fibroblast growth factor; GROα, growth

regulated protein-α; hs-CRP, high-sensitivity C-reactive protein; HSCs, hepatic stellate cells; IFNγ, interferon-γ; IL,

interleukin; MCP-1, monocyte chemoattractant protein-1; MPO, myeloperoxidase; NAFL, non-alcoholic fatty liver;

NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; NKT, natural killer T; PDGF, platelet-

derived growth factor; SREBP1, sterol regulatory element binding protein-1; TGF-β, transforming growth factor-β;

Th, T helper; TLR9, toll-like receptor 9; TNFα, tumor necrosis factor-α.

Table 1. Correlations between NAFLD features and cellular or soluble markers.
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NAFLD Features Correlation Marker References

  + Intrahepatic T-lymphocyte frequency and aggregates

  + Circulating IL-18 levels

  + Hepatic IL-6 expression

  NR Peripheral percentage of IFNγ-producing T cells

  NR Circulating MCP-1/CCL2 levels

Steatosis + MPV

  + Circulating hs-CRP levels

  + Hepatic IL-17A mRNA expression

  + Hepatic MCP-1/CCL2 mRNA expression

  − Peripheral activated (NKG2D+) NKT cell frequency

  NR Peripheral percentage of IFNγ-producing T cells

  NR Circulating MCP-1/CCL2 levels

Fibrosis + MPV

  + Neutrophil/lymphocyte ratio (NLR)

  + Intrahepatic T-lymphocyte frequency and aggregates

  + Circulating IFNγ levels

  + Circulating MCP-1/CCL2 levels

  + Circulating IL-18 levels

  + Circulating hs-CRP levels

  + Hepatic IL-6 expression

  − Hepatic NK cell frequency

  NR Peripheral T-lymphocyte counts

  NR Peripheral percentage of IFNγ-producing T cells

Liver injury + MPV

  + TLR9 expression on circulating CD4+ or CD8+ cells
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(+) positive correlation; (−) negative correlation; (NR) not related. Abbreviations: hs-CRP, high-sensitivity C-reactive

protein; IFNγ, interferon-γ; MCP-1, monocyte chemoattractant protein-1; MPO, myeloperoxidase; MPV, mean

platelet volume; TLR9, toll-like receptor 9.

On the other hand, neutrophil extracellular traps (NETs), a matrix involved in pathogen capture and destruction,

appear to play a role in the early stages of NAFLD, even before monocyte-derived macrophage infiltration . In

particular, the dissolution of NETs resulted in mice protection from liver inflammation (reduction of TNFα and IL-6

expression and macrophage infiltration) and damage (diminished ALT levels), which ultimately contributed to NAS

reduction .

Regarding some cell adhesion molecules (CAMs) expressed on the neutrophil surface, L-selectin (also known as

CD62L, which is involved in the initial rolling) was found to be overexpressed on neutrophils from NASH patients,

compared to those found in healthy controls or patients with simple steatosis. Despite these findings, no

differences were observed in the neutrophilic expression of CD11b, an integrin involved in leukocyte adhesion and

transmigration through the endothelium .

Furthermore, it is known that metabolic abnormalities lead to immune imbalances in peripheral blood and liver.

They are manifested at the cellular level by an increased ratio of T helper (Th)17 lymphocytes to T regulatory

(Treg) cells (ratio Th17/Treg) and by the dominance of neutrophils over lymphocytes. Therefore, one of the most

studied parameters in liver diseases is the neutrophil/lymphocyte ratio (NLR) . According to most of the current

literature, elevated NLR values have been associated with greater severity of the disease, the evolution of liver

fibrosis and the prediction of mortality in NAFLD . However, Kara et al. found no association between

NLR and the severity of liver inflammation or fibrosis in patients with NAFLD . Nevertheless, NLR values were

found to be higher in NASH patients than in healthy controls, or even in subjects affected by hepatitis B or C .

Additionally, it seems that NLR is a better predictive marker than C-reactive protein (CRP) for active chronic liver

disease, and can be considered as an independent variable for predicting the occurrence of necroinflammation and

fibrosis in NASH .

Along with imbalances in NLR, an altered Th17/Treg ratio also contributes to the upregulation of the above-

mentioned proinflammatory (e.g., IL-6, TNFα) and profibrotic (e.g., TGF-β) cytokines, which in turn leads to a

hyperactivation of the IL-17 axis, implicated in the progression of NAFL to NASH . Indeed, it is known that

hepatic human neutrophils, especially in patients with advanced NAFLD, are a relevant source of IL-17 . IL-17

plays an important role in granulopoiesis and participates in the recruitment and infiltration of neutrophils in the

initial organ injury. IL-17 also induces the production of neutrophilic cytokines and chemokines, amplifying the

neutrophilic response, which aggravates the lesion (Figure 1) . Accordingly, neutrophil depletion reduced liver

inflammation and further complications in the context of NASH in mice ; however, these results could have been

biased, given that these cells constitute the front line of host defense against infections.

NAFLD Features Correlation Marker References

  + Circulating MCP-1/CCL2 levels

  + Circulating IL-18 levels

  NR Peripheral percentage of IFNγ-producing T cells

Body mass index + Hepatic MPO mRNA expression

  + TLR9 expression on circulating CD4+ or CD8+ cells

Dysglycemia + Hepatic MPO mRNA expression

  + Hepatic IL-6 expression

Hypertriglyceridemia + TLR9 expression on circulating CD8+ cells
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Altogether, neutrophils appear to play a relevant role in both NAFL and NASH progression. In these diseases,

neutrophil activation, increased CAMs expression on their surface, and generation and release of neutrophil-

related cytokines, chemokines, enzymes and other intracellular products were detected.

2. Monocytes

Monocytes are highly plastic leukocytes that play a crucial role in host defense and tissue homeostasis, especially

in bacterial and fungal elimination through phagocytic, oxidative and cytokine-producing responses . This

leukocyte subset can be divided into three functionally distinct phenotypes based on the differential expression of

the surface markers CD14, CD16 and CCR2 :

classical monocytes (CD14++CD16−CCR2+, also known as Mon1 subtype monocytes), represent

approximately 85% of monocytes in peripheral blood. They possess a high phagocytic capacity and

proinflammatory properties;

intermediate monocytes (CD14++CD16+CCR2+, also known as Mon2 subtype monocytes), which constitute

around 5% of the total monocytes in peripheral blood;

nonclassical monocytes (CD14+CD16+CCR2−, also known as Mon3 subtype monocytes), represent 10% of the

total monocytes in peripheral blood.

Different studies demonstrated that the total circulating leukocyte counts were elevated in patients with NAFLD, as

compared to control subjects, partly due to an increase in the monocyte fraction . Interestingly, the

percentage of the Mon1 subset was found to be lower in NAFLD patients and, while Zhang et al. described an

increase in the Mon2 fraction, Wang et al. documented a higher Mon3 fraction in patients with NAFLD .

Compiled evidence suggested a link between adiposity, inflammation and intermediate/nonclassical monocytes

(CD16+). However, it remains unclear whether the unbalance in monocyte subtypes is a consequence of—or a

contributor to—this inflammatory response. Nevertheless, monocyte fraction (along with BMI, waist circumference

and plasma levels of TNFα) turned out to be an independent risk factor for NAFLD, and could become a potential

prognostic biomarker in this context .

In agreement with these observations, CCR2 expression in monocytes was significantly lower in NAFLD patients,

compared to control subjects , which was perhaps the consequence of imbalances between Mon1 and Mon3

fractions, as previously described . In this regard, the development of novel drugs has shown promise. For

instance, Cenicriviroc, a dual antagonist of CCR2 and CCR5 receptors, yielded satisfactory results in the first year

of its phase II clinical trial, showing a significant reduction in systemic inflammation and markers of inflammation in

NASH . TLR6 was also found to be overexpressed in the monocytes of patients with NAFLD, compared to

obese subjects with normal liver biopsies . TLR6 is associated with PAMPs recognition, crucial for innate

immunity activation against infectious agents. Along this line, since liver blood flow comes directly from the

intestinal portal circulation, intimately linking the gut and liver, the gut microbiota profile could influence liver
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histology through TLR6 activation. Indeed, TLR6 deregulation found in NAFL and NASH patients seems to

contribute to the worsening of liver inflammation, and has been pointed out as a potential peripheral biomarker of

NASH severity .

Regarding cardiovascular complications, different studies have shown a higher incidence of subclinical

atherosclerosis in patients with NAFL/NASH compared to controls (reviewed in ). Monocytes play a central role

in atherosclerosis  and could play a relevant role in the development of cardiovascular diseases in NAFLD 

. A possible molecular player connecting these pathologies is L-selectin/CD62L, involved in leukocyte-

endothelium interactions. Its expression has been found to be increased in monocytes of patients with

decompensated cirrhosis .

In summary, high monocyte counts due to a greater intermediate/nonclassical monocyte fraction appear to

contribute to the development of NAFLD, its progression toward NASH and/or the development of cardiovascular

complications.

3. Lymphocytes

Lymphocytes are certainly the most relevant leukocytes of the adaptive immune system. According to their activity,

they are classified as T-lymphocytes (CD3+ cells), responsible for the cell-mediated responses, or B-lymphocytes

(CD19+ cells), which participate in humoral/antibody responses. In turn, according to their physiological functions,

T-lymphocytes are divided into different subtypes: cytotoxic T-lymphocytes (Tc or CD8+ cells) and different subsets

of T-helper cells (Th or CD4+ cells), including Th1, Th2, Th17 and T regulatory lymphocytes (Treg), which seem to

be involved in the pathogenesis of NAFLD . T-helper cells are the main regulators of immune processes,

orchestrating the effector functions of B-lymphocytes, cytotoxic T-lymphocytes and phagocytes. In addition, other

different T-lymphocyte subtypes are associated with the innate immune system, including natural killer T-

lymphocytes (NKT cells), γδ T-lymphocytes and mucosal-associated invariant T cells (MAIT cells) .

In recent years, the complex bidirectional interaction between T-lymphocytes and neutrophils has become evident,

with neutrophils playing an important role in the modulation of T-lymphocyte immunological response. Antonucci et

al. observed that neutrophils from NASH patients were able (ex vivo) to suppress the proliferation and activation of

autologous CD4+ and CD8+ T-lymphocytes more than neutrophils from healthy donors or those with NAFL .

Potent suppression of CD4+ and CD8+ T-lymphocyte proliferation and activation could, over time, induce

inadequate immune surveillance of hepatic damage, making patients more susceptible to NAFLD progression.

Positive correlations between lymphocyte aggregates (rich in T-lymphocytes), in number, size, lobular inflammation

score or fibrosis staging, have been described previously (Table 1), suggesting the involvement of lymphocytes in

the progression of NAFL toward NASH . Accordingly, fibrosis staging, measured by fibroscan, and intrahepatic

T-lymphocyte frequency were also found to be positively correlated. In contrast, no correlation was found between

fibrosis and circulating T-lymphocyte counts (Table 1) , likely due to similar peripheral blood lymphocyte fraction

or counts in NAFL and NASH compared to controls . Nevertheless, positive correlations were found
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between toll-like receptor 9 (TLR9) expression in peripheral CD4+ and CD8+ T cells and clinical and pathological

alterations of NAFLD (Table 1) . Interestingly, in the same study, a downregulation of TLR9 was observed in

peripheral T cells (both CD4+ and CD8+ cells) and in intrahepatic CD4+ cells of patients with NAFL, compared to

control subjects. Of note, TLR9 is involved in interferon-γ (IFNγ) production by T-lymphocytes, a contributing

cytokine to liver injury and inflammation. This finding may suggest a protective adaptation to hepatocellular injury in

patients with simple steatosis. On the other hand, a recovery of TLR9 expression was observed in patients with

NASH . Given the complex role of IFNγ, this observation could be the consequence of a failure of this protective

mechanism, contributing to a proinflammatory milieu, or a protective mechanism against liver fibrosis in these

patients (Figure 1).

In addition to TLR9, other TLRs, such as TLR2, TLR4 and TLR5 have proven roles in the pathogenesis of NAFLD

and its progression to NASH (reviewed in ). For example, TLR4, mRNA is overexpressed in the liver of patients

with NASH compared to patients with NAFL , and TLR4 deficiency in ob/ob mice protects the liver from damage

and hepatitis, but not from steatosis . Although TLRs are important IFNγ-regulating factors, the generation and

release of this proinflammatory cytokine is also regulated by other mediators, such as substances secreted by

different enteric bacteria in NAFLD .

Thus, more comprehensive studies should be performed to better understand the role of the different lymphocyte

subpopulations in both NAFL and NASH. The main findings regarding the different lymphocyte subsets in this field

are described below.

3.1. Th1 Cells

Th1 lymphocytes are proinflammatory cells characterized by the production of IFNγ, IL-2 and TNFα. The main

cytokines involved in the differentiation of Th0 (naïve T cell) toward the Th1 phenotype are IL-12 and IFNγ, through

the activation of signal transducers and activators of transcription (STAT) 1 and STAT4. These cells play an

important role in the cellular component of the adaptive immune system (cell-mediated immunity), especially in the

host defense against intracellular pathogens, through macrophage activation .

Regarding Th1 frequency, there is evidence of a greater peripheral percentage of IFNγ-producing CD4+ cells in

NAFL and NASH than in control subjects . Despite these findings, no significant correlations were

detected between the peripheral percentage of IFNγ-producing CD4+ cells and histological features of NASH, such

as steatosis, lobular inflammation, ballooning and fibrosis stage .

Regarding intrahepatic examination, Rau et al. documented higher percentages of IFNγ-producing CD4+ cells in

the liver, compared to circulating values, in both NAFL and NASH . These results could indicate an enhanced

liver infiltration of Th1 cells in these hepatic complications. Nevertheless, determinations in control subjects are

required in order to provide proof. Liver upregulation of genes associated with the promotion of Th1 phenotype was

described in NASH patients compared to those with NAFLD or obese patients .
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Despite the above-mentioned results, human studies regarding Th1 cells in NAFLD remain, to date, insufficient

sources from which to draw accurate conclusions.

3.2. Th2 Cells

Th2 cell differentiation from naïve T cells is mainly driven by IL-2 and IL-4. Functionally, Th2 lymphocytes are

involved in host defenses against parasitic infections and play a prominent role in the pathogenesis of allergic

diseases. These cells produce several cytokines, including IL-4, IL-5, IL-10 and IL-13, most of them relevant to the

orchestration of humoral immunity, through the activation of STAT5 and STAT6 .

Very few human studies have investigated the role of this lymphocyte subtype in both NAFL and NASH, and the

findings of these remain controversial. While some studies did not find differences in the percentage of IL-4-

producing CD4+ cells (considered as Th2 cells) in the peripheral blood of NASH patients compared to control

subjects , other studies found a greater percentage of these circulating cells in both NAFL and NASH patients

compared to healthy volunteers . Although no differences were observed between NAFL and NASH patients,

Rau et al. documented a higher circulating Th2/Treg ratio in patients with NASH compared to those with NAFLD,

which was significantly reduced 1 year after bariatric surgery in these NASH patients .

Regarding the Th2 cell frequency in liver tissue, a greater percentage of IL-4-producing CD4+ cells was described,

compared to circulating values in both NAFL and NASH patients . Although this observation could indicate an

increased liver infiltration of Th2 cells, existing data from control subjects are insufficient to prove it.

Given the increased circulating Th2 cell counts in NAFLD patients documented by some authors, along with the

apparent enhanced Th2 cell liver infiltration, it seems that this T cell subset likely plays a yet unknown role in

NAFLD development and/or progression to NASH.

3.3. Th17 Cells

The differentiation of naïve T cells into Th17 is orchestrated by several cytokines, including TGF-β, IL-1β, IL-6, IL-

21, IL-23 and TNFα, through the activation of STAT3. These proinflammatory cells are relevant in cell-mediated

immunity, especially for the host defense against extracellular pathogens, through the generation and release of

proinflammatory cytokines such as IL-17 (mainly the isoforms IL-17A and IL-17F), IL-22 and IL-23 . These

cytokines are responsible for the synthesis of some neutrophil chemoattractant chemokines, such as

GROα/CXCL1, GROβ/CXCL2 or IL-8/CXCL8 .

In the context of NAFLD, IL-17 seems to be the most relevant Th17-related cytokine. IL-17 exacerbates liver

inflammation by increasing leukocyte infiltration, stimulating the generation of other proinflammatory mediators and

promoting profibrotic effects (reviewed in ). The strong proinflammatory response induced by IL-17 is due to the

ubiquitous expression of its counterreceptor (IL-17r), which is localized on endothelial and epithelial cells, as well

as on monocytes and macrophages .
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Th17 cells have been studied more extensively in these hepatic complications, but again, findings are not exempt

from discrepancies. Whereas Wang et al. described a greater percentage of IL-17-producing CD4+ cells

(considered as Th17 cells) in the peripheral blood of NASH patients compared to NAFL or healthy controls , Rau

et al. did not find any differences . These dissimilarities could have been reliant on the differential diagnostic

approaches employed. NAFL and NASH were diagnosed accurately via liver biopsy and liver functional tests by

Wang et al. , while a noninvasive sonographic NASH score was used by Rau et al. . Nevertheless, the latter

study reported a higher circulating Th17/Treg ratio in NASH patients compared to NAFL or healthy controls, which

was significantly reduced 1 year after bariatric surgery of NASH patients .

Moreover, a greater percentage of hepatic IL-17-producing CD4+ cells was found in both NAFL and NASH patients

compared to circulating values . In agreement with this observation, Tang et al. reported a greater IL-17+ cell

infiltration in liver tissue of NASH patients compared to control subjects, using immunohistochemical analyses, and

also described increased liver mRNA expression of IL-17 and other Th17-related cytokines, such as IL-21 and IL-

23 . Liver biopsies from NASH patients presented a higher percentage of Th17 cells and Th17/Treg ratios than

those from NAFL subjects . Taken together, these results suggested that Th17 cells, through IL-17 signaling,

could be crucial for NAFL progression to NASH.

In addition, circulating levels of IL-17 were found to be increased in NASH patients compared to control subjects.

Interestingly, IL-17 levels were significantly higher in those NASH patients with fibrosis than in non-fibrotic patients

. These results emphasized the potential link between the IL-17 axis and TGF-β signaling in NASH .

Therefore, Th17 cells, through the activation of the IL-17 axis, could play a pivotal role in this liver disorder,

especially in the progression of NAFL to NASH and its further complications.

3.4. Treg Cells

According to their origin, circulating Treg cells can be divided into two main subsets: those matured in the thymus

(tTreg) and those differentiated from naïve T cells, mainly induced by the action of TGF-β (iTreg). Both subsets

exert immunoregulatory roles on Th1 and Th17 responses generating anti-inflammatory effects. Treg cells produce

important cytokines for immunoregulation, including TGF-β, which amplifies the Treg differentiation from naïve T

cells, and the anti-inflammatory IL-10 . However, it is important to highlight that TGF-β, along with IL-6, is also

responsible for Th17 cell differentiation from T naïve cells, and possesses profibrotic properties, reflecting the

complexity of Th17/Treg balance .

Regarding the frequency and role of Treg cells in NAFLD, very few human studies are currently available.

According to the scientific literature, and as mentioned above, unbalances in Th1/Treg, Th2/Treg and Th17/Treg

ratios were observed in these hepatic complications . In particular, at the circulating level, while both Th1/Treg

and Th2/Treg ratios were significantly higher in NAFL or NASH patients than in control subjects, Th17/Treg ratio

was only greater in NASH patients, as compared to both NAFL and control subjects. Within the liver, only the

Th17/Treg ratio was higher in NASH patients, compared to NAFL patients . Of note, the percentage of
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circulating CD25++CD4+ cells (considered by the authors as Treg cells) was significantly higher in NASH patients

1 year after bariatric surgery, which was accompanied by a reduction in both circulating Th2/Treg and Th17/Treg

ratios .

Likewise, a decreased circulating IL-10/IL-17 ratio was detected in NASH patients, compared to non-NASH obese

patients . Overall, these findings suggested a link between NAFL development and its progression to NASH with

an unfavorable Treg cell balance (decreased Treg cell fraction and/or increased Th1/2/17 frequencies).

3.5. CD8+ T Cells

CD8+ T lymphocytes, commonly known as cytotoxic T cells, are formed in the bone marrow and matured in the

thymus. They are pivotal players in the elimination of infected or tumoral cells, through the recognition of antigens

presented by the major histocompatibility complex (MHC) class I. These cytotoxic effects are achieved through the

secretion of cytokines (e.g., IFNγ), cytotoxic agents (e.g., perforin and granzyme) and direct cell-cell contact .

Given their effects against tumoral cells, the role of CD8+ cells in NASH-related liver cancer has been extensively

studied . However, their role in the development of NAFLD and its progression to non-cancerous NASH is

limited. According to the current literature, NASH patients and control individuals present similar circulating CD8+

cell counts . However, a greater percentage of IFNγ-producing CD8+ cells was observed in the peripheral blood

of NASH patients, compared to control subjects .

As previously outlined, positive correlations were found between the expression of TLR9 in circulating CD8+ T cells

and clinical features of NAFLD, such as BMI, TG levels and liver transaminase levels . The observed

downregulation of TLR9 in CD8+ cells of patients with NAFL, compared to control subjects, could imply a protective

response to hepatocellular injury, since TLR9 is involved in IFNγ production by CD8+ cells . However, no

differences were found between NASH patients and control subjects , possibly due to a failure in this protective

mechanism (contributing to a proinflammatory milieu) or to a protective mechanism against liver fibrosis in these

patients. In agreement with these observations, Inzaugarat et al. found no significant correlations between the

increased percentages of IFNγ-producing CD8+ cells and histological features of NASH (Table 1) .

In contrast, the expression of CD69 (a well-known marker of early lymphocyte activation) was found to be

upregulated in peripheral CD8+ cells of patients with NASH, compared to NAFL subjects, suggesting that CD8+

cell activation may be involved in the progression of NAFL to NASH . Despite these findings, little is known

regarding the liver infiltration of CD8+ cells in these metabolic disorders in humans and further studies are

required.

3.6. Natural Killer (NK) and Natural Killer T (NKT) Cells

In addition to T and B cells, there is another group of lymphocytes, the so-called natural killer (NK) cells. Given

their crucial role in the elimination of aberrant cells, they are considered relevant cellular players in the innate

immune system. NK cell-related cytotoxic activity is due to the release of cytotoxic mediators (e.g., granzyme and
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perforin) from their granules, as well as the generation of IFNγ, which enhances both NK and CD8+ cell activities

against tumor cells .

In addition to their role in the immune surveillance of abnormal cells, the role of these cells on NAFL or NASH

pathogenesis has been addressed in humans . Nevertheless, inconsistent results were obtained, likely

due to the complexity of liver disease and heterogeneity among NK cells. While some studies described a reduced

circulating NK cell (both CD56  and CD56  subsets) frequency in NAFLD patients, compared to control

subjects , Stiglund et al. did not find any significant differences . Additionally, the augmented frequency of

highly dysfunctional Siglec7 CD57 PD-1 CD56  NK cell subsets in NAFLD patient bloodstreams demonstrated a

functional impairment of NK cells in this context . These studies analyzed liver biopsies for NAFLD diagnosis.

However, the observed discrepancies were likely derived from differences in NAFLD patients’ stratification. While

Diedrich et al. only compared NAFLD patients with control subjects , Sakamoto et al. analyzed results between

patients with no or mild fibrosis vs. patients with advanced fibrosis , and Stiglund et al. analyzed 3 groups:

NASH patients vs. NAFL patients vs. control subjects .

In the analysis of liver biopsies, a greater percentage of CD56  NK cells was observed in NAFLD patients, which

could account for their decreased percentage in circulation . Nonetheless, the same study revealed a negative

correlation between total NK cell frequency in the liver and the fibrosis stage measured by fibroscan elastography

(Table 1) .

NKG2D and CD69 are markers of NK cell activation. In this context, while some studies documented higher

peripheral and liver NK cell activation in NAFL/NASH patients , Diedrich et al. described the opposite in

circulation .

On the other hand, there is a CD3+ T-lymphocyte subset (CD3 is not expressed by NK cells) that expresses some

NK cell markers (CD56 or CD161), the so-called NKT cells. In NAFLD, a greater proportion of NKT cells in both

blood and liver was detected, which seemed to be associated with the severity of the disease . Again, there

have been few (and contradictory) results regarding NKT cell activation. Indeed, both greater and reduced

circulating NKT cell activation have been associated with this complex disease . The frequency of circulating

NKG2D+ NKT cells was negatively correlated with the grade of steatosis (Table 1) .

Similarly, although several attempts to investigate the role of NK/NKT cells in NAFLD have been carried out, their

role in this disease has remained elusive.
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