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Abstract

AIM: To determine if natural killer T cell (NKT) popu-
lations are affected in nonalcoholic fatty liver disease
(NAFLD).

METHODS: Patients undergoing bariatric surgery un-
derwent liver biopsy and blood sampling during sur-
gery. The biopsy was assessed for steatosis and im-
munocyte infiltration. Intrahepatic lymphocytes (IHLs)
were isolated from the remainder of the liver biopsy,
and peripheral blood mononuclear cells (PBMCs) were
isolated from the blood. Expression of surface proteins
on both IHLs and PBMCs were quantified using flow
cytometry.

RESULTS: Twenty-seven subjects participated in this
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study. Subjects with moderate or severe steatosis had
a higher percentage of intrahepatic CD3+/CD56+ NKT
cells (38.6%) than did patients with mild steatosis
(24.1%, P = 0.05) or those without steatosis (21.5%, P
= 0.03). Patients with moderate to severe steatosis also
had a higher percentage of NKT cells in the blood (12.3%)
as compared to patients with mild steatosis (2.5% P =
0.02) and those without steatosis (5.1%, P = 0.05).

CONCLUSION: NKT cells are significantly increased in
the liver and blood of patients with moderate to severe
steatosis and support the role of NKT cells in NAFLD.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

With the epidemic of obesity butgeoning across much of
the world, nonalcoholic fatty liver disease (NAFLD) has
become an increasingly pressing problem. The prevalence
of NAFLD in western countries is as high as 17%-33%!",
and the more severe form of NAFLD, non-alcoholic ste-
atohepatitis (NASH), will progress to cirthosis in 20% of
patients'). Due to its increasing prevalence, NAFLD has be-

come the third leading indication for liver transplantation”.,
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The etiopathogenesis of NAFLD/NASH involves a
number of environmental, genetic, and inflammatory
influences. However, many of the factors that play a role
in the development of NAFLD and NASH remain un-
known. What is clear is that NASH is associated with he-
patic infiltration of inflammatory cells, resulting in hepa-
tocyte injury and hepatocyte death. The prevailing two-
hit theory, posited by Day ez al, proposes an initial hit
whereby obesity is associated with hepatic accumulation
of free fatty acids and triglycerides, followed by a second
hit, whereby oxidative stress, mitochondrial dysfunction,
claboration of pro-inflammatory cytokines and inflam-
matory cell infiltration leads to development of NASH.

Natural killer T (NKT) cells are a highly conserved
subset of lymphocy tes with properties of both T cells
(CD3+ expression) and NK cells (CD56+ and CD161+
expression)'’ and have been implicated in NAFLD. NKT
cells are concentrated in the liver where they serve an im-
portant role in innate immunity. In the murine liver, NKT
cells comprise 30%-50% of all hepatic lymphocytesm.
These cells can be directly cytotoxic viz FasL-dependent
and perforin-mediated mechanisms, but also produce an
array of cytokines that direct cytokine secretion by other
cells within their microenvironment”. These functions
may be responsible for cell death seen in NAFLD. NKT
cells are believed to be primarily stimulated by various gly-
colipids, which are presented by CD1d, an MHC-like mol-
ecule on antigen presenting cells, such as Kupffer cells,
to the NKT cells’ invariant T cell receptorm. The role of
NKT cells in immunity has yet to be fully elucidated and
there have been many proposed functions for this unique
cell, ranging from antitumor activity to autoimmune dis-
eases”. In addition, murine models of obesity and fatty
liver disease, using leptin-deficient, 0b/0b mice, have sug-
gested that NAFLD is associated with depletion of NKT
cells®. The loss of CD4-expressing NKT cells is particu-
latly intriguing as this cell subset is believed to primarily
secrete Th2-type cytokines, including IL.-4 and 1.-13"
This loss of Th2 cytokines might tip the inflammatory
milieu of the liver into a pro-inflammatory Th1 state, lead-
ing to excessive production of TNF-q and IFN-y. The
increase in pro-inflammatory cytokines likely plays a role
in hepatic oxidative stress and recruitment of additional
inflammatory cells into the liver, resulting in NASH"",
The transfer of NKT lymphocytes back into leptin de-
ficient mice has been shown to reduce hepatic steatosis
and improves glucose intolerance!". In addition, inducing
expansion of the NKT cell population, by norepinephrine
injection or by stimulation with glucocerebroside, has also
been shown to reduce hepatotoxicity and improve hepatic
fat content in murine models'*'?,

While murine models of NAFLD cleatly support a piv-
otal role of NKT cells in pathogenesis, data on the role of
NKT cells in human NAFLD is limited. Xu and colleagues
found that peripheral blood NKT cells are depleted in
patients with clinically diagnosed NALFD", Three other
studies evaluated intrahepatic NKT cells and had differing
results. The study by Kremer ¢ a/'” found that NKT cells
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are depleted with increased steatosis, whereas the one by
Tajiri and colleagues found an increase in NKT cells with
steatosis’. Finally a study by Syn e# al" also found an in-
crease in NKT cells with steatosis. In this study, we sought
to further investigate the changes in lymphocyte popula-
tions that occur in NAFLD.

MATERIALS AND METHODS

Patients and lymphocyte isolation

From January to November 2007, peripheral blood and
hepatic tissue were collected from obese subjects under-
going laparoscopic gastric banding surgery. Patients were
excluded if they were under the age of 18, infected with
hepatitis B virus, hepatitis C virus, HIV, were known to
have pre-existing hepatic disease, or found to have any
non-NAFLD pathological processes found on histologi-
cal examination of the liver biopsy material. Patients
were also excluded if they had a known history of ex-
cessive alcohol ingestion. All enrolled subjects signed an
informed consent form that was approved by the institu-
tional review board of NYU Langone Medical Center.

Immediately prior to surgery, 10 mL of blood was
obtained from each subject by venipuncture. During the
surgery a 2 cm’ liver scissor biopsy was obtained. The liver
biopsy sample was placed in 15cc of sterile RPMI 1640
(Mediatech Inc, Herndon, VA) and was transported to the
laboratory with the blood sample for lymphocyte isola-
tion. An additional portion of the biopsy was evaluated
by a single hepatopathologist who made the diagnosis of
NAFLD and NASH using the staging system proposed
by Brunt ¢ a/'”. Mild steatosis was defined as steatosis
involving up to 33% of hepatocytes, moderate steatosis
involved 33%-66% of hepatocytes, and severe steatosis
involved greater than 66% of hepatocytes. Steatohepatitis
was defined by a number of features including steatosis,
ballooning, and acinar and portal inflammation.

Once transported to the laboratory, the liver biopsy
sample was washed in sterile phosphate-buffered saline
(PBS) and was minced to 1 mm?’ pieces in a petri dish with
30 mL of RPMI 1640 containing 0.5 mg/ml collagenase
type II (Clostridiopeptidase A), 0.02 mg/mIL DNase 1,
100 U/mL penicillin, 100 mg/mL streptomycin and
2 mmol/] L~ glutamine (all from Sigma-Aldrich, St. Louis,
MO) and 10% fetal calf serum (FCS) (Invitrogen, Carls-
bad CA). The minced liver was incubated in this digestion
solution at 37°C for 30 min after which it was strained
through a 70 mm disposable plastic strainer. Immediately
after isolation, cells were washed and re-suspended in
PBS. The cell solution was then pipetted onto a 30%-70%
percoll (Sigma-Aldrich, St. Louis MO) gradient and was
centrifuged at 2000 t/min for 30 min. The isolated lym-
phocytes were removed from the gradient, washed with
PBS, resuspended in 1 mL PBS/10% FCS containing 2%
formaldehyde (Sigma-Aldrich, St. Louis MO) and placed
at 4°C. Peripheral blood mononuclear cells (PBMCs) were
prepared by centrifugation on a Ficoll-Hypaque density
gradient (Mediatech, Herndon, VA).
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No. Mild Moderate- Reference
steatosis steatosis severe values
n=10) @ =11) steatosis
(n = 6)
Age 363+131 445+144 483+113 N/A
Gender (% female) 90% 73% 66% N/A
Body mass index 424+32  442+62 419+43 185249
(kg/m?)
Aspartate 28.8+132 428342 47.0%269 0-40
transaminase (U/L)
Alanine 36.1+18.7 50.1+482 75.8+40.1 0-45
transaminase (U/L)
Alkaline 792+18.0 895x16.6 825+127  20-140
phosphatase (IU/L)

All results except gender presented as mean * standard deviation.

Flow cytometric analysis of lymphocyte populations
Cell surface expression of lymphocyte antigens was iden-
tified by monoclonal antibody staining of freshly isolated
IHLs and PBMCs, followed by flow cytometry using a BD
LSR IT (Becton Dickinson Immunocytometry Systems
(BDIS), Mountain View CA) flow cytometer with analysis
using CellQuest” software (BDIS, Mountain View CA).
Monoclonal antibodies used in this study included anti-
human CD3 (clone UCHT1) (BDIS, Mountain View, CA),
anti-human CD4 (clone RPA T4) (Pharmingen, San Di-
ego, CA), anti-human CD8 (clone RPA T8) (Pharmingen,
San Diego, CA), anti-human CD56 (clone NCAM16.2)
(Pharmingen, San Diego, CA), anti-human CD161 (clone
DX12) (Pharmingen, San Diego, CA), anti-human vo24
(clone C15) (Immunotech, Fullerton, CA), and the appro-
priate isotype controls. During flow cytometry, lympho-
cytes, initially identified by their forward and side scatter
characteristics, were subject to phenotypic analysis. Dead
cells were excluded from analysis using 7-aminoactinomy-
cin D (Calbiochem, La Jolla, CA).

ELISA for quantification of IFN-y and IL-4 secretion
IFN-y and IL.-4 secretion by intrahepatic and periph-
eral blood lymphocytes was determined by ELISA (BD
Pharmingen) after culture for 12 h. For these assays, 1
X 10° lymphocytes derived from the liver or blood were
co-cultured with monocyte-derived macrophages in the
presence of alpha-galactosyl ceramide at 10 pg/mL in a
96-well flat-bottom plate.

Statistical analysis

Values ate expressed as mean + SD. Statistical compari-
sons were made between PBMCs and IHLs from indi-
viduals using a paired £test. Statistical comparisons were
made between subjects without hepatic steatosis, those
with mild steatosis and those with moderate-to-severe
steatosis using a two-sample, unequal variance ~test. All
reported P values were two-sided at the 0.05 significance
level using SPSS™ 11.0 for Windows software (SPSS,
Chicago, IL).
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RESULTS

Subject cohort characteristics

Table 1 describes the clinical characteristics of the 27
patients enrolled in this study. Ten of the twenty-seven
subjects (37%) had normal liver biopsies, without steato-
sis, while 11 of 27 (41%) had mild hepatic steatosis and
6 of 27 (22%) had moderate-severe hepatic steatosis. Of
the patients with mild steatosis, 10 had increased hepatic
lymphocyte infiltration, but were not felt to be severe
enough to merit a diagnosis of NASH. One of the six
subjects with moderate-severe steatosis had grade 3 ste-
atohepatitis with grade 1 fibrosis. Seventy-eight percent
of the subjects were female, their mean age was 42 years,
and their mean body mass index (BMI) was 42.9. There
were no significant differences between patient cohorts
with regard to age, gender, BMI, or serum levels of liver-
associated enzymes.

Moderate-to-severe hepatic steatosis is associated with
increased percentages of intrahepatic and blood NKT
cells

Using the most common phenotypic definition of NKT
cells, we sought to compare the percentage of CD3+/
CD56+ in the liver and the periphery of subjects with-
out hepatic steatosis with those with moderate-to-severe
steatosis. As shown in Table 2, the liver and blood of sub-
jects with steatosis had significant increases in the percent-
age of NKT cells. CD3+/CD56+ NKT cells comprised
38.6% £ 10.5% of all intrahepatic T cells of subjects
with moderate-to-severe steatosis, compared to 21.5% *+
14.3% T cells in the liver of subjects without any steatosis
(P = 0.03). The petcentage of CD3+/CD56+ T cells in
the liver of subjects with mild steatosis (24.1% * 12.4%)
was intermediate between that of normal and moderate-
to-sevete steatosis, and was significantly lower than that
of the subjects with moderate-to-severe steatosis (P =
0.05) with a correlation of 0.93. While in all three subject
cohorts, the percentage of CD3+/CD56+ cells was sig-
nificantly lower in the blood compared to the liver, the
petcentage PBMC CD3+/CD56+ NKT cells of subjects
with moderate-to-severe steatosis (12.3% * 5.6%) was sig-
nificantly greater than both subjects with no steatosis (5.1%
+ 5.5%, P = 0.05) and those with mild steatosis (2.5% *+
1.5%, P = 0.02).

Percentage of invariant Vo.24 NKT cells in patients with
steatosis and IFN-y and IL-4 expression

We also analyzed invariant NKT cells; the CD-1d-reactive,
glycolipid-activating NKT cells which express vo24". We
found that a minotity of CD3+/CD56+ NKT cells ex-
press voi24. In addition, we did not find significant differ-
ences in expression of voi24 between subjects without ste-
atosis, those with mild or those with moderate-to-severe
steatosis in the liver or blood (Table 2). When stimulated
by alpha-galactosylceramide, the prototypical stimulant
of vo24, invariant NKT cells, hepatic-detived lympho-
cytes produced greater amounts of IFN-y, as measured
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Lymphocyte population N steatosis M steatosis MS steatosis P value P value P value Correlation
(N vs M) (N vs MS) (M vsMS) coefficient
CD3+/CD4-/CD8- PBMC 8.13 3.62 22.88 0.22 0.1 0.04° 0.73
CD3+/CD4-/CD8- IHL 12.61 9.12 26.58 0.4 0.1 0.05" 0.76
CD3+/CD56+ PBMC 5.09 2.45 12.32 0.22 0.049" 0.016" 0.71
CD3+/CD56+ IHL 21.49 24.13 38.62 0.7 0.03" 0.048" 0.93
CD3+/CD56+/CD161+ PBMC 2.45 1.15 9.64 0.3 0.027° 0.017° 0.79
CD3+/CD56+/CD161+ IHL 15.50 18.90 35.81 0.6 0.006" 0.017° 0.93
CD3+/Va24+ PBMC 0.60 0.53 0.57 0.48 0.23 0.14 -0.43
CD3+/Va24+ IHL 0.43 0.42 0.76 0.9 0.37 0.36 0.85
CD3+/CD8+ IHL 55.59 49.30 26.58 0.51 0.0003° 0.006" -0.95

Each percentage is the proportion of a specific CD3+ lymphocyte population out of all CD3+ lymphocytes. “P < 0.05. PBMC: Peripheral blood mononuclear

cell; THL: Intrahepatic lymphocyte. N: Normal; M: Mild; MS: Mod/sev.
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Figure 1 Flow cytometry of CD3+/CD56+/CD161+ intrahepatic lympho-
cytes in a patient with a normal liver versus a patient with moderate
steatosis. Cells were initially selected via CD3+ gating prior to analysis for
expression of CD56 and CD161. There are a greater percentage of natural
killer T cells (CD56+/CD161+) in patients with moderate steatosis (20.1%) as
compared to patients with normal livers (6.6%). A: Normal liver; B: Moderate
steatosis.

by ELISA, compated to petipheral lymphocytes, though
no differences were noted between patient cohorts (data
not shown). In the majority of samples, 1L.-4 secretion
remained undetectable.

Expression of CD161+ on NKT cells is increased in pa-
tients with moderate to severe steatosis
CD161 (NKR-P1A) is a receptor that is primarily associ-
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ated with NK cells, but is also expressed on NKT cells,
and may indicate an effector and memory subset of such
cells"”. We therefore assessed the expression of CD161
on the CD3+/CD56+ populations in the liver and blood
(Figure 1). Again, in each cohort, there were a higher per-
centage of CD3+/CD56+ cells that expressed CD161
in the liver, compared to the blood (Table 2). Further, the
percentage of CD161-expressing CD3+/CD56+ cells
in the liver (35.8% % 9.1%) and blood (9.6% * 4.9%) of
subjects with moderate-to-severe hepatic steatosis were
significantly increased compared to those without steatosis
(iver: 15.5% =+ 12.6%, P = 0.01, blood: 2.5% * 3.8%, P =
0.03) and those with mild hepatic steatosis (liver: 18.9% *
12.5%, P = 0.02, blood: 1.2% * 1.1%, P = 0.02).

Moderate-to-severe steatosis alters the percentages of
non NKT cell lymphocyte population
In addition to increases in the percentages of NKT cells,
other minor lymphocyte subsets were significantly affected
in patients with moderate-to-severe hepatic steatosis. In-
trahepatic percentages of double negative T cells (CD3+,
CD4-, CDS8-) were increased in the liver of subjects with
moderate-severe steatosis (26.6% t 17.0%), compared to
those without steatosis [12.6% * 10.4%, P = 0.05 (Table 2)].
The CD3+/CD8+ lymphocytes were the only lym-
phocyte population found to significantly decrease in pa-
tients with moderate-to-severe steatosis. In these patients,
the percentage of CD3+/CD8+ lymphocytes (27.3%
T 9.6%) decreased significantly as compared to patients
with mild steatosis (49.%3 £ 10.7%, P < 0.001) or with-
out steatosis (55.6% £ 14.3%, P < 0.001). CD3+/CD8+
lymphocytes also decreased in the peripheral blood in
patients with moderate-to-severe steatosis as compared to
normal livers and approached significance (17.4% £ 8.5%
5 26.2% £ 7.0%, P = 0.06).

DISCUSSION

NAFLD and NASH are increasing in importance through-
out the world. While our immune system plays an impor-
tant role in the pathogenesis of this disease, our under-
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standing of the specifics of the immunopathogenesis of
NAFLD is limited. Much of our information regarding
NAFLD has come from murine models, and NKT cells
have been shown to be a key mediator of murine fatty
liver disease!™”. However, there are very few studies of in-
trahepatic NKT cells in humans. In this study, we sought
to investigate the changes in lymphocyte populations, with
a focus on NKT cells, in obese patients with histologi-
cally confirmed steatosis or steatohepatitis. We found that
NKT cells, defined as CD3+/CD56+ lymphocytes, are
significantly increased in patients with moderate to severe
steatosis as compared to patients with no steatosis or mild
steatosis. These findings differ from the numerous studies
performed in mice and suggest a different role of NKT
cells in fatty liver disease in humans.

There have been 4 previous studies investigating NKT
cells and fatty liver disease in humans, each using differ-
ent techniques and yielding different results. In a study
by Xu and colleagues, the investigators found a decrease
in peripheral va24+ NKT cells as compared to healthy
matched non-obese controls' . In that study, the diagnosis
of NAFLD was made on a clinical basis, as opposed to
our utilization of histology, which is a more specific means
of diagnosis, and IHLs were not examined. In a study
by Kremer and colleagues, the investigators also found a
decrease in NKT cells in patients with moderate to severe
steatosis'”. However, they defined NKT cells by expres-
sion of CD3+/CD57+, and used immunohistochemistry
staining instead of flow cytometry for quantification, both
of which can account for the differences in their results
and ours. Finally, Tajiri and colleagues evaluated liver bi-
opsy specimens of patients with NAFLD and performed
flow cytometry on 20 of the specimens. In these 20 speci-
mens, they found that in patients with more severe steato-
sis there was an increase in CD3+/CD56+ NKT ce]lsm,
and is in agreement with the results reported here. Finally
Syn et al'” studied 6 liver biopsies, 2 of which had con-
firmed NASH cirrhosis, and found an increase percentage
of NKT cells in the livers with NASH cirrhosis compared
to healthy controls and patients with other forms of
hepatitis. With 27 patients enrolled in this study, this is the
largest sample size to date to evaluate lymphocyte popula-
tions in patients with NAFLD. Further, we also quanti-
fied the presence of invariant NKT cells, expression of
CD161 and other minor T cell populations in our biologic
samples, as well as examining cytokine production.

NKT cells may play a number of immunoregulatory
roles in the liver and are considered by some to be a bridge
between the innate and adaptive immune systems™”
NKT cells participate in pro-inflammatory, Th1, and anti-
inflammatory Th2 mediated pathways #iz the secretion of
IFN-y and IL-4, respectively. In murine models, it has been
proposed that depletion of NKT cells shifts the hepatic
immune environment toward a Th1 milieu, leading to im-
munocyte infiltration and development of steatohepatitism.
Leptin deficient mice develop steatosis and NASH, but
they do not develop cirrhosis™. Alternatively, NKT cells,
when shifting the immune environment toward a Th2
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milieu may be responsible for collagen deposition in the
liver. Stimulation and proliferation of NKT cells in leptin
deficient mice, through adrenergic stimulation, results
in hepatic collagen deposition and fibrosis secondary to
114 and TL.-13 sectretion and activation of Th2 mediated
pathwaysm’zm. In our study, we found an increased percent-
age of intrahepatic CD3+/CD56+ NKT cells in patients
with moderate to severe steatosis and a low incidence of
steatohepatitis, which could support a protective role of
NKT cells against steatohepatitis. In addition we found
a decrease in CD3+/CD8+ intrahepatic lymphocytes
which may implicate NKT cells in shifting the hepatic im-
munoregulatory environment towards more Th2 mediated
mechanisms. We were unable to identify a difference in
the secretion of IFN-y or IL-4 by NKT cells in patients
with various degrees of steatosis, although interferon,
but not IL-4 production was elaborated when NKT cells
were stimulated in the liver samples studied. Future studies
should focus on investigating the functional role of NKT
cells in human fatty liver disease.

The multiple definitions of NKT cells can lead to
much confusion when discussing their role in the liver.
We classified NKT cells in two different ways, both by
expression of CD3+/CD56+, as well as by expression
of va24+. Human NKT cells were initially desctibed in
liver donor patients by Doherty e al*'as CD3+/CD56+
cells and were shown to be capable of lysing NK sensitive
cells. CD3+/CD56+ lymphocytes have been analyzed
for mRNA expression of vo24 and approximately 5% of
human hepatic CD3+/CD56+ lymphocytes expressed
va24 mRNA, which encodes the TCR that recognizes
CD1d ligands[zﬂ. Thus, NKT cells are also defined func-
tionally as vai24+ lymphocytes or zia isolation of CD3+
lymphocytes using CD1d ligands, and are classified as
invariant NKT cells. The CD3+/CD56+ lymphocytes,
which are also called NKT-like cells, ate populations that
incorporate many different type of lymphocytes such as
invariant T-cells and CD161+ lymphocytes which can po-
tentially create confusion”*”, Thus, although we find that
this broader more diverse population (CD3+/CD56+
NKT cells) is significantly increased with greater degrees
of steatosis, the more specific subgroup of invariant
va24 NKT cells were unchanged. It is possible that other
functional subgroups of CD3+/CD56+ lymphocytes
such as CD161+ lymphocytes play a larger role in human
NAFLD and NASH. This is in contrast to the murine
model where there are higher percentages of invariant
NKT cells normally found in the livet”™. These findings
highlight the importance of investigating the role of in-
variant NKT and NKT-like lymphocytes in human dis-
ease, rather than just using murine models.

The results of the study are limited by the small sample
size, and impaired our ability to further characterize the
role of NKT cells in NAFLD. Nevertheless the increase in
NKT cells in moderate to severe steatosis was significant
and correlates with other studies. Absolute lymphocyte
numbers were not reported here because the values were
affected by the varied size of the liver biopsy samples
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taken in each patient. Thus, NKT cell percentages of total
lymphocyte were reported for more precise comparison
between subjects. Immunohistochemistry has not yet been
performed on the liver biopsies, however we hope to con-
duct future studies to further elucidate the role of NKT
cells in NAFLD.

In this study, we examined the change in lymphocyte
populations in obese patients with NAFLD, with a focus
on intrahepatic NKT cells. We found an increase in NKT
cells, defined as CD3+/CD56+ and as well as CD161+
lymphocytes, in obese patients with moderate and severe
steatosis. These results differ from previous murine mod-
els and some human studies. In addition we reported oth-
er changes in lymphocyte populations, such as depletion
in CD3+/CD8+ lymphocytes and an increase in CD3+/
CD4-/CD8- cells, which have not yet been reported in
NAFLD. The results of this study highlight the impor-
tance of investigating NKT cells and other lymphocyte
populations in humans with NAFLD since the patho-
physiology of human NAFLD likely differs from that in
murine models. Future studies to investigate the role of
NKT cells in NAFLD in humans are warranted in order
to elucidate the mechanisms behind the pervasive disease
of NAFLD.

COMMENTS

Background

Non alcoholic fatty liver disease (NAFLD) is a common disease where fat in-
filtrates the liver, which can lead to inflammation and cirrhosis. natural killer T
(NKT) cells have been implicated in the pathogenesis of NAFLD. In obese mice,
NKT cells are depleted in the liver and are associated with a greater degree of
steatosis. When the NKT cells are upregulated in mice, the degree of fatty infil-
tration diminishes. There is limited data about NKT cells in human NAFLD, and
this study adds to our understanding of NKT cells in human NAFLD.

Research frontiers

The data on intrahepatic NKT cells and its role in human steatosis has been
mixed. There have been 3 studies investigating NKT cells and NAFLD. One
found that NKT cells are depleted with increased steatosis whereas the others
found an increase in NKT cells with steatosis. This study contains the largest
sample to date which investigates NKT cells in human NAFLD.
Innovations and breakthroughs

The authors found that NKT cells, defined as CD3+/CD56+ lymphocytes are
increased in human livers with moderate and severe steatosis. In addition, they
reported other changes in lymphocyte populations with steatosis, such as deple-
tion in CD3+/CD8+ lymphocytes and an increase in CD3+/CD4-/CD8- cells, which
have not yet been reported in NAFLD.

Applications

These findings further support the role of NKT cells in NAFLD and highlight an
important difference between NKT cells in the murine model of fatty liver dis-
ease and human NAFLD.

Terminology

NKT cells are a highly conserved subset of lymphocytes with properties of both
T cells (CD3+ expression) and NK cells (CD56+ and CD161+ expression). The
liver contains a high percentage of these unique lymphocytes, which have been
implicated in the pathogenesis of non alcoholic fatty liver disease.

Peer review

The authors showed that patients with moderate or severe steatosis had a higher
percentage of intrahepatic CD3+/CD56+ NKT cells than that with mild steatosis
or without steatosis. Further, the percentage of CD3+/CD56+CD161+ cells in
the liver of subjects with moderate-to-severe hepatic steatosis were significantly
increased compared to those with mild hepatic steatosis or without steatosis.
This is an interesting finding and may provide more information about the NKT
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cells in human NAFLD because the data on NKT cells in human NAFLD is limited
at present. However, there are several areas of the manuscript that the authors
should expand upon that would enhance the presentation.
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