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Abstract
AIM: To investigate whether changes in the frequency 
of peripheral natural killer T (NKT) cells were correlated 
with l iver disease in patients who had metabolic 
predispositions to nonalcoholic fatty liver disease 
(NAFLD).

METHODS: Peripheral blood samples were obtained 
from 60 Chinese NAFLD patients and 60 age and gender 
matched healthy controls. The frequency of peripheral 
NKT cells was detected by flow cytometry. Clinical and 
laboratory data were collected for further analysis. 

RESULTS: NAFLD patients had a lower frequency 
of peripheral NKT cells than healthy controls (1.21% 
± 0.06% vs  1.62% ± 0.07%, P  < 0.001). Further 
analysis revealed that the frequency of peripheral 
NKT cells was negatively correlated with body mass 
index, waist circumference and serum levels of alanine 
aminotransferase. Logistic regression analysis revealed 
that elevated body mass index [hazard ratio (HR): 
2.991], aspartate aminotransferase levels (HR: 1.148) 
and fasting blood sugar (HR: 3.133) increased the risk 
of NAFLD, whereas an elevated frequency of peripheral 
NKT cells (HR: 0.107) decreased the risk. 

CONCLUSION: Changes in the frequency of peripheral 
NKT cells were correlated with NAFLD and a decreased 
frequency of peripheral NKT cells was a risk factor for 
NAFLD.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD), ranging from 
nonalcoholic steatosis to nonalcoholic steatohepatitis 
(NASH) and cirrhosis, may be the most common liver 
disease in western countries, with a prevalence of  
20%-30% in the general population[1,2]. Nonalcoholic 
steatosis is considered to be a benign condition, but 
NASH can progress to cirrhosis and liver failure, and the 
5-year survival rate for an individual diagnosed with NASH 
is estimated to be 67%[3]. Although NAFLD has been 
extensively studied in recent years, the exact pathogenesis 
of  this disease remains unknown.

Natural killer T (NKT) cells were originally defined 
in mice in the last decade as a lymphocyte subtype that 
co-expresses natural killer receptors together with T cell 
receptors[4]. A striking characteristic of  these T cells is the 
recognition of  lipid antigens presented by the restrictive 
non-classical, non-polymorphic MHC class I-like CD1d 
molecule[5]. The capacity for rapid secretion of  cytokines, 
such as interleukin-4, interferon-γ, interleukin-10 and 
interleukin-13, assures these cells an immuno-modulatory 
role in autoimmune, allergic, antimicrobial and anti-tumor 
immune responses[6].

Recently, several lines of  evidence from animal 
experiments have suggested a link between NKT cell 
deficiency and NAFLD[7-10]. Hepatic NKT cells were 
reduced in leptin-deficient ob/ob mice[7] and in mice fed 
with a high fat diet[8]. Adoptive transfer of  NKT cells[9] 
or oral administration of  liver-extracted proteins[10] 
ameliorated steatosis and glucose intolerance in leptin-
deficient ob/ob mice. These metabolic improvements were 
partly associated with an increase in hepatic NKT cell 
numbers[9,10].

These experimental results support a regulatory role 
for NKT cells; however, their role in the clinical setting of  
NAFLD remains unclear. This observation prompted this 
investigation of  the possible role of  NKT cells in NAFLD 
patients. The present study questions whether changes in 
the frequency of  peripheral NKT cells are correlated with 
liver disease in patients with a metabolic predisposition to 
NAFLD.
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MATERIALS AND METHODS
Subjects
This study was carried out at the First Affiliated Hospital 
of  Zhejiang University School of  Medicine. All subjects 
were volunteers attending their annual examination at our 
hospital from Sep 5 to Oct28, 2005. Informed consent 
was obtained from all subjects and the study protocol was 
approved by the hospital Ethics Committee.

The diagnosis of  NAFLD was based on the criteria 
established by the Fatty Liver and Alcoholic Liver Disease 
Study Group of  the Chinese Liver Disease Association[11]. 
The exclusion criteria specific to this study included 
persons with a self-reported history of  acute infection or 
tissue injury in the previous 3 mo, patients with a history 
of  a malignant tumor or autoimmune disease, and patients 
above 65 years old or below 20 years old. A total of  60 
eligible NAFLD patients were enrolled (50 males and 10 
females, median age 40.0 years, range from 24 years to 65 
years). 

For each NAFLD patient, one control was enrolled 
with matching gender and age (within 3 years). A total 
of  60 healthy controls were enrolled (50 males and 10 
females, median age 42.0 years, range from 25 years to 
65 years). All controls were free of  viral hepatitis and 
autoimmune disease and had alcohol consumption within 
“sensible” limits (less than 30 g/d for men and less than 
20 g/d for women). Exclusion criteria were the same as for 
the patient group.

Clinical examination
The clinical examinations were administered in the 
mornings after an overnight fast, and the subjects were also 
instructed to refrain from exercise during the day before 
their examination. The examination consisted of  a physical 
examination by a physician, blood draw, blood pressure 
measurement, anthropometry and a health habit inventory. 
Body mass index (BMI, kg/m2), used as an index of  body 
fat, was calculated as weight in kilograms divided by height 
in meters squared. The waist to hip ratio was calculated as 
waist circumference divided by hip circumference.

Laboratory investigation
Blood samples were obtained from an antecubital vein 
and the samples were used for the analysis of  biochemical 
values and NKT cells frequency. Biochemical values were 
measured by the Hitachi autoanalyzer model 7600 (Hitachi 
Corp, Japan). The biochemical values included alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), 
triglyceride, total and high-density lipoprotein cholesterol 
and fasting blood sugar (FBS). 

The frequency of  peripheral NKT cells was measured 
by flow cytometry as previously described[12,13]. In brief, 
two-color flow cytometric analysis was performed with an 
EPICS-XL flow cytometer (Beckman-Coulter Corp, USA) 
using System Ⅱ software. FITC-conjugated anti-Vα24 
monoclonal antibody (Immunotech, France) was used to 
label NKT cells, and isotype matched controls were also 
used in all experiments. Vα24+ T cells were considered to 
be NKT cells in the present study. 

Statistical analysis
Dates are presented as mean ± SE. The data were analyzed 
by SPSS11.5 statistical software. The Mann-Whitney U 
test or Student’s t-test were used for comparisons of  the 
data. Spearman correlation analysis was used to estimate 
the relationship between the frequency of  peripheral 
NKT cells and other variables. Logistic regression analysis 
(Backward: Wald; Entry: 0.05, Removal: 0.10) was used to 
evaluate the risk factors for NAFLD. P < 0.05 (2-tailed 
test) was considered statistically significant.

RESULTS
Clinical and laboratory data
NAFLD patients and healthy controls were different 
in terms of  weight, BMI, waist circumference, hip 
circumference, waist to hip ratio, systolic blood pressure, 
diastolic blood pressure, ALT, AST, triglyceride, total-
lipoprotein cholesterol and FBS, while there was no 
difference in terms of  age, gender, height, or high-density 
lipoprotein cholesterol between the two groups (Table 1).

Frequency of peripheral NKT cells
NAFLD patients had a lower frequency of  peripheral 
NKT cells, 1.21% ± 0.06% in NAFLD patients versus 
1.62% ± 0.07% in healthy controls (P < 0.001) (Figure 1).ure 1).1).

Relationship between the frequency of peripheral NKT
cells and other variables
Spearman correlation analysis revealed that there was a 
poor correlation between the frequency of  peripheral 
NKT cells and BMI (r = -0.322, P = 0.001), waist 
circumference (r = -0.237, P = 0.021) and ALT levels (r = 
-0.217, P = 0.035). 

We further analyzed the relationship between the 
frequency of  peripheral NKT cells and the three variables. 
As shown in Figure 2, the frequency of peripheral NKTure 2, the frequency of peripheral NKT2, the frequency of  peripheral NKT 
cells was decreased in the subjects with high BMI (BMI ≥ 
24 kg/m2), or in the subjects with high waist circumference 

Table 1  Data comparison between NAFLD patients and healthy 
controls (mean ± SE)

Variable Healthy controls NAFLD patients

Age (yr)   43.0 ± 1.3   43.0 ± 1.3
Height (cm) 166.7 ± 6.2 167.1 ± 6.9
Weight (kg)   62.6 ± 7.6   75.3 ± 10.4 b

Body mass index (kg/m2) 22.50 ± 0.29 26.91 ± 0.37 b

Waist circumference (cm)   80.2 ± 0.8   92.0 ± 1.1b

Hip circumference (cm)   93.7 ± 0.5 100.3 ± 0.7 b

Waist-hip ratio 0.856 ± 0.006 0.916 ± 0.006 b

Systolic blood pressure (mmHg) 119.5 ± 2.2 130.3 ± 2.0 b

Diastolic blood pressure (mmHg)   73.3 ± 1.4   81.0 ± 1.2 b

Alanine aminotransferase (U/L)   21.5 ± 1.8   46.9 ± 3.6 b

Aspartate aminotransferase (U/L)   24.4 ± 1.0   36.0 ± 2.8 b

Triglyceride (mmol/L) 1.712 ± 0.142 2.632 ± 0.144 b

Total cholesterol (mmol/L) 4.583 ± 0.111 4.973 ± 0.117 d

High density lipoprotein 
cholesterol (mmol/L)

1.264 ± 0.277 1.277 ± 0.033

Fasting blood sugar (mmol/L) 4.356 ± 0.068 5.567 ± 0.311b

bP < 0.001 vs healthy controls; dP < 0.01 vs healthy controls.



(waist circumference ≥ 90 cm for male and ≥ 85 cm for 
female), or in the subjects with elevated ALT (ALT ≥ 50 
U/L). This result partially indicated that the frequency of  
peripheral NKT cells was negatively correlated with BMI, 
waist circumference and ALT.

The risk factors in NAFLD
Stepwise regression analysis was performed on the 11 
variables that were different between the two groups 
(weight and hip circumference were excluded) using the 
dichotomous variable logistic regression model. The results 
showed that four features were closely associated with the 
risk for NAFLD, including the frequency of  peripheral 
NKT cells, BMI, AST and FBS (Table 2).

DISCUSSION
These results indicate that changes in the frequency of  
peripheral NKT cells are correlated with liver disease in 
patients with a metabolic predisposition to NAFLD. This 
finding was supported by three main results. First, NAFLD 
patients had a lower frequency of  peripheral NKT 
cells, a unique T lymphocyte subtype that shares some 
characteristics with natural killer cells[14]. NKT cells have 
been shown to play important regulatory roles in various 
liver diseases such as viral hepatitis[15], autoimmune liver 
disease[16], metabolic liver disease[17] and hepatic malignant 
tumor[18]. The frequency of  peripheral NKT cells was 
decreased in patients with hepatitis C[15] and autoimmune 
hepatitis[16]. The decreased frequency of  peripheral NKT 
cells may be caused by down-regulation of  T cell receptors, 
apoptosis of  the cells and/or compartmentalization 
into peripheral organs[15]. The decreased frequency of  
peripheral NKT cells in NAFLD patients in the present 
study indicates that NAFLD may represent another liver 
disease related to a decreased frequency of  peripheral 
NKT cells. 

The second result was that the frequency of  peripheral 
NKT cells was negatively correlated with BMI, waist 
circumference and ALT. NAFLD has been shown to be 
strongly associated with excess body weight and central 

adiposity in particular[19-21]. Most NAFLD patients are 
overweight, and the prevalence of  NAFLD is much more 
common in obese than in non-obese individuals (76% vs 
16%)[19]. BMI and waist circumference, used as indicators 
for obesity and central obesity, are closely related with 
NAFLD[19-22]. ALT is also closely related with NAFLD, and 
excluding causes such as chronic hepatitis and alcohol-
induced liver disease, NAFLD explains 80% to 90% of  the 
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Figure 1  Frequency of peripheral NKT cells in NAFLD patients versus healthy 
controls. Boxes show values within 25th and 75th percentiles, horizontal bar 
represents the median, 80% of values are between the extremities of vertical bars 
(10th-90th percentiles), and extreme values are represented by individual symbols. 
bP < 0.001 vs healthy controls.
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Figure 2  Relationships between the frequency of peripheral NKT cells and BMI, 
waist circumference and ALT. A: The frequency of peripheral NKT cells was 
compared between the subjects with BMI ≥ 24 kg/m2 (n = 68) and the subjects 
with BMI < 24 kg/m2 (n = 52), bP < 0.01 vs subjects with BMI < 24 kg/m2; B: The 
frequency of peripheral NKT cells was compared between the subjects with 
waist circumference ≥ 90 cm for male and ≥ 85 cm for female (n = 47) and 
the subjects with normal waist circumference (n = 73), aP < 0.05 vs subjects 
with normal waist circumference; C: The frequency of peripheral NKT cells was 
compared between the subjects with ALT ≥ 50 U/L (n = 21) and the subjects with 
ALT < 50 U/L (n = 99), cP < 0.01 vs subjects with ALT < 50 U/L.
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remaining cases of  elevated ALT[23]. Therefore, elevated 
ALT has been used as a noninvasive surrogate marker 
for NAFLD[21,24]. In the present study, the frequency 
of  peripheral NKT cells was found to be significantly 
correlated with BMI, waist circumference and ALT, but 
the r values were very low, indicating that the correlation 
between these terms was very weak. However, as BMI, 
waist circumference and ALT were all strongly associated 
with NAFLD, the present findings might suggest that 
peripheral NKT cells are correlated with NAFLD.

The third result supporting the correlation of  NKT 
cells with NAFLD was that the decreased frequency 
of  peripheral NKT cells was a risk factor for NAFLD. 
Previous studies revealed that overweight, diabetes mellitus 
and elevated liver enzymes were risk factors for NAFLD 
in agreement with our results[1,19,25,26]. In addition, this study 
showed that the decreased frequency of  peripheral NKT 
cells was another risk factor for NAFLD. This association 
may due, at least in part, to a diminished protective effect 
of  the lower number of  NKT cells against vulnerable 
factors such as lipopolysaccharide (LPS)[8]. This finding 
also suggests that NKT cells are associated with NAFLD, 
and could lead to immune manipulations of  NKT cells as 
a therapeutic tool in NAFLD in the future. Interestingly, 
data from animal experiments confirmed the therapeutic 
role of  NKT cells in NAFLD[9,10]. 

This study had some limitations, however. The first 
limitation was regarding the methodology used to evaluate 
peripheral NKT cells. Until recently, NKT cells could not 
be unambiguously identified. αGalCer/CDld tetramers 
and Vα24/Vβ11 double-staining are considered to be 
two standard methods for NKT cell identification[27]. 
Vα24 staining alone as used in the present study may 
overestimate the numbers of  Vα24 and Vβ11 double-
positive NKT cells. However, because NKT cells represent 
a subtype of  T lymphocytes, staining NKT cells with 
Vα24 and CD3 reduces the possibility of  overestimation, 
and the same method has also been used by previous 
studies[12,13]. The second limitation was that hepatic NKT 
cells were not studied in NAFLD patients or in healthy 
controls. NKT cells arise mainly in the thymus and migrate 
to peripheral tissues, such as the liver and pancreas, where 
they accumulate in large numbers[28]. It would be much 
more meaningful to study hepatic NKT cells in NAFLD 
patients, but it was not convenient to get enough liver 

tissue samples from NAFLD subjects, in part due to 
ethical reasons. The third limitation is that the involvement 
of  peripheral NKT cells in NAFLD was not studied. 
NKT cells have several subtypes such as CD4＋CD8-, 
CD4-CD8- (DN) and CD4-CD8＋, and different subtypes 
have different functions[6]. Further studies are needed to 
understand the relationship between the subtypes of  NKT 
cells and NAFLD. 

In conclusion, these results suggest that changes in the 
frequency of  peripheral NKT cells were correlated with 
liver disease in patients who had a metabolic predisposition 
to NAFLD, and a decreased frequency of  these cells was a 
risk factor for NAFLD. These findings suggest a potential 
role for peripheral NKT cells in the pathogenesis of  
NAFLD.
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 COMMENTS
Background
Nonalcoholic fatty liver disease (NAFLD) has been extensive studied in recent 
years, but the mechanism of this disease remains unclear. The most popular two-
hit hypothesis keeps that hepatic fat accumulation is the first hit and concomitant 
hepatic inflammation is the second hit. Several potential pathogenic factors 
including insulin resistance, mitochondrial dysfunction, lipid peroxidation and 
immunity abnormality have been intensively investigated.

Research frontiers
To explore the role of NKT cells in the clinical setting of NAFLD.

Related publications
Recent evidences from animal experiments indicated an association between NKT 
cells and NAFLD. It was observed that hepatic NKT cells were reduced in leptin-
deficient ob/ob mice and in mice fed with a high fat diet. Adoptive transfer of NKT 
cells or oral administration of liver-extracted proteins ameliorated steatosis and 
glucose intolerance in leptin-deficient ob/ob mice.

Innovations and breakthroughs
Previous evidences supporting the association between NKT cells and NAFLD were 
all from animal experiments. Whether NKT cells also play important regulatory role 
in the clinical setting of NAFLD remains unclear. In this study, the authors found that 
changes in the frequency of peripheral NKT cells were correlated with NAFLD and a 
decreased frequency of peripheral NKT cells was a risk factor for NAFLD.

Applications
The results may provide new theoretic and experimental evidences for the study 
of the pathogenesis of NAFLD, and new therapeutic approaches for NAFLD by 
regulating the balance of NKT cells in the body.

Terminology
NKT cells were originally defined in mice in the last decade as a lymphocyte 
subtype that co-expresses natural killer receptors together with T cell receptors. A 
striking characteristic of these T cells is the recognition of lipid antigens presented 
by the restrictive non-classical, non-polymorphic MHC class I-like CD1d molecule. 
NKT cells play an important immuno-modulatory role in autoimmune, allergic, 
antimicrobial and anti-tumor immune responses.

Table 2  Results of the logistic regression analysis of risk factors 
for NAFLD

Variable        β    SE Wald value  P-value   OR 95% CI of OR
NKT   -2.239   0.984   5.181     0.023     0.107 0.016-0.733
BMI     1.096   0.370   8.755     0.003     2.991 1.448-6.181
AST     0.138   0.062   4.960     0.026     1.148 1.017-1.296
FBS     1.142   0.459   6.186     0.013     3.133 1.274-7.707
Constant -53.119 14.751 12.967 < 0.001 < 0.001 -

Β: partial regression coefficient; SE: standard error of partial regression 
coefficient; OR: odds ratio; CI: confidence interval; NKT: peripheral 
natural killer T cell frequency; BMI: body mass index; AST: aspartate 
aminotransferase; FBS: fasting blood sugar. 
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Peer review
The paper by Xu et al describes that a reduced number of peripheral NKT cells is 
associated with NAFLD. The topic of the paper is highly interesting. The patients 
have to be much better characterized.
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