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A complex role of the immune system has been highlighted in the development and progression of
hepatocellular carcinoma (HCC). Natural Killer cells (NK) and natural killer T cells (NKT) cells are among
the innate immune lymphocytes that predominate in the liver and can prevent tumor growth and
metastasis. The aim of the study was to measure the percentages of NK and NKT cells among a sample of
Egyptian patients with HCC and to find the association between their frequencies and disease
progression. The study included 2 groups; the HCC patient group (n=40) and the healthy control group
(n=20). Blood samples were drawn from all subjects for complete blood picture, liver enzymes and alpha
fetoprotein serum level measurement. Flow cytometric analysis was performed for CD3 and CD16/56 for
determining the percentages of NK and NKT cells. The frequencies of NK cells and NKT cells were
significantly decreased in HCC patients (6.58+ 1.76 and 5.26 + 1.13 respectively) as compared to healthy
controls (9.01+1.62 and 6.88 + 1.88 respectively) (P<0.001 and 0.0008 respectively) and in HCC patients
with metastasis (6.01+ 1.11 and 5.07+ 1.10 respectively) than HCC patients without metastasis (7.75+ 1.98
and 5.89+ 0.88 respectively) (P=0.004 and 0.03 respectively). We concluded that the reduced percentages
of NK cells and NKT cells in HCC patients especially in those with metastasis point to their important
roles in the occurrence and progression of HCC.

epatocellular carcinoma (HCC) is

one of the most common
malignancies worldwide especially

in developing countries, where hepatitis B
virus (HBV) and hepatitis C virus (HCV)
infections are endemic [1]. In Egypt, HCC
constitutes 70.48% of all hepatic tumors [2].
It has a very poor prognosis, and most
patients are diagnosed at advanced stages
leading to limited therapeutic options [3, 4].
A complex role of the immune system
has been highlighted in the development and
progression of HCC in many studies making
immunotherapy a promising adjuvant
therapy for such patients [5, 6]. It is now
being recognized that the innate arm of the
immune system may have a potentially

important role in immune responses in liver
diseases [7].

The distribution of lymphocytes in the
liver differ from the peripheral blood and
other organs [8-11]. The liver is
characterized by a high proportion of the
innate immune lymphocytes [including the
natural killer (NK) and natural Killer T
(NKT) cells] compared to other organs
pointing to their critical roles in the
pathogenesis and immune homeostasis in the
liver [12-14]. These cells are among the
important cytolytic components in the liver
and are able to release immunomodulatory
cytokines, which activate other cells of the
immune system preventing tumor growth
and spread. Therefore, a decrease in the
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count of these cells may facilitate tumor
progression by unknown mechanisms [15-
18].

Many studies pointed to the lower
representation of the NK and NKT cells in
the tumor environment which was also
negatively associated with the prognosis of
HCC patients [19]. On the other hand, few
studies referred to their pattern in the
peripheral blood of patients with HCC [12,
21]. The study aimed to evaluate NK and
NKT cells among Egyptian patients with
HCC and to find a possible association
between their frequencies and disease
progression.

Patients and Methods

Study subjects

This is a prospective case—controlled study that
included 40 patients with newly diagnosed HCC in
Assiut university hospitals, Faculty of Medicine,
Assiut University and 20 age and sex matched
healthy controls. The HCC group included 26 patients
with metastasis and 14 patients without metastasis.
All patients didn’t receive any anti-tumor treatment.
The study was approved by the local ethical
committee of Faculty of Medicine, Assiut University.
An informed written consent was taken from of all
cases and controls. Diagnosis of HCC was achieved
by triphasic CT abdomen or dynamic MRI
demonstrating the criteria of HCC which are rapid
arterial enhancement and late venous washout. The
severity of cirrhosis was assessed by The Child-Pugh
score. Exclusion criteria included HCC patients under
treatment with immunosuppressives or
chemotherapy, previously treated patients, other
malignancies and chronic diseases.

Five ml peripheral blood samples were taken from
all subjects and complete blood picture by the fully
automated blood counters (Celltac E automated
hematology analyzer, Tokyo, Japan), liver functions
tests (alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) by Cobas Integra 400
Chemistry Analyzer (Roche Diagnostics GmbH,
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Mannheim, Germany) and alpha fetoprotein serum
level measurement using Access 2 tumor marker
analyzer (Beckman Coulter, USA, S.N.: 510552)
were done.

Flow cytometric detection of NK and NKT
lymphocyte

Fifty ul of blood sample was stained with 5 pl of
fluoroisothiocyanate  (FITC)-conjugated  CD3for
identification of T lymphocytes and phycoerythrin
(PE)-conjugated CD16/56 (Becton Dickinson (BD)
Biosciences, San Jose, CA, USA) for detection of NK
and NKT cells. Incubation was carried out for 15
minutes at room temperature in the dark, after which
red blood cells lysis was done. Then the cells were
washed once and were resuspended in phosphate
buffer saline (PBS). Flow cytometric analysis was
done by FACSCalibur flow cytometry with Cell
Quest software (BD Biosciences, USA). Lymphocyte
population was detected on the scatter histogram.
Then, the percentages of CD3'CD16/56" (NK) and
CD3'CD16/56" (NKT) were detected in the
lymphocyte populations.

Statistical Analysis

Statistical analysis was performed with GraphPad
Prism version 7.0 b software (Graph Pad Software
Inc., San Diego, CA, USA). For qualitative data, the
frequency and percentage was used, while for
quantitative data, the meant standard error (SEM)
was used. Mann-Whitney analysis and Spearman’s
correlation were used to detect the statistical
significant  differences  between groups and
correlation analysis respectively. P value < 0.05 was
considered significant.

Results

The biochemical and clinical characteristics
of the studied groups are summarized in
table 1. The levels of total bilirubin,
albumin, ALT, AST and AFP were
significantly different in the HCC group as
compared to the control group (P<0.001) as
shown in table 1.
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Table 1. Clinical and biochemical characterization of HCC patients and controls

HCC group
Controls (n=20) P-value
(n=40)
Age (range) 50-70 53-65 NS
Sex (male/ female) 16/ 4 14/6 NS
Total bilirubin (mg/dl) 1.62+1.67 0.77+0.08 <0.001
Albumin (gm/dl) 3.04+0.7 4.08£0.41 <0.001
ALT(mg/L) 136.82+17.12 29.70 £ 6.52 <0.001
AST (mg/L) 127.90+46.47 38.55+11.06 <0.001
AFP (IU/L) 4383+763.40 5.23+1.80 <0.001
Class A (n=20)
Child Pugh class Class B (n=10) na na
Class C (n=10)
single <5 cm (n=15)
Hepatic focal lesions single >5 cm (n=10) na na
multiple (n=15)
HCC &Metastasis
With-metastasis 26/40 (65%)
na na

Without metastasis

14/40 (35%)

P>0.05 is not significant (NS), na = not applicable.

Frequency of CD3 T, NK and NKT cells
among the studied groups

Lymphocyte population was detected on the
scatter histogram. Then, the percentages of
CD3CD16/56" (NK) and CD3*CD16/56"

(NKT) were detected in the lymphocyte
populations (figure 1).

The frequencies of CD3 T, NK and NKT
cells were significantly lower HCC patients
compared to the control group (P values
0.04,<0.001, 0.0008) as shown in table 2.
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Figure 1. Flow cytometric analysis
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Table 2. The frequencies of CD3T, NK and NKT-cells among the studied groups

HCC patients

Healthy controls

*P- val
percentage (n=40) (n=20) value
CD3 T cells 68.56+1.59 71.69+1.57 0.04
NK cells 6.58+£1.76 9.01+1.62 <0.001
NK-T cells 5.26+1.13 6.88+£1.88 0.0008

* P- value <0.05 is significant

Interestingly, the frequencies of NK cells
and NKT cells were significantly lower in
HCC patients with metastasis (6.01+ 1.11
and 5.07+ 1.10 respectively) compared to

HCC patients without metastasis (7.75+ 1.98
and 5.89+ 0.88 respectively) (P= 0.004 and
0.03 respectively) as shown in figure 2.
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Figure 2. Frequencies of NK and NKT cells in HCC patients with and without metastasis.

Discussion

NK and NKT cells have important roles in
defense against viral infections and tumors
[21]. In the liver, a high proportion of NK
(30-50%) and NKT cells (5-10%) have been
recognized [12, 22]. Therefore, the decrease
in the count of these cells by different
mechanisms may facilitate the tumor
progression. Many studies demonstrated a
lower percentage of NK and NKT cells in

the tumor infiltrating lymphocytes (TILSs)
which was negatively associated with the
prognosis of HCC  patients  [19,
20].However, there has been a debate
regarding their frequencies in the peripheral
blood of HCC patients. So, we aimed to
evaluate the percentages of NK and NKT
cells among Egyptian patients with HCC and
to find the association between their
frequencies and disease progression.
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In the present study, there was a
significant decrease in the frequencies of NK
and NKT cells in peripheral blood of HCC
patients compared to controls (P values <
0.001 and 0.0008).These findings are
supported by previous studies [12, 22- 24].

In addition to the quantitative reduction
in the NK cell, functional impairment was
also reported previously leading to the loss
of anti-tumor immune responses in HCC
patients. The mechanisms responsible for
impaired NK function remain unknown in
HCC patients [22]. These cells are potent
constitutive immune effectors, which can
use the perforin-mediated secretory/necrotic
mechanism in addition to the powerful TNF
family  ligand-mediated  non-secretory
apoptotic mechanism to destroy most solid
tumor cell targets [25, 26]. In HCC patients,
decrease in granule-releasing capacity of NK
cells, alteration in the pattern of expression
of NK cell-activating ligands, impairment of
NK  receptor-mediated signaling and
increased Treg frequency might impair NK-
mediated immune responses in these patients
especially in advanced stages [27-29]. Also,
phagocytosis of NK cells via hepatic stellate
cells has been observed in patients with
cirrhosis and HCC [30-31].

On the other hand, a recent study found
that the proportions of NK and NKT cells
were not altered in the peripheral blood of
HCC as compared to healthy controls. The
authors explained that by the relatively low
proportion of NK and NKT cells in
peripheral blood mononuclear cells of the
healthy donors included in their study [12].

As for NK cells, the number of
circulating NKT cells (type l)in addition to
their functions were significantly lower in
patients  suffering from malignancies
compared to controls [32-33]. The count of
such cells was even lower in late-stage
versus early-stage cancer patients [33].
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In this study, we also found that the
frequencies of the peripheral NK and NKT
cells were significantly decreased in HCC
patients with metastasis as compared to
HCC patients without metastasis suggesting
depletion by malignancy. This is in
accordance with Guo et al., who reported
that the frequency of NK cells in TILs of
HCC patients with metastasis was lower
than those without metastasis [20].This was
also supported by the findings of a previous
experimental study [34]. Such reduction was
attributed to the higher frequency of Treg
cells in patients with metastasis than those
without metastasis [20].

The anti-metastatic function of NK cells
is mediated by the control of tumor
metastasis through perforin and IFN-y
[35].Moreover it was previously reported
that the frequencies of these innate immune
lymphocytes in the HCC tissue are
significantly associated with patients’
survival making them good prognostic
markers [20].

The role of NKT cells in cancer has been
an important topic recently. Two subsets
have been recognized (type | and type II)
based on their TCR repertoire. Both
subtypes recognize molecules presented by
CD1d molecules but differ in the type of
antigen to be recognized, for type I, it is
glycosphingolipid a-galactosylceramide (o-
GalCer), while for type Il it is non-a-GalCer
molecules [36].

In the peripheral blood, the circulating
type | counts vary among healthy individuals
ranging from <0.1% to more than 5% of the
total T lymphocytes [37,38]. In the liver,
type | NKT constitutes ~1% of total T
lymphocytes [39]. Functionally, these cells
are divided into 5 subsets depending on the
cytokines they secrete (TH1- like, TH2-like,
TH17-like, Treg-like, TFH-like). For Type Il
NKT cells which lack specific markers, only
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2 subsets were determined (TH1- like and
TH2-like).

Activated NKT cells can kill tumor cells
directly in a CD1d-dependent manner unlike
NK that use perforin/granzyme-mediated
mechanisms  mostly  [40].  Activation
depends on the balance between inhibitory
and stimulatory signals as in NK cells
leading to expansion and secretion of a
number of cytokines [41, 42]. It was
previously reported that the higher the
numbers of such cells in the tumor, the
better the clinical outcome [43]. The role of
NKT cells in cancer is recently found to be
more dynamic than previously thought.
During the early stages of the tumor, TH1-
like NKT cell subsets can initiate effective
antitumor immune responses. However, as
the tumor progresses, the NKT cells become
over stimulated and anergic facilitating
immune escape and losing their antitumor
function [44].

We conclude that NK cells and NKT cells
are found in lower frequencies in HCC
patients compared to controls with even
more significant reduction in HCC patients
with metastasis compared to those without
metastasis pointing to their significance in
HCC development and progression.
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