
Abstract. Background/Aim: In chronic liver disease,
various immune cell subsets exert pro or anti-tumour effects
by releasing reactive oxygen and nitrogen species (ROS,
RNS). Here, we evaluated the oxidative and nitrosative
pattern in peripheral blood leukocyte subpopulations of
early hepatocellular carcinoma (HCC) patients compared
with HCC-free cirrhotic patients. Materials and Methods:
Venous blood samples from 18 HCC-free cirrhotic patients
and 17 early stage HCC patients were collected to determine
ROS, RNS and reduced glutathione levels in isolated
leukocytes analyzed by flow cytometry. Results: Intracellular
levels of ROS and glutathione were higher in lymphocytes,
monocytes, and neutrophils from HCC patients as well as
mitochondrial superoxide in neutrophils and monocytes
whereas intracellular levels of nitric oxide were lower in
lymphocytes, monocytes, and neutrophils. Conclusion: Early
HCC alters intracellular levels of ROS and RNS of some
circulating leukocytes subsets. This finding may represent a
potential area of interest concerning the development of new
treatments and prognostic markers.

Despite significant improvements throughout the last two
decades in the treatment and diagnosis of hepatocellular
carcinoma (HCC) and the evolving understanding of its
pathophysiology, fundamental aspects of HCC remain
unknown. The molecular heterogeneity of HCC and the

habitual presence of an underlying liver disease adds
complexity to the classification, prognosis and treatment of
this tumor. The Barcelona Clinic Liver Cancer (BCLC) is
currently the most widely used staging system for HCC (1).
According to the BCLC algorithm, patients with HCC in
very early or early stage (BCLC 0-A) can benefit from
potentially curative therapies (local ablation, resection or
liver transplantation). One of the main concerns in this group
of patients is the risk of recurrence after resection and local
ablation that can exceed 70% at 5 years (2, 3). There is a
lack of specific markers capable of predicting HCC
prognosis in every stage. In stages 0-A no adjuvant therapies
to local ablation or surgery have proven any benefit and
hence, on behalf of recurrences, many patients in this group
may show HCC progression and worse outcome.

A potential pathogenic role of reactive oxygen species
(ROS) and reactive nitrogen species (RNS) in HCC has been
previously suggested. The most important ROS include free
oxygen radicals like superoxide (O2-), hydroxyl radical
(OH), nitric oxide (NO) radicals, as well as nonradical ROS
like hydrogen peroxide (H2O2), organic hydroperoxides, and
hypochloride. These compounds are released in response to
different stress factors and cancer-related inflammation. ROS
are known to damage DNA and membranes, induce
mutations and apoptosis and finally induce carcinoma (4).
Their relative excess or shortage is potentially deleterious.
RNS are a family of molecules derived from nitric oxide
(NO) and superoxide anion. NO reacts with ROS, releasing
potent secondary intermediates, and is a key signaling
molecule in inflammatory diseases including cancer, where
NO can be involved in the promotion or prevention of tumor
occurrence depending on the tumor microenvironment, NO
concentration and time of exposure (5).

The central role of the immune system in the pathogenesis
of HCC is also well known. Cancer immune response might
show dual host-protective or tumor promoting actions on
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developing tumors (6). Studies in cancer immunotherapy
have focused heavily on local immune responses in the
tumor microenvironment, which contains various immune
cell subsets exerting pro-tumor or anti-tumor effects (7). On
the other hand, systemic immune response has been less
studied and commonly related to systemic inflammation and
paraneoplastic symptoms (8). A better understanding of
systemic immune response in HCC, through the study of
oxidative and nitrosative stress in different circulating
immune cells, might help to improve prognosis and
treatment of HCC.

The purpose of this study was to evaluate some aspects of
the systemic immunity in HCC by the assessment of
oxidative and nitrosative stress production in peripheral
blood leukocyte subpopulations of HCC patients in early
stages compared with cirrhotic patients without HCC. We
determined ROS and RNS, specifically, intracellular and
mitochondrial superoxide anion, nitric oxide and reduced
glutathione in some circulating leukocyte subsets from very
early/early-HCC cirrhotic patients and cirrhotic patients
without HCC.

Materials and Methods
Patients. A total of 35 patients were recruited by the Hepatology
Unit at the University Hospital of Valencia (Spain) between June
2017 and December 2018. The study protocols conform to the
ethical guidelines of the Declaration of Helsinki and were approved
by the local ethics committee. Informed consent was obtained from
each patient. Two groups of patients were evaluated. The first group
included 17 patients with cirrhosis and HCC in stages 0-A according
to the BCLC staging system. The second group comprised 18
patients with cirrhosis without HCC (HCC-free cirrhotic patients).
The diagnosis of liver cirrhosis was based on clinical, biochemical
and ultrasonographic findings, and hepatic function was evaluated
using the Child-Pugh classification. HCC was diagnosed according
to radiological criteria as recommended by the American
Association for the Study of Liver Diseases guidelines (9). The
study was carried out when diagnosis of HCC was established,
before any treatment was applied. Exclusion criteria were the
following: 1) human immunodeficiency virus infection; 2) previous
or actual history of other tumors; 3) patients with a history of
inflammatory disease or active concomitant infection; 4) congestive
heart failure and/or respiratory failure and 5) chronic kidney disease.

Blood collection and isolation of leukocytes. Samples of EDTA-
anticoagulated peripheral venous blood were collected at diagnosis
to determine a panel of hematologic and biochemical parameters
and to isolate the leukocytes. Blood samples were kept in the dark
at room temperature and processed within 1 h. Leukocytes were
isolated from whole blood by sedimentation using Histopaque-1077
(Sigma-Aldrich, St. Louis, MO, USA), a density-gradient separation
media. Histopaque-1077 and blood samples were added gently and
sequentially into a 2-ml centrifuge tube in a volume ratio of 1:0.5,
respectively. After 20 min, erythrocytes were precipitated, and a
yellowish phase was formed in the upper layer, containing the
leukocytes, which was carefully collected.

Fluorescence probes. The fluorescent probes 2’,7’-dihydrodi -
chlorofluorescein diacetate (DCF-DA), dihydroethidium (HE),
MitoSOX™ Red (MitoSOX), 4-amino-5-methylamino-2’,7’-
difluorofluorescein (DAF-FM) diacetate, and 5-chloromethyl-
fluorescein (CMF) diacetate were purchased from Molecular Probes
(Eugene, OR, USA). DCF-DA is one of the most commonly
fluorogenic substrates used in studies related to ROS generation.
Upon cleavage of acetate groups by intracellular esterases, the
oxidation produces 2’,7’-dichlorofluorescein (DCF), a fluorescent
compound. DCF is an indicator of the intracellular levels of H2O2,
but also of hydroxyl and peroxynitrite (10). HE is a cell-permeant
redox probe selectively oxidized and hydroxylated by superoxide
anion to a specific product, 2-hydroxyethidium, emitting orange
fluorescence when bound to DNA (11). MitoSOX is a fluorogenic
probe specifically targeted to mitochondria in live cells. MitoSOX
is readily oxidized by superoxide but not by other ROS- or RNS-
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Table I. Baseline characteristics of the patients with cirrhosis without
HCC (HCC-free cirrhosis) and patients with very early-early HCC
(HCC 0/A BCLC). 

                                              HCC-free              HCC 0/A           p-Value
                                               cirrhosis                 BCLC

Number of patients                     18                          17                        
Gender (M/F)                             8/10                      10/7                    NS
Age                                           71±11                    69±8                   NS
PS/ECOG                                      
  0                                                  -                           14
  1                                                  -                            3
Child-Pugh Score                                                                              NS
  5                                                  7                            9
                                                      5                            4
  7                                                  4                            3
  8                                                  2                            1
Etiology                                                                                              NS
  HCV                                           9                           13
  Alcoholic                                    4                            2
  Others                                         5                            2
Comorbidities                                
  Diabetes                                      7                            6                      NS
  Hypertension                              8                            8                      NS
  Cardiopathy                                2                            4                      NS
  Dyslipidemia                              5                            3                      NS
Creatinine                              0.85±0.06             0.76±0.02               NS
Urea                                        36.6±3.5               35.8±1.8                NS
Leukocytes (×106/l)             3,992±455            4,296±378              NS
Lymphocytes (×106/l)            893±119              1,191±132              NS
Platelets (×109/l)                      95±11                   97±24                  NS
AFP (UI/ml)                            3.6±0.8               54.8±17.1              0.04
Total Bilirubin (mg/dl)         0.91±0.12             0.96±0.14               NS
Albumin (g/dl)                        3.4±0.1                 3.8±0.1                 NS
Quick Index                              81±4                     82±5                   NS
AST                                           53±8                    99±12                0.003
ALT                                           34±6                   104±19               0.001

Data are expressed as mean±SEM. PS/ECOG: Performance
status/Eastern Cooperative Oncology Group; HCV: hepatitis C virus;
AFP: α-fetoprotein; AST: aspartate aminotransferase; ALT: alanine
aminotransferase.
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Figure 1. Gating strategy used in flow cytometry analysis to detect different subsets of circulating immune cells. (A) Lymphocyte, monocyte and
neutrophil populations from a sample of a hepatocellular carcinoma (HCC) patient were gated on a forward scatter (FSC)/side scatter (SSC) plot.
Cells were then further gated to determine CD14+ monocytes. (B) Representative flow cytometry image of samples from one HCC-free cirrhotic
patient and one HCC patients, in the absence or presence of the fluorescent probe 2’,7’-dichlorofluorescein (DCF). (C) Representative histograms
and (D) dot plots are shown in parallel with lines showing the mean±SEM of the mean fluorescence intensity (MFI). Empty histograms represent
HCC-free cirrhotic patients and filled histograms represent HCC patients. *p<0.05 indicates significant differences between both groups.



generating systems to a fluorescent product with orange
fluorescence emission (12). DAF-FM diacetate is a cell-permeable
fluorogenic substrate that is used to detect and quantify intracellular
NO (13). Lastly, CMF is a fluorescent indicator of intracellular thiol
reduced status, including reduced glutathione, the main intracellular
antioxidant (14).

Experimental protocol. An aliquot of 20 μl from the leukocyte layer
was diluted with 250 μl of phosphate-buffered saline (PBS) solution
and stained for 20 min in the dark at room temperature with one of
the following fluorescence probes at the final concentrations of:
DCF-DA 12 μM; HE: 19 μM; MitoSOX: 4 μM; DAF-FM: 2.5 μM;
CMF: 0.06 μM. Then, the samples were fixed with 2%
paraformaldehyde for 15 min and centrifuged and re-suspended with
PBS. The samples were stained with CD14-PerCP-Vio700 to
determine the monocyte population. The cells were washed, re-
suspended in PBS, and then analyzed on a FACSVerse (BD
Biosciences, San Jose, CA, USA). Background fluorescence was
assessed using the appropriate fluorochrome-matched control to
determine the positive cells.

The selection and cytometer setting were optimized for analysis
using a FACSVerse cytometer equipped with three lasers emitting
at 405, 488 and 640 nm. Fluorescence of CD14-PerCP-Vio700 was
excited with the blue laser at 488 nm and collected through 700/40

nm. Fluorescence of DCF, DAF-FM, and CMF was excited with the
blue laser at 488 nm and collected through 527/32 nm. Fluorescence
of HE and MitoSOX was excited with the blue laser at 488 nm and
collected through 586/42 nm. The lymphocytes, monocytes, and
neutrophils from the leukocyte layer were initially gated by their
characteristic forward and side scatter profiles, which represent size
and granularity of the cells, respectively. The monocyte population
was further evaluated with the CD14-PerCP-Vio700 antibody
(MiltenyiBiotec, Madrid, Spain) and flow cytometry. Background
fluorescence (in samples incubated without fluorochromes) was
subtracted from total fluorescence to obtain the value from each
individual sample. Off-line analysis of data was performed using
FACSuite (BD Biosciences, San Jose, CA, USA) and FlowJo 10.0
(TreeStar Inc., Ashland, OR, USA) software.

Statistical analysis. Results are expressed as mean±SEM. The
normality of the distributions of mean fluorescent intensities of the
fluorochromes in the different subsets of leukocytes in HCC-free
cirrhotic patients and HCC patients were determined using the
Kolmogorov-Smirnov goodness-of-fit test. Mean fluorescence
intensities of the cell staining in the two subject groups were
compared using the Student’s t-test for normally distributed
populations. Relationships between parameters were examined using
calculations of the Pearson’s correlation coefficient. The level of
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Figure 2. Total intracellular superoxide anion in leukocytes from peripheral blood cells of hepatocellular carcinoma (HCC)-free cirrhotic patients
and HCC patients measured through the fluorescent probe dihydroethidium (HE). (A) Representative histograms and (B) dot plots are shown in
parallel with lines showing the mean±SEM of the mean fluorescence intensity (MFI). Empty histograms represent HCC-free cirrhotic patients and
filled histograms represent HCC patients.



statistical significance was set at p<0.05. The statistical analyses
were performed using SPSS software, version 19 (IBM Corp.,
Armonk, NY, USA).

Results

Baseline clinical and laboratory characteristics of the study
subjects. Clinical and laboratory characteristics of patients
are shown in Table I. Serum levels of alpha-fetoprotein,
aspartate aminotransferase and alanine aminotransferase
were significantly higher (p<0.05) in patients with HCC
(p<0.05) than in HCC-free cirrhotic patients. Other
hematologic and biochemical parameters considered were
similar in both groups. There were no significant differences
in baseline clinical characteristics including age, sex, Child-
Pugh score and major coexisting diseases. The etiology of
liver disease was mainly secondary to alcohol consumption
or chronic hepatitis C. The group with HCC and the HCC-
free cirrhosis group included 2 and 5 patients, respectively,
with other etiologies (nonalcoholic liver disease,
autoimmune hepatitis and hepatitis B).

Oxidative stress profile. DCF fluorescence was significantly
increased in lymphocytes (132±25%), monocytes
(243±44%), and neutrophils (316±48%) from HCC patients
compared with HCC-free cirrhotic patients (Figure 1). Total
superoxide anion levels were similar (p>0.05) among the
different leukocyte subsets from patients with HCC and
HCC-free cirrhotic patients (Figure 2). The study of the
mitochondrial production of superoxide anion showed
significantly higher levels in monocytes (36±12%) and
neutrophils (50±14%) of patients with HCC than in the same
subsets from the group of HCC-free cirrhotic patients;
however, no differences between the two groups were found
in lymphocytes (Figure 3).

Nitrosative stress profile. The pattern of nitrosative stress in
leukocyte populations showed a significantly lower level of
intracellular NO in lymphocytes, monocytes, and neutrophils of
the peripheral blood of HCC patients than the leukocyte subsets
from HCC-free cirrhotic patients (Figure 4). The greatest
reduction in NO was observed in monocytes (47±14%),
followed by lymphocytes (35±7%) and neutrophils (34±9%).
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Figure 3. Mitochondrial superoxide anion in leukocytes from peripheral blood cells from hepatocellular carcinoma (HCC)-free cirrhotic patients
and HCC patients measured through the fluorescent probe MitoSOX™ Red (MitoSOX). (A) Representative histograms and (B) dot plots are shown
in parallel with lines showing the mean±SEM of the mean fluorescence intensity (MFI). Empty histograms represent HCC-free cirrhotic patients
and filled histograms represent HCC patients. *p<0.05 indicates significant differences between both groups.



Glutathione levels. Levels of intracellular reduced glutathione
in lymphocytes, monocytes, and neutrophils of the peripheral
blood of patients with HCC, were significantly higher than in
the same population from the group of HCC-free cirrhotic
patients (Figure 5). The glutathione levels were markedly
increased in lymphocytes (82±20%) and monocytes
(70±15%), and to a lesser extent in neutrophils (45±10%).
When assessing potential correlations in HCC patients by
calculating the Pearson’s correlation coefficient, it was found
that the levels of ROS and RNS were not associated with
Child-Pugh score and plasma hematological or biochemical
parameters.

Discussion

The results of the present study demonstrate that patients with
cirrhosis and early HCC stages present differences in
oxidative and nitrosative stress of some circulating leukocyte
subpopulations when compared with HCC-free cirrhotic
patients. This finding could indicate that the presence of early
HCC gives rise to an altered systemic immune response. 

In physiological conditions, production of ROS and RNS
maintains a balance with endogenous antioxidants (15). When
considering the local HCC microenvironment, the
overproduction of ROS and RNS is recognized as a key
factor in hepatocarcinogenesis, regardless of the etiology of
the underlying liver damage. An increase in both, ROS and
RNS production, activates different signaling cascades that
influence the regulation of cell growth (16), apoptosis,
angiogenesis, and DNA damage (17). Martínez-Outschoorn
et al. (18) have studied the secretion of hydrogen peroxide by
cancer cells causing increased ROS production in the tumor
microenvironment, what they call “the reverse Warburg
effect”. Propagation of ROS appears to be driving tumor-
stroma co-evolution, leading to DNA damage and
mutagenesis (19, 20). Fewer studies have focused their
interest in peripheric redox immune response. The present
report shows increased intracellular levels of hydrogen
peroxide, hydroxyl and peroxynitrite in lymphocytes,
monocytes and neutrophils, and increased mitochondrial
superoxide anion levels in neutrophils and monocytes in the
peripheral venous blood of HCC patients compared to HCC-
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Figure 4. Levels of intracellular NO in lymphocytes, monocytes, and neutrophils from hepatocellular carcinoma (HCC)-free cirrhotic patients and
HCC patients measured through the fluorescent probe 4-amino-5-methylamino-2’, 7’-difluorofluorescein (DAF-FM). (A) Representative histograms
and (B) dot plots are shown in parallel with lines showing the mean±SEM of the mean fluorescence intensity (MFI). Empty histograms represent
HCC-free cirrhotic patients and filled histograms represent HCC patients. *p<0.05 indicates significant differences between both groups.



free cirrhotic patients. Wilson et al. (21) have suggested that
there are phenotypic and biologically relevant changes in
peripheral blood neutrophils from HCC patients when
compared to healthy controls or cirrhotic patients. This is in
accordance with the differences found in our study regarding
the intracellular levels of circulating neutrophil ROS and
RNS in HCC patients compared to those in HCC-free
cirrhotic patients. Specifically, neutrophils have been
classified into N1, exerting anti-tumor activity by cytotoxic
effects, and N2, with pro-tumor activity (21). These
phenotypic changes have also been described in macrophages
(22), known as “macrophage polarization” (M1 macrophages
and M2 macrophages). It seems that in the early stage of
tumorigenesis, M1 macrophages exert their cytotoxic function
by releasing ROS or toxic intermediates (23), while in
advanced stages, M2 macrophages replace M1 macrophages
promoting tumor development (24). In our study, we found
increased intracellular ROS in circulating monocytes (which
become macrophages in tissues) and neutrophils of HCC
patients, that could reflect anti-tumor activity in early stages,
mediated by increased ROS production (25).

On the other hand, Liaw et al. (26) described the dramatic
down-regulation of oxidoreductase enzymes in HCC tissues,
but the increased serum activity of these enzymes in cirrhotic
patients who developed HCC. Clemente et al. (27) found
increased levels of manganese superoxide dismutase, a key
antioxidant enzyme, in the serum of patients with cirrhosis
who developed HCC during a 7-year follow-up study,
compared with HCC-free cirrhotic patients. They also found
differences between healthy subjects and HCC-free cirrhotic
patients. Our study also showed an increase in intracellular
glutathione, another important antioxidant, in circulating
monocytes, lymphocytes and neutrophils of patients with
HCC. We suggest, that the concomitant rise in intracellular
glutathione may counterbalance the increased oxidative
stress of patients with cirrhosis and HCC.

In this study, the intracellular levels of NO in patients with
HCC were decreased compared with those in HCC-free cirrhotic
patients. NO is a small hydrophobic molecule that regulates
several pathophysiological processes and a key signaling
molecule in inflammation-driven diseases including cancer. The
complexity of its biological effects explains the controversial
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Figure 5. Levels of intracellular reduced glutathione in lymphocytes, monocytes, and neutrophils from hepatocellular carcinoma (HCC)-free cirrhotic
patients and HCC patients measured through the fluorescent probe 5-chloromethylfluorescein (CMF). (A) Representative histograms and (B) dot
plots are shown in parallel with lines showing the mean±SEM of the mean fluorescence intensity (MFI). Empty histograms represent HCC-free
cirrhotic patients and filled histograms represent HCC patients. *p<0.05 indicates significant differences between both groups.



results obtained by different research groups regarding pro- or
anti-tumorigenic properties. NO reacts with superoxide anion
producing peroxynitrite and nitrogen dioxide, that may damage
different cellular targets causing apoptosis and mutagenesis (28).
NO is generated by three isoforms of NO synthases: neuronal,
endothelial and inducible. Specifically, inducible NO synthase,
can be induced in various liver cells and produce large amounts
of NO for prolonged periods of time. The role of NO in cancer
is controversial and might depend on its concentration. It has
been described, that low concentrations of NO protect cancer
cells from apoptosis and favor tumor growth (29). Conversely,
high concentrations of NO induce apoptosis. Caraglia et al. (5)
examined whether oxidative stress in serum and peripheral blood
mononuclear cells could be predictive of a response to sorafenib
in advanced HCC patients. They found that sorafenib induced a
clear increase in NO levels and superoxide dismutase activity in
responsive patients. Other studies (30) have also determined that
sorafenib effectiveness is mediated by increasing intracellular
superoxide anion, hydrogen peroxide and NO production in a
dose-dependent manner. Our results show significantly lower
levels of intracellular NO in leukocytes of the peripheral blood
from HCC patients compared with HCC-free cirrhotic patients.
We stress that our group of HCC patients was evaluated before
any treatment was applied. Diminished levels of NO in
circulating leukocytes could be secondary to NO consumption
to generate ROS. 

The present study demonstrates differences in the ROS
and RNS pattern in some circulating leukocyte
subpopulations of very early and early stage HCC when
compared with cirrhotic patients. At present, early HCC
stages are treated with percutaneous ablation, surgery or
transplant, but the current guides do not encompass any
adjuvant systemic approach. Improved understanding of the
factors implicated at a systemic level can offer targetable
aspects of HCC in order to ameliorate treatment strategies.
Systemic immune response in early HCC involving ROS and
RNS production could be evaluated as a prognostic indicator
and as a new potential target for the development of adjuvant
treatments. Nevertheless, it would be necessary to evaluate
other stages of HCC to complement our findings.
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