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Abstract
Background Liver transplantation and liver resection are curative options for early hepatocellular carcinoma (HCC). The 
outcome is in part depended on the immunological response to the malignancy. In this study, we aimed to identify immu-
nological profiles of non-HCV/non-HBV HCC patients.
Methods Thirty-nine immune cell subsets were measured with multicolor flow cytometry. This immunophenotyping was 
performed in peripheral blood (PB) and tumor specimens of 10 HCC resection patients and 10 healthy donors. The signatures 
of the highly differential leukocyte count (hDIF) were analyzed using multidimensional techniques. Functional capability 
was measured using intracellular IFN-γ staining (Trial Registration DRKS00013567).
Results The hDIF showed activation (subsets of T-, B-, NK- and dendritic cells) and suppression (subsets of myeloid-derived 
suppressor cells and T- and B-regulatory cells) of the antitumor response. Principal component analysis of PB and tumor 
infiltrating leukocytes (TIL) illustrated an antitumor activating gradient. TILs showed functional capability by secreting 
IFN-γ but did not kill HCC cells.
Conclusions In conclusion, the measurement of the hDIF shows distinct differences in immune reactions against non-HBV/
non-HCV HCC and illustrates an immunosuppressive gradient toward peripheral blood.
Trial Registration DRKS00013567

Keywords Hepatocellular carcinoma · Flow cytometry · Tumor immunology · Immunology · Liver resection

Introduction

Hepatocellular carcinoma (HCC) is the most common type 
of primary hepatic malignancies. It accounts for 80% of 
cases [1, 2]. Besides viral hepatitis, excessive consump-
tion of alcohol, diabetes/obesity are important risk factors 

of HCC, especially in the western world [3]. Early HCCs, 
which are limited to the liver, can be treated with curative 
intend through either surgical resection (LR) or liver trans-
plantation (LT) [4]. Liver resection leaves precancerous cir-
rhotic liver tissue in the patient and is also limited by the 
remaining functional liver volume. Both factors contribute to 
early recurrences and a relative high morbidity and mortal-
ity [5]. LT offers a complete resection of the precancerous 
tissue with an ideally immediately reconstituted liver func-
tion. However, livers for transplantation are scarce and LT 
associated risks are high since patients have to be treated 
with immunosuppression the rest of their lives [6].

When considering these differences, it is clear that accu-
rate prediction of tumor specific survival after resection is 
needed. Until now mostly retrospective studies offered clini-
cal prediction, which could not be confirmed in independ-
ent test cohorts [4, 7]. Besides novel statistical techniques, 
some groups of variables show great promise for preoperative 
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prediction of disease-free survival after resection [8]. Increas-
ingly, the antitumor immune response in the cancerous tis-
sue (tumor infiltrating leukocytes; TILs) has been studied 
as a relevant predictor for survival after HCC resection and 
transplantation [9–11]. The measurement of TILs, however, 
is only possible after the resection of the tumor or would 
require a biopsy, which is invasive and could prove to be 
dangerous in cirrhotic patients [12]. Up-to-now some studies 
have measured circulating immune cells in HCC patients. 
These studies, however, investigated only small subsets of 
immune cells. Additionally, mostly either the immune acti-
vating or the immune suppressing axis of the antitumor 
response is elucidated [13]. This, however, does not give a 
complete, comparable and standardized view of the immunity 
in patients with HCCs. Furthermore, the measurement of the 
tumor immune response is influenced by the underlying liver 
disease since most HCCs develop in hepatitis patients [14]. In 
hepatitis infiltrating immune cells are in part complicit in the 
initiation and progression of HCC. A complete characteriza-
tion of the tumor immunity against HCC in non-HBV/non-
HCV patients, however, has not yet been attempted. With 
data science methods vast amounts of data can be analyzed 
and compared. Rather than comparing each and every single 
cell group or marker, dimensional reduction techniques such 
as principal component analyses (PCA) allow for explorative 
grouping of signatures. With this visualization of complex 
patterns in multi-marker models is possible [15].

For bacterial infections or leukemic diseases, the differ-
ential white blood cell count (DIF) is used to diagnose and 
monitor the disease. While the DIF has been shown to react 
to the presence of a malignant tumors, the resolution of it is 
not high enough to accurately measure the antitumor response 
against HCC, especially in non-HBV/non-HCV patients [16].

Therefore, in this study we measured a highly differen-
tial leukocyte count (hDIF) using multicolor flow cytom-
etry (FCM) in non-HBV/non-HCV patients. The immune 
signatures were compared to healthy donors. Additionally, 
we measured TILs with the same technique and panels to 
show the differences in immune response in PB and tumor 
tissue. Furthermore, we demonstrated the functionability of 
the major immune effector cells infiltrating into HCC.

Material and methods

Patient and healthy donor selection

This study was planned to truly investigate the effects of 
hepatocellular carcinoma on the patients’ immune response 
without the immunological effects of apparent cirrhosis 
or hepatitis related disease. Therefore, in this experiment, 
10 patients with primary hepatocellular carcinoma were 
enrolled in this study. None of these patients had hepatitis B 

virus or hepatitis C virus infection. All the patients under-
went surgical treatment from at the Ludwig-Maximilians-
University Munich (LMU) hospital. Ten healthy volunteers 
were used as healthy controls. With the collection of speci-
mens, we obtained the informed consent of the volunteers. 
Institutional review board approval and registration was 
obtained (#EK 54–16, 53–16, DRKS00013567). Epidemio-
logical data and clinical characteristics including gender, age 
and cirrhosis grade were collected in our database.

Identification and staining of immune cells

Supplemental Table 1 shows all cell subsets and their cluster 
of differentiation (CD). The flow cytometric analyses were 
designed in a modular system comprising 4 different panels 
which examine T cells, B cells, monocytes, neutrophils, den-
dritic cells (DC), MDSC, NK and NKT cells and IFN-γ. As 
standard, each panel included unstained tubes which served 
as blank control, FMO control tubes and experimental tubes.

Measurement procedure

For measurement of peripheral blood (PB) samples were 
collected from healthy donors and HCC patients before 
operation. All specimens were tested as soon as possible 
and never after longer than 24 h after harvesting. All experi-
ments were conducted at room temperature. Whole blood 
was measured directly.

Tumor infiltrating leukocytes (TILs) were isolated out 
of fresh HCC tissues after surgery. 10 ml collagenase was 
added. After shaking and addition of 5 ml Trypsin EDTA 
(Lonza, Basel, Switzerland), the mixture was pressed through 
100 µm filter. The collected mixture was centrifuged 500xg 
for 5 min. 10 ml ACK buffer (Fluka Inc., USA) and sequen-
tially PBS Puffer was added and the mixture was pressed 
through 40 µm filter repeatedly. A portion of collected tumor 
infiltrating cells was measured directly after cell counting. 
The other cells were used to detect the secretion of IFN-γ. 
These cells were divided into two groups, stimulated cells 
and non-stimulated cells group. BD leucocyte activation kit 
(BLK) (Becton Dickinson Inc., USA) and Golgi stop (Bec-
ton Dickinson Inc., USA) were added and incubated. FACS 
DIVA™ Software (Becton Dickinson Inc., USA) was used 
to analyze the obtained data and gate the results.

The in‑vitro co‑culture system

Tumor tissue specimens were cut into 2–4 mm pieces and 
treated with tumor dissociation kit (Miltenyi Biotec, Ger-
many) for long-term storage. MACS was applied to separate 
 CD45+ cells (TILs) and CD45-cells (primary HCC cells) 
following the protocol. The co-culture step was the same as 
HepG2-PBMC co-culture mentioned before. A ratio of 1:10 
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(Primary HCC cells:TILs) was finally adopted, and FACS 
analysis was applied at 0 h and 24 h. FVS 510 was added 
for viability test and CD107a for degranulation level meas-
urement. Gating strategy of major immune effector cells 
is the same as described before. As a technical control for 
the co-cultivation of TILs and tumor tissue we employed 
in-vitro co-culture system of HCC cell line HepG2 and 
PBMC. HCC cell line HepG2 cells were seeded into a 
6-well plate 6 h before co-culture with 3 mL of co-culture 
medium (DMEM: F12 with 10% FBS and 1% P/S) per well 
to allow them attaching to the bottom. Freshly isolated 
PBMCs were then added into the well with the ratio of 1:10 
or 1:25 (HepG2:PBMC). They were incubated in the co-
culture incubator (37 °C, 5% CO2) for 24 h. Same amount 
of HepG2 cells and PBMCs were cultured alone with the 
same conditions as two control groups. 24 h later, cells in 
the supernatant were collected as PBMC. Cells attached to 
the bottom including HepG2 cells and part of PBMCs can 
be detached by Trypsin/EDTA and distinguished by FACS. 
FACS analysis was applied at 0 h and 24 h.

Statistical analysis

SPSS software package (Version 21.0, IBM Corp., USA) 
was used for statistical analysis. The Kolmogorov–Smirnov 
method was used to test whether the measurement variables 
were subjected to normal distribution; normally distributed 
variables and non-normal distributed variables were com-
pared with unpaired T-test and Mann–Whitney U test. Paired 
T-test was used to compare results from peripheral blood 
and tumor tissue of the same patient and IFN-γ secretion. 
One-way ANOVA (One-way analysis of variance) was used 
for the viability and degranulation comparison in co-culture 
system. A P-value less than 0.05 was considered statistically 
significant.

For multidimensional analysis RStudio (Version 1.1.463, 
RStudio Inc.,USA) and following packages were used: 
ggplot2, FactoMineR and factoextra [15, 17].

Missing data was calculated using the missing Forest 
algorithm. The PCA Biplot was drawn showing the clus-
tering of individuals and the contribution to this clustering 
from each variable.

Results

Patients and baseline data

For this study peripheral blood samples age and gender 
matched of 10 HD (6 male and 4 female) and 10 HCC 
(7 male and 3 female) patients were examined. HD were 
61.2 ± 10 and HCC patients 65.95 ± 12.9 old. Patients 
included showed no signs of cirrhosis and therefore were 

scheduled for resection. However, 4 out of 10 (40%) suf-
fered from non-alcoholic fatty liver disease (NAFLD). None 
of the patients received prior treatment or had any history 
of malignant disease. No statistical significance in age and 
gender distribution could be detected. As per the protocol 
three extensive panels were measured in the PB and TILs. 
The detailed results of all subsets of cells are listed in sup-
plementary Tables 1 and 2. In the following the relevant cell 
groups and subsets which illustrate the state of the antitumor 
response are described.

Highly Differential Leukocyte Count (hDIF) 
of Healthy Donors and Hepatocellular Carcinoma 
Patients is able to represent Activation 
and Suppression of the Antitumor Response

Cells that activate or suppress the antitumor response can 
themselves be expanded/stimulated and inhibited. First, we 
will describe the antitumor response activating cells and 
their changes due to the presence of the tumor. Figure 1a 
is a summary of the relevant immune activating measured 
cell subsets. Detailed analyses and representative flow-
cytometric images are provided in Fig. 2 and supplementary 
Fig. 1. Most cells from the innate immune system have no 
positive antitumor effect. However, DCs and NK-cells have 
been reported to have relevant antitumor activity [18, 19]. 
As shown in Fig. 1a DCs in HD were 0.317 ± 0.076% and in 
HCC patients 0.124 ± 0.045% (p = 0.009). Also illustrated in 
the figure, NK-cells were less frequently measured in HCC 
patients than in HD (HCC patients: 1.943 ± 0.59% vs. HD: 
3.42 ± 0.52%; p = 0.08).

T cells in general showed lower percentages in PB of 
HCC patients (HCC patients: 19.15 ± 3.97% vs. HD: 
30.93 ± 1.62%; p = 0.0013; Fig. 1a). The ratio between  CD4+ 
and  CD8+ cells was not changed by the presence of the HCC 
(Supplementary Table 2). However, when looking at the sub-
sets of T cells, a shift toward more effector memory T cells 
could be observed (HCC patients: 55.92 ± 4.67% vs. HD: 
34.54 ± 4.26%). This difference was significant at p = 0.003. 
At the same time the corresponding subgroups naïve T and 
central memory T cells showed lower percentages in HCC 
patients (Supplementary Table 2). The differential analysis 
is depicted in Fig. 1b, which illustrates the shift in T cell 
subsets. A special group is NKT cells. These cells were also 
less frequent in HCC patients (HCC patients: 0.06 ± 0.01% 
vs. HD: 0.24 ± 0.27%; p < 0.001; Fig. 1a).

Compared to HD B-cell distribution changed as well in 
the presence of HCC. Nonclass-switched memory B cells 
(HCC patients: 3.59 ± 1.27% vs. HD: 8.44 ± 1.6%; p = 0.005) 
and memory B cells (HCC patients: 11.6 ± 2.69% vs. HD: 
31.57 ± 8.96%; p = 0.047) were less frequent in HCC 
patients. This is also depicted in Fig. 1a.
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Second, the antitumor response suppressing cells also 
showed a stimulation and inhibition by the HCC. The reac-
tion of the mostly immunosuppressive cells is summarized 
in Fig. 1c. The detailed analyses and representative flow-
cytometric images are shown in Fig. 3 and supplementary 
Fig. 2. MDSCs (HCC patients: 2.005 ± 0.64% vs. HD: 
0.564 ± 0.139%; p = 0.041) showed themselves to have 
a higher percentage in HCC patients. In contrast to that 
M-MDSCs and G-MDSCs remained unchanged (Fig. 1c). 
Regarding T cells, the known immunosuppressive cells 
Tregs were significantly accumulated in HCC-Patients 
(HCC patients: 10.2 ± 1.52% vs. HD: 6.49 ± 0.67%; 
p = 0.038) (Fig. 1c). No differences in the Treg subgroups 
were detected (Supplementary Table 2). Even though the 
role of Breg cells (defined as:  CD24hiCD38+CD1d+CD5+) 
in the antitumor defense has not yet been fully uncovered, 
we could measure a significant difference in circulating 
Bregs in HCC patients compared to HD (HCC patients: 

0.32 ± 0.26% vs. HD: 1.65 ± 0.5%; p = 0.014) (Fig. 1c, 
Fig. 3 and supplementary Fig. 2).

As mentioned above, dimensional reduction allows for the 
grouping of immune signatures. For this we drew a Biplot 
of the PCA of all individuals as well as the contribution of 
the significantly different variables. With this it can be seen 
that immune activating cells contribute to the differences in 
immune cells distribution between HCC patients and HD 
(Fig. 1d).

Comparison of circulating immune‑cells 
and the tumor infiltrating leukocytes illustrates 
an antitumor activating gradient

Relevant results from the comparison of circulating 
immune-cells and the tumor infiltrating leukocytes are 
depicted in Fig. 4. Neutrophil granulocytes, one of the 
most abundant cell groups, that have been described 

Fig. 1  a Spider graph of immuno-activating cells; b Spider graph of corresponding Th subgroups; c Spider graph of immuno-suppressing cells; 
d Biplot of the PCA of all individuals
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as inhibiting the antitumor response when infiltrating 
in the tumor, showed less percentages than in the PB 
(PB: 55.92 ± 10.07% vs. TILs: 0.85 ± 0.25%; p = 0.005; 
Fig. 4a). Consequently, in comparison T cells are much 
more frequent in the tumor (PB: 42.61 ± 6.70% vs. TILs: 
58.17 ± 7.32%; p = 0.021; Fig.  4b). There was no sig-
nificant difference in the  CD8+ T cells and their sub-
populations between HCC tissues and peripheral blood. 
Compared with peripheral blood, the ratio of CD4/CD8 
decreased significantly in the tissue (p = 0.024). Regarding 
the subgroups, similar to the PB, showed a shift toward 

effector memory T cells (PB: 57.28 ± 7.24% vs. TILs: 
78.43 ± 4.77%; p = 0.042; Fig. 4c).

Immunoregulatory and immunosuppressive cells were 
also present in the HCC tissue. The percentage of tumor 
infiltration Tregs was not statistically different from that in 
peripheral blood. This is shown in Fig. 4d. However, within 
the Treg subgroup memory Treg cells in tumor tissues were 
significantly lower accumulated than in peripheral blood 
(PB: 62.53 ± 4.79% vs. TILs: 33.25 ± 8.99%; p = 0.018; 
Fig. 4e). There were no statistically significant differences in 
the other three subgroups of Treg (Supplementary Table 3). 

Fig. 2  Comparison of DC, NKT, NK, T cells, subsets of Th, ns-mem-
ory B cells and Memory B cells in HD and HCC patients. (a: DC; 
b: NKT; c: NK; d: T cells; e: emTh cells; f: Ns-memory B cells; g: 

Memory B cells; h: cmTh cells; i: nTh cells; j: eTh cells. *: P < 0.05; 
**: P < 0.01; ***: P < 0.001; ns no significance.)
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The proportion of Th17 showed a decreasing trend in HCC 
tissue compared to PB (p = 0.057) (Fig. 4f). No difference in 
B cell distribution could be detected between the peripheral 
blood and HCC tissue.

These results are shown in detail in Fig. 4a–f and sup-
plementary Fig. 3. As with the comparison of HCC patients 
with HD a Biplot of the PCA of all individuals with the 
corresponding tumor tissue as well as the contribution of 
the significantly different variables was drawn. In this it can 
be seen that PB and TILs form distinctive signature cluster. 
The immune activating cells contribute to the differences in 
clustering between PB and TILs (Fig. 4g).

Tumor infiltrating leukocytes showed functional 
capability by secreting IFN‑γ but were not able 
to kill HCC cells

IFN-γ secretion was measured in  CD45+,  CD3+,  CD4+ and 
 CD8+ using flow cytometry. After stimulation all cell groups 
showed a significant increase in IFN-γ secretion. In  CD45+ 
leukocytes, the percentage of IFN-γ in the stimulation group 
was (13.75 ± 6.88%) and in the non-stimulation group 
(0.49 ± 0.26%) (p = 0.019) (Fig. 5b). The secretion of IFN-γ 
from  CD3+ T cells in stimulation group was 13.76 ± 7.31%, 
and the non-stimulation group 0.26 ± 0.14% (p = 0.021) 
(Fig. 5c). Similarly, the secretion of IFN-γ from  CD4+ T 
cells was significantly higher than that in the non-stimulation 
group (Fig. 5e).  CD8+ cells, defined by the secretion of IFN-
γ, were as well stimulated and showed a significant increase 
(unstimulated: 2.03 ± 2.94% vs. stimulated: 42.93 ± 25.07%; 

p = 0.019) (Fig. 5d). Typical FCM pictures are shown in sup-
plementary Fig. 4.

Simultaneously cytotoxicity was measured using a co-
culture. Although the technical control was positive with a 
reduced viability and significantly increased degranulation. 
In the co-culture system (primary HCC cells and TILs), no 
difference of cytotoxicity was observed between co-cultured 
group and the control groups. The viability of primary HCC 
cells  (CD45−) showed no difference (Supplementary Fig. 5, 
6a). No difference regarding degranulation level of  CD8+ T 
lymphocytes and NK cells was found either (Supplementary 
Fig. 6b, c and 7).

Discussion

The immune response to a malignant tumor has been widely 
investigated. Since the introduction of immunoscoring for 
colorectal carcinomas, clinicians and researches have been 
inspired to develop similar scoring systems for many solid 
tumors [9, 20–22].

While being predictive for a variety of solid malignan-
cies, these scoring systems can only be measured after the 
operation, i.e. after the treatment decision has been made. 
Especially since HCC can be treated with two distinctively 
different surgeries, LR and LT, a predictive immunoscoring 
before the treatment decision has been made, would be ideal. 
[12, 23, 24].

With this we introduce the concept of a hDIF for the 
measurement of circulating immune cells in case of HCC 
and compare the results to healthy donors (HD) and tumor 

Fig. 3  Comparison of MDSC, Treg and Breg-2 in HD and HCC patients. (A: MDSC; B: Treg; C: Breg-2; D: M-MDSC; E: G-MDSC. *: 
P < 0.05; ns no significance.)
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infiltrating leukocytes (TILs). We intentionally concen-
trated on the small group of non-HBV/non-HCV HCC 
with no apparent cirrhosis to better approximate the true 
immune response against HCC and not the underlying dis-
ease. We analyzed 39 subsets of immune cells including 
T cells, B cells, monocytes, neutrophils, dendritic cells, 

MDSC, NK and NKT cells. Even though this large number 
of cell groups was measured, some important and emerg-
ing cell subsets had to be excluded. Besides the already 
included T helper cells (Th1, Th2, Th17, T regs and sub-
sets) novel subsets such as Th9 and Th22 hold the potential 
to influence HCC tumor immunity [25]. By concentrating 

Fig. 4  Comparison of immune cells in freshly harvested HCC blood 
and tissue. (a: Neutrophils; b: T cells; c: em CD4 + T cells; d: Tregs; 
E: mTregs; f: Th17 cells; g: Biplot of the PCA of all individuals as 

well as the contribution of the single variables. *: P < 0.05; **: 
P < 0.01; ns no significance.)
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on the aforementioned subsets, we felt that we had the 
broadest spectrum of cells to cover the tumor immunity of 
HCC. It is the first study that analyzes immune activating 
and suppressing cells alike to put them into perspective 
without influence of hepatitis.

Analyses of the innate immune system are scarce. Infor-
mation on circulating DC cells is not available in the lit-
erature. In this study we found that those were significantly 
more frequent as compared with HD. Information on NK-
cells in published studies is conflicting. Atallah et al. and 
other groups have reported that NK cells are more frequent 
in HCC patients [26, 27]. Confirming our results Cai et al., 
however, showed a decrease of circulating NK-cells [28]. 
The measurement of NK cells even showed an influence 
on survival and a functional impairment [18]. The work 
by Attalah et al. was done in patients suffering from schis-
tosomiasis and hepatitis patients, whereas (similar to this 
work) Cai et al. investigated patients without a history of 
hepatitis. NK cells play a major role in patients’ response 
to viral hepatitis (Hepatitis B and C alike) especially in the 
early phases. NK-cells which are CD56 + bright have been 
reported to have a direct cytotoxic effect on infected hepato-
cytes. In chronic hepatitis NK-cell prevalence and function 
is reduced [29, 30]. Regarding immune suppressing cells the 
most analyzed are MDSCs. This cell group correlated with 
CTP score and disease advancement in the literature [31]. 
Despite the patients not having measurable cirrhosis in our 
work MDSC frequencies in the PB were significantly higher 
in HCC patients, suggesting a recruitment of these immuno-
suppressive cell subsets in case of HCC alone.

Regarding the adaptive immune cells much more results 
from the literature are available. Although plentiful, many 
publications are conflicting. In overall regarding T cell meas-
urement, we found significantly less percentages as com-
pared with HD. This is confirmed by Attallah et al. [26]. In 
hepatitis B positive patients, it has been reported that  CD4+ 
cells were less frequent but not  CD8+ cells. This too was 
measured in patients with a history of hepatitis. This virus-
associated immunosuppression was not present in our cohort 
[32, 33]. When differentiating into the subgroups of  CD4+ 
positive cells, we could detect significant shift toward emTh 
cells. This effect is different when compared to hepatitis 
patients, as could be shown by a very recent study [27]. Our 
study was the first study to measure a significant decrease 
in NKT cell frequency in the PB, whereas two studies in the 
literature suggested no change and one a significant increase. 
These studies, however, analyzed patients with hepatitis B or 
C which when chronic exerts an immunosuppressive envi-
ronment as mentioned above [27, 30, 32, 34].

Circulating B cells in general have not been studied well 
but were put into context using our hDIF. In here we could 
show a decrease in non-class-switched memory B cells and 
memory B cells. These results are confirmed by one study 
that additionally suggested that the amount of memory B 
cells decreases with tumor progression [35]. Due to the 
small sample size, we cannot confirm this interesting find-
ing. B regs are a newly discovered subset of B cells that 
similarly to T regs show an immune regulatory effect. In our 
cohort, we detected a significant reduction in circulating B 
regs (defined as:  CD24hiCD38+CD1d+CD5+). Chen et al. 

Fig. 5  Comparison of IFN-γ in unstimulated group and stimulated group. (a: IFN-γ of CD45- cell populations; b: IFN-γ of CD45 + cell popula-
tions; c: IFN-γ of CD3 + cells; d: IFN-γ of CD8 + cells; e: IFN-γ of CD4 + cells; *: P < 0.05; ns no significance.)
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also reported on a decrease of B regs [36]. In their study, 
however, this distinctive and not very frequent cell group 
was defined as  CD19+ IL-10+. This study also reported on 
a positive correlation with HBV DNA copies as well as 
hepatitis E Antigen [36]. However, in combination with our 
results this suggests that B regs play a role in HCC immunity 
independent from the underlying disease. Further studies are 
needed to understand the function of B regs in this context 
and to identify potential treatment targets.

When analyzing the changes in distribution of PB immune 
cells certain subsets seem to be influenced by the presence 
of HCC. With the broad spectrum of cells that were meas-
ured we now can identify the most relevant immune cells for 
future studies. The relevant immune cells can be measured 
with significantly less fluorochromes thereby saving blood 
to be drawn from patients, increasing efficiency, allowing 
for more flexibility toward new cell subsets and lastly sav-
ing money. We believe future studies when investigating the 
immune activating axis should concentrate on: T cells (both 
 CD4+ and  CD8+), effector memory T cells, central memory 
T cells, naïve T cells, NK-cells, NKT cells, dendritic cells 
and non-class-switched Memory B cells. When investigating 
the immunosuppressive axis in the PB future studies should 
consider: T regulatory cells, MDSC, Th17 cells and finally 
the newly described B regs  (CD24hiCD38+CD1d+CD5+).

Additionally, to the hDIF from PB we compared the 
TILs to the corresponding PB samples to describe the 
delineation of these two reservoirs. This is especially 
important to see whether the hDIF of the PB is suitable 
to illustrate the immune response in the tumor. To our 
knowledge only two recent publications have examined 
the delineation between the PB and TILs in HCC. The 
work by Chew and colleagues only included 19% non-
HBV/non-HCV patients, the researchers found an immu-
nosuppressive gradient and significant exhaustion of the 
tumor infiltrating immune cells [14]. This was also con-
firmed by another study most recently published with only 
hepatitis patients [27]. Our study shows a relevant immune 
activation in the tumor by a significant higher infiltration 
rate of immune activating cells. First of all, the immune 
suppressive  CD66b+ neutrophils are less frequent in the 
tumor [37]. By that alone the relative ratio of T cells was 
significantly higher in the tumor. More so, the shift toward 
effector memory T cells is also present in the tumor such 
as in the PB. The proportion of other cell groups showed 
almost no differences between the PB and TILs. Those 
cells which infiltrated the tumor itself could still be acti-
vated.  CD45+,  CD3+,  CD4+,  CD8+ cells secreted IFN-γ as 
a sign of their responsiveness. These differences with the 
remarkable work of Chew et al. and Chaoul might again 
be related to the lack of an underlying viral disease and 
no measurable cirrhosis. Other work has already indicated 
that HBV-related HCCs induce a more immunosuppressive 

environment than non-HBV/non-HCV HCCs [38]. This 
seems to also hold true for the so-called invasive margin 
(or nontumor microenvironment (NTME)) of the HCC. In 
the previously discussed cohort of mostly hepatitis patient 
both invasive margin and tumor showed relevant (but not 
to the same degree) immune exhaustion [14]. In a previ-
ous study regarding TILs, we introduced the perivascular 
region as a potentially more relevant border to the patients’ 
immune system [9]. In fact, due to the high degree of angi-
ogenesis of HCC, the surface area of the vessels is the 
largest border from tumor to the immune system [39].

The fact that TILs accumulating have similar percent-
ages as circulating immune cells in PB shows that a highly 
differentiated measurement of the PB could represent the 
immune reaction that is present in the tumor itself.

This study shows limitations regarding the number of 
patients recruited for this analysis. In order to measure 
the true effects against HCC we opted to include patients 
without apparent cirrhosis. Therefore, the results were also 
compared to only age and gender matched individuals. Even 
though the overall number of participants is low, we could 
show robust results that are also supported by the literature. 
Furthermore, in Europe HBV and HCV HCC are still fre-
quent and were excluded for this study to report on a homog-
enous group of patients without the immune modulatory 
effect of the chronic infection and subsequent cirrhosis. It 
should be mentioned that 40% of our patients had NAFLD, 
which might influence the results slightly since NAFLD 
promotes STAT3 in tumor cells mediated through effector 
and helper T cells which might promote cancer initiation. 
However, we could show the anti-tumor effect of both cell 
groups. The detail of this interplay needs to be investigated 
by studies concentrating on the etiology and development 
of non-HBV/non-HCV HCC. Lastly, because of the highly 
differentiated measurements in this study it was not always 
possible to isolate enough cells to measure. With the results 
from this study however, we will be able to concentrate on 
the relevant cell groups and add additional cell groups that 
might also be interesting to investigate.

With an automated and global statistical analysis using 
multidimensional reduction and contribution, it was pos-
sible to analyze the entirety of a vast amount of immune 
cells. This kind of analysis has not been attempted in non-
HBV/non-HCV HCC patients before [14, 38].

In conclusion, we can show that the measurement of a 
highly differentiated blood cell count (hDIF) shows dis-
tinct differences in immune reactions against non-HBV/
non-HCVHCC as compared to HD. In this analysis, non-
HBV/non-HCV HCC triggered an immune response with 
an immunosuppressive gradient toward peripheral blood.
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