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Abstract: IL-17A is considered to guide liver inflammation and fibrosis. From twenty-two human
liver samples of different fibrosis stages (F0 to F4), IL-17A, IL-22, and TGFβ1 protein expression
in liver tissue lysates were analyzed. Ten paired samples of liver tissue (F0–F1 stage) and blood
from the same patient were used to analyze intrahepatic and blood T-lymphoid IL-17A+ cells by
flow cytometry. The analyses have been performed regardless of pathology, considering the stage
of fibrosis. Human liver tissue was used for the primary human liver slice cultures, followed by
subsequent cytokine stimulation and fibrotic markers’ analysis by ELISA. IL-17A production in
human liver tissue was significantly higher in the early fibrotic stage compared with the advanced
stage. Th17 T cells and, to a lesser extent, MAIT cells were the main sources of IL-17A in both
compartments, the liver and the blood. Moreover, the presence of liver Th17IL-17A+INFγ+ cells
was detected in the liver. IL-17A stimulation of human liver slice culture increased the expression
of profibrotic and pro-inflammatory markers. IL-17A, secreted by Th17 and MAIT cells in the liver,
triggered fibrosis by inducing the expression of IL-6 and profibrotic markers and could be a target for
antifibrotic treatment. Further amplitude studies are needed to confirm the current results.

Keywords: fibrosis; human liver; type 3 inflammation; IL-17A; human liver slice culture

1. Introduction

The development of chronic inflammation promotes the progression of liver fibrosis.
A special role in this process is now given to interleukine-17A (IL-17A), which ensures, with
its partner IL-22, the establishment of type 3 inflammation in hepatic tissue and provides a
massive influx of other immune cells, which enhance and maintain fibrosis activation [1].
The pathogenic role of IL-17A has been demonstrated in different etiological causes of liver
fibrosis in animal models [2,3]. However, there is some evidence of its protective role in
acute liver conditions [4,5].

Stellate cells (HSCs) are the liver’s leading extracellular matrix (ECM) producers.
During activation, stellate cells trans-differentiate into myofibroblasts [6], cells with high
proliferative and migratory potential. Myofibroblasts migrate to the site of inflammation
and increase the expression of mesenchymal markers such as α-SMA or collagen type
1. Multiple signals, such as cytokines INFγ, IL-6, TNF-α, IL-1β, and IL-17A [7], matrix
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metalloproteinases (MMPs), and growth factors such as TGF-β1, are responsible for the
activation of HSCs secreted by damaged hepatocytes, liver sinusoidal endothelial cells
(LSECs), Kupffer cells, and T cells. At the same time, HSCs stimulated by IL-17A increase
secretion of IL-6, TGF-β1, collagen production, and α-SMA expression—markers of HSCs
activation [8].

The accumulation of ECM is related to both high production and low degradation of
the matrix. Metalloproteinase inhibitors (TIMPs) are overexpressed during fibrogenesis,
particularly TIMP-1, which blocks local degradation of interstitial collagen and also directly
promotes myofibroblast activation [9]. The development of fibrosis is a balance between the
expression of TIMPs and MMPs [10]. MMP-2 is among the metalloproteases constitutively
expressed in the liver by activated stellate cells, whereas MMP-9 reflects the inflammatory
process in the tissue, and is expressed by Kupffer cells and monocytes [11].

Experimental models of hepatic fibrosis do not accurately reproduce the environment
and pathological processes and only partially reproduce the complex and dynamic process
of fibrogenesis and its reversibility [12]. Animal models of fibrosis resolve spontaneously
and rapidly once the causative agent ceases to act and the liver regenerates [13], which
is not always the case for human fibrosis. The ex vivo model of primary human liver
slice culture may be an adequate solution. It is a mini-model that closely resembles the
organ from which it is prepared, with all cell types present in their original tissue-matrix
configuration [14]. It can allow the study of the early processes of fibrosis initiation and
more advanced stages.

We aim to study the protein expression of IL-17A in human liver tissue depending
on the fibrosis stage, and to determine which immune lymphoid cell populations secrete
IL-17A in human liver (F0–F1) and blood samples. We aim to examine whether IL-17A
could trigger the expression of inflammatory and fibrotic markers in our ex vivo model
of human liver slice culture and thus be the trigger that initiates the fibrotic process in
the liver.

2. Results
2.1. Basic Characteristics of the Available Human Liver and Blood Samples

The first group of human liver samples comprised 22 specimens, which were di-
vided into 3 subgroups according to their METAVIR score: non-fibrotic samples, F0–F1,
intermediate fibrosis stage samples, F2, and advanced fibrosis stage samples, F3–F4. The
characteristics are presented in Table 1.

Table 1. Characteristics of the first group of human liver samples.

Fibrosis Stage F0–F1 F2 F3–F4

Number of samples 12 samples 6 samples 4 samples

Pathology
9 Liver metastasis
1 Benign tumor
2 Hepatocarcinoma

2 Cholangiocarcinoma
1 Benign tumor
1 Cancer metastasis of
another organ
2 Hepatocarcinoma

1 Cholangiocarcinoma+
hepatocarcinoma
3 Hepatocarcinoma

Activity (A) A0—4 samples A0—2 samples A1–A2—2 samples
A1–A2—8 samples A1–A2—4 samples 2 undefined samples

Fibrosis grade: METAVIR scores (F). Necrotic inflammation: activity grade (A). A “significant” fibrosis, as defined
by a fibrosis grade (F), is greater than 1 by the METAVIR scoring system. A significant necrotic inflammation, as
defined by an activity grade (A), is greater than 1 by the METAVIR scoring system (15). Fibrosis stage: F0: no
fibrosis, F1: portal fibrosis without septa, F2: portal fibrosis with few septa, F3: numerous septa without cirrhosis,
F4: cirrhosis. Activity grade: A0: no activity, A1: mild activity, A2: moderate activity, A3: severe activity.

The second group of samples contained 10 human liver specimens and 10 circulating
blood specimens corresponding to the same patient. They were obtained as part of the
“FIBROTHER” study. Of these 10 liver specimens, 5 were obtained during surgical treat-
ment of hepatocarcinoma, 4 of liver metastases from colorectal cancer, and 1 following the



Int. J. Mol. Sci. 2022, 23, 9773 3 of 14

surgical treatment of echinococcosis. All samples were non-fibrotic or with portal fibrosis
without septa, F0–F1.

All specimens except one were obtained from the peritumoral region. The F0–F1
specimens, although free of fibrosis, are not healthy because of an underlying disease
process in the liver tissue.

2.2. IL-17A, IL-22, and TGF-β1 Cytokine Expression in Human Liver Tissue

From the first group of human liver samples we measured the protein expression of
IL-17A, IL-22, and TGF-β1 directly in human liver lysates by ELISA (Figure 1). Analysis of
IL-17A and associated cytokine expression by immune cells extracted from human liver and
stimulated in vitro by mitogens for one week, previously, showed a direct correlation of
IL-17A and IL-22 secretion with fibrosis stage [3]. In our experiments, IL-17A expression in
human liver tissue was significantly higher in non-fibrotic samples compared to late-stage
(Figure 1A). The same trend was observed for IL-22. However, as expected, the production
of TGF-β1 in liver tissue was correlated with the severity of liver fibrosis (Figure 1A).

Figure 1. Different IL-17A, IL-22, and TGF-β1 expression in human liver tissue depending on the
stage of liver fibrosis. Twenty-two post-surgery human liver samples with different fibrosis stages
were lysed, and analyzed by ELISA for IL-17A, IL-22, and TGF-β1. (A) IL-17A, IL-22, and TGF-β1
expression in human liver samples at different stages of fibrosis (Kruskal–Wallis test with Dunn’s
multiple comparisons correction; * p < 0.05; ns: not significant). (B) The IL-17A and IL-22 expression
in liver tissue was independent of inflammatory activity (Mann–Whitney test; ns: not significant).
(C) Spearman correlation is significant between IL-17A and IL-22 in human liver lysate samples
(ρ = 0.8; p < 0.01).

There was no significant difference in IL-17A and IL-22 expression depending on
the inflammatory activity (Figure 1B). However, there was a significant direct correlation
between IL-17A and IL-22 (Figure 1C).
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2.3. The Profile of Human Intrahepatic T-Lymphoid Immune Cells Differs from That of Blood Cells

To characterize the different immune cell types, the sources of IL-17A in human
blood and liver, a flow cytometry analysis was performed. Immune cells extracted from
the human liver samples and the whole blood of the FIBROTHER study (n = 10) were
stimulated overnight, following analysis by flow cytometry. The profile of human intra-
hepatic T-lymphoid immune cells differs from that of the blood. The preponderance of
CD45+CD3+CD8+ T lymphocytes over CD45+CD3+CD4+ T lymphocytes was a characteris-
tic feature of intrahepatic immune cells (Figure 2A). Their CD4+/CD8+ ratio was greater
than that of the blood samples and less than that of the liver (Figure 2B). In addition,
the liver sample was enriched by particular populations of CD3+ and CD3− lymphocytes,
including CD56+CD161+ lymphoid cells, such as NKT, MAIT (mucosal-associated invariant
T cells), LT (CD3+) (Figure 2C), and NK (CD3−) (Figure 2C).

Figure 2. Characterization of lymphoid T cell population in whole blood and liver samples from the
FIBROTHER study (n = 10). A flow cytometry analysis was performed to characterize the different
immune cell types, and the sources of IL-17A in human whole blood and liver samples. (A) The main
characteristic of immune cells infiltrating the liver is the preponderance of the CD3CD8+ population
over the CD3CD4+. (B) The representative graph shows the total distribution of these populations
and the CD4/CD8 ratio, i.e., >1 in the blood and <1 in the liver. The graph is representative of a total
n = 10. (C) The liver contains more of the CD45+CD3−CD56+ and CD45+CD3+CD56+CD16+/− cell
populations than blood, corresponding to NK cells, respectively.

2.4. Th17 T Cells Are the Main Source of IL-17A in the Human Liver

We studied the immune lymphoid populations that secrete IL-17A in the blood
(Figure 3A) and the liver (Figure 3B). The percentage of CD45+IL-17A+ lymphoid cells was the
same in both compartments (Figure 3G). Th17 T cells (CD45+CD3+TCRVα7.2−CD161+CD4+)
were the main source of IL-17A in both compartments (Figure 3C,E,H). In the liver, Th17
IL-17A+INFγ+ cells were present in the liver (Figure 3F), while in the blood (Figure 3D),
their frequency was very low/absent. In addition, the Th17 IL-17A+INFγ+ cell population
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was represented only by CD4+IL-17A+INFγ+ lymphocytes in the blood, while in the liver,
Th17 IL-17A+INFγ+ lymphocytes were found in two clusters, CD4+ and CD8+ (Figure 3I).
The Th17 T cells in the CD8+ cluster were called Tc17 cells [15].

Figure 3. Th17 and MAIT cells are the two main sources of IL-17A in the liver. Representative
plots of lymphoid IL-17A expression in patients’ (A) blood and (B) liver immune cells. Lym-
phoid IL-17A expression, especially by Th17 (CD45+CD3+CD4+CD161+TCRValpha7.2−) and MAIT
(CD45+CD3+CD161+TCRValpha7.2+) cells, in (C) blood and (E) liver immune cells. Percentage
of INFγ+ cells among Th17 IL-17A+ cells in the (D) blood and (F) liver immune cells. (G) The
percentage of the lymphoid population secreting IL-17A in blood and liver. (H) The percentage of IL-
17A+ cells secreted by CD45+CD3+CD4+TCRVapha7.2− (Th17, Th1) cells in blood and liver samples.
(I) Percentage of IL-17A+INFγ+ double-positive cells among Th17 cells of both CD4+ and CD8+

groups. Presence of CD8+IL-17A+INFγ+ Tc17 cells only in the liver samples (FIBROTHER study).

2.5. The Human Liver Is Infiltrated by MAITs and Tγδ Cells

When non-canonical T cell populations were analyzed, a relatively high content of
liver MAITs (mucosal-associated invariant T cells) was observed (Figure 4A,B). MAITs
are innate type T lymphocytes, expressing a semi-invariant TCRVα7.2-Jα33, activated by
bacterial metabolites derived from riboflavin synthesis. There are different phenotypes. The
two main ones are defined by CD56+ expression (Figure 4C), a marker of cell activation and
cytotoxicity. The liver was richer in MAITs than the blood (Figure 4B), which is confirmed by
other research groups [16], but CD56+ MAITs were not preponderant in the liver (Figure 4C).
Apart from Th17 and Tc17 T cells, MAIT cells (CD45+CD3+TCRValpha7.2+CD161+) secreted
IL-17A in the liver (Figure 4D). We also noticed the presence of MAITs that were double-
positive for IL-17A and INFγ (Figure 4E,F).
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Figure 4. Human liver infiltration by MAIT and Tγδ cells. (A) Representative flow cytometry plots
of CD45TCRValpha7.2+ cells (MAIT cells) in blood and liver samples, (B) graphical representation,
(C) their phenotype, (E) their secretion of IL-17A and INFγ. (D) Percentage of IL-17A+MAIT cells in
the CD45+IL-17A+ lymphoid population in blood and liver samples. (F) Graphical representation
of the proportion of IL-17A and INFγ double-positive cells among MAIT cells in blood and liver
samples. (G) Representative flow cytometry plots of Tγδ cells (CD45+CD3+TCRγδ+), along with
CD56 surface marker expression (H) in blood and liver. (I) Graphical representation of Tγδ cells (%)
among CD45+ lymphoid cells in blood and liver (Mann–Whitney test, ** p < 0.01).

The Tγδ cells, which are often considered the link between innate and adaptive
immunity [17], were prevalent in the liver compared to the blood (Figure 4G,I). Their
phenotype was defined as CD45+CD3+TCRγδ+CD4−CD8−. The CD56 marker was also
expressed, showing their state of activation (Figure 4H).

2.6. INFγ Is Mainly Produced in the Liver by the Canonical Lymphatic Populations
(CD3+CD4+/CD3+CD8+) as Well as MAITs and Tγδ Cells

Among the CD45+INFγ+ lymphocyte population, the INFγ production was signifi-
cantly more abundant in the liver (35%) compared to the blood (6.5%) samples (Figure 5A,B).
In the liver samples, INFγ production by Tγδ cells (CD45+TCRγδ+) (Figure 5C) and MAITs
(Figure 5D) was around 6% and 15%, respectively, and the main source of INFγ remained
canonical populations, cytotoxic CD8+ T lymphocytes, and Th1 lymphocytes. Among
the ten liver samples, we have observed bimodal INFγ production by Tγδ cells in the
liver (Figure 5C). For one group, INFγ production was around 6%, and for the other, 12%.
However, no correlation with patient pathology of such bimodal secretion was found in
this study. The frequency of Th17IL-17A+INFγ+, Tγδ, and MAITs populations was low in
the blood compared to the liver.
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Figure 5. INFγ production in blood and liver samples by CD45+ lymphoid population. Representative
plots (A) and graph (B) of lymphoid INFγ production in patients’ blood and liver (percentage (%) of
CD45+ lymphoid population). (C) Percentage (%) of Tγδ cells in CD45+INFγ+ lymphoid population
in liver and blood. (D) Percentage (%) of MAIT cells in CD45+INFγ+ lymphoid cells in liver and
blood (Mann–Whitney test, * p < 0.05, ** p < 0.01).

2.7. IL-17A Increases the Expression of Profibrotic Markers in the Ex Vivo Model of Human Liver
Slice Culture

Knowing the advances of IL-17A studies in hepatic fibrosis, we decided to verify
whether IL-17A acts on the expression of fibrotic and pro-inflammatory markers in hu-
man tissue. The human liver slices culture (F0–F1) was stimulated by either PBS, IL-17A
(30 ng/mL), or by TGF-β1 (2.5 ng/mL), or IL-17A+TGF-β1 for 50 h, and the expression
of fibrotic markers was analyzed in tissue lysates by ELISA. Stimulation of human liver
slices by IL-17A increased the expression of collagen (Figure 6A) and IL-6 (Figure 6B), the
two crucial markers of fibrotic processes in the liver. After stimulation by TGF-β1, the
expression of collagen (Figure 6A) and IL-6 was also increased (Figure 6B). The combination
of IL-17A+TGF-β1 did not show any synergistic action on the collagen or IL-6 secretion,
but on the contrary, in the case of IL-6, the addition of TGF-β1 decreased the activating
effect of IL-17A during the first 50 h of the human liver slice culture.

Metalloproteinases exist in the liver in two forms, proactive and active. In liver tissue
lysates, both forms were detected, while in the culture supernatant, only the active form
was detected. Stimulation by IL-17A caused an increase in MMP-9 in the liver tissue
lysates (Figure 6C) but showed no effect in the supernatant. For MMP-2, the situation
was the opposite: the increase of the active form, under IL-17A stimulation, was detected
in the culture supernatant (Figure 6E), but not in the liver tissue lysates (Figure 6D). At
this stage, we could assume that IL-17A increased the activation of MMP-2 but did not
influence de novo synthesis, whereas for MMP-9, IL-17A acted in the opposite direction.
The stimulation of liver slices by IL-17A+TGF-β1 once again showed its inhibitory effect,
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this time on MMP-9 synthesis (Figure 6C), and no effect on MMP-2 synthesis (Figure 6D).
On the other hand, this effect was absent in the case of MMP-2 active forms (Figure 6E).

Figure 6. Changes in fibrotic markers’ expression under IL-17A (30 ng/mL) and TGF-β1 (2.5 ng/mL)
of F0–F1 human liver slice culture for 50 h (ELISA). The results are presented as fold change-
treated/PBS. (A) Fold change for collagen expression in liver tissue lysates. (B) Fold change
for IL-6 expression in liver tissue lysates. (C) Fold change for MMP-9 expression in liver tissue
lysates. (D) Fold change for MMP-2 expression in liver tissue lysates. (E) Fold change for activated
MMP-2 secretion in the supernatant. (F) Fold change for TIMP-1 expression in liver tissue lysates.
(G) Fold change for TIMP-2 expression in liver tissue lysates. The statistical test for ELISA: one-sample
two-tailed t-test for F = log2(fold change), * p < 0.05, ** p < 0.01.

The expression of TIMP-1 was induced by IL-17A. Neither TGF-β1 nor the IL-17A+TGF-
β1 combination showed any effect (Figure 6F). The TIMP-2 responded to IL-17A+TGF-β1
stimulation (Figure 6G).

Overall, IL-17A increased the secretion of profibrotic markers and IL-6 in human liver
slice culture, but the combination of IL-17A+TGF-β1 had some inhibitory effect on the
expression of IL-6, MMP-9, and TIMP-1.

3. Discussion

In our work, we have measured IL-17A concentration in human liver tissue, finding
that it was significantly higher in early-stage fibrosis compared to late-stage. Th17 T
cells (CD45+CD3+TCRVα7.2−CD161+CD4+) were the main source of IL-17A in the human
liver and blood. The human liver contains a Th17 IL-17A+INFγ+ population, while their
frequency was low in the blood. We observed that the liver was richer in MAIT cells than
the blood, as well as in Tγδ cells. Using the human non-fibrotic liver slice culture model, we
showed that IL-17A stimulation increased the expression of profibrotic markers (TGF-β1,
collagen) and IL-6 for the first 50 h of the human liver slice culture.

Despite the literature data showing a correlation between the stage of fibrosis and
the level of IL-17A and IL-22 production by intrahepatic immune cells, after an in vitro
stimulation by mitogens for one week [3], we observed the opposite results. By measuring
the expression of these cytokines directly in human tissue lysates, without stimulation, a
higher level of IL-17A was observed in non-fibrotic liver samples or liver samples with
early fibrosis. IL-22 levels did not change significantly. There are several possible reasons
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for this. In our study, IL-17A and IL-22 expression was quantified in human liver tissue
lysates after blood lavage, which has never been done before. In 2018, Fabre et al. measured
cytokine release by isolated intrahepatic immune cells after several hours or even for one
week of in vitro stimulation [3]. Tissue lysates contain parenchyma, connective tissue, and
hepatic immune cells, which differ from the situation when only cytokine secretion by
purified immune cells is measured in vitro. We cannot exclude the production of IL-17A
in the liver by non-immune cells. However, the TGF-β1 concentration measured in tissue
lysates followed the severity of fibrosis, which is consistent with all data in the scientific
literature [18]. Non-immune liver cells are the most important producers of TGF-β1 [18]. A
strong correlation between IL-17A and IL-22 (Figure 1, ρ = 0.8) may indicate their synergistic
action in liver tissue. However, to date, most research on IL-22 has focused on its protective,
anti-fibrogenic aspect [19,20]. Probably, its action does not depend directly on the stage of
fibrosis but on the state of the causal disease, because IL-22 is also known to promote the
development of hepatocarcinoma [21].

Access to human liver samples is quite complicated. Most liver diseases are not
surgical diseases. Liver specimens outside of transplantation are available from hepato-
carcinoma, cholangiocarcinoma, or liver metastasis surgery. These are peritumoral tissue
specimens with traces of underlying diseases (NASH, viral hepatitis, alcohol). Additionally,
liver samples are available in the case of rare parasitic diseases such as echinococcosis.
Samples may also be obtained as a result of liver transplantation, which is performed
in 50% of cases for cirrhosis, primary liver tumors (17%), cholestatic disease (10% of all
transplants), acute liver failure of various causes (9.1%), and metabolic disease (6%) [22].
A healthy liver is only available in the context of a graft, which was not the case in this
study. The difficulty may be that all these pathologies may themselves cause increased
IL-17A production, regardless of the fibrosis stage. IL-17A plays a role in antiparasitic
immunity [23], and in metastatic colon cancer [24], one of the most common cancers with
liver metastases. NASH is also suspected of being linked to IL-17A [25,26]. Thus, although
IL-17A is associated with and contributes to fibrotic events in the liver, this is not its exclu-
sive and perhaps not its most important functional role. Moreover, fibrosis is in constant
equilibrium: it can be activated and remodeled depending on tissue environmental factors.
The distribution of fibrotic changes in the liver is not homogeneous. Additionally, given
the reversibility of fibrotic processes, there are patients with regressed fibrosis whose liver
tissue condition cannot be equated with the definition of a healthy liver. The F1 group may
contain specimens with some level of chronic inflammation and, consequently, high IL-17A
and IL-22 concentrations in the tissue. All these factors and differences could influence
our results.

The FIBROTHER study allowed us to describe the type of human immune cells that
secrete IL-17A in the blood and the liver. We obtained a global view of IL-17A production in
the two compartments. For the moment, 10 human liver non-fibrotic samples with underly-
ing diseases of various etiologies did not permit us to characterize the immune composition
according to the fibrosis stage. Nevertheless, the liver specimens under study were not
healthy, even if they were not fibrotic, which may have affected the immune phenotype.

The production of IL-17A in the liver and blood is performed mainly by Th17 cells.
Although IL-17A secretion in the blood is ensured only by Th17 cells, and in the liver
Th17/Tc17 and MAIT cells can secrete it, INFγ is capable of inhibiting IL-17A secretion [27].
However, the liver contains Th17 and Tc17 cells that are double-positive for IL-17A and
INFγ, indicating the plasticity of these populations. A similar situation has occurred with
MAIT cells: the liver contained double-positive MAIT INFγ+IL-17A+ cells, while there
were almost none in the blood. There are very few data in the literature on the liver’s
double-production of INFγ and IL-17A by T cells. Based on the analysis of the available
data, we can speculate that these cells have increased cytotoxicity [28], but this requires
further investigation.

We observed that a group of liver samples reached more than 10% of Tγδ lymphocytes
(Figure 4I), while a healthy liver contains about 3% [17,29], with a bimodal production of
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INFγ (Figure 5C). This is most likely related to the underlying liver disease. However, we
could not find any factor that shares this distribution, with n = 10. Thus, a more significant
number of samples will be required.

Most studies on IL-17A and liver fibrosis have been conducted on a mouse model [30,31].
The human case is much more complex due to intra- and inter-individual variability
and the frequent presence of underlying disease. A human liver slice culture model
can be an excellent tool for this purpose. In this ex vivo model, IL-17A appears as a
trustworthy profibrotic trigger, increasing the secretion of the main components of fibrosis—
Pro-Collagen1A1, MMP-2 and -9, TIMP-1 and -2, and pro-inflammatory factor IL-6—for the
first 50 h of the human liver slice culture. In contrast, the effect of the cytokine combination
IL-17A+TGF-β1 tended to inhibit the stimulation induced by IL-17A alone (Figure 6). This
effect has been reported on the primary culture of human fibroblasts, where IL-17A, in the
presence of TGF-β1, inhibited collagen production, establishing a kind of regulation [32].
This result may be related to the culture itself as an adaptive mechanism. In this case, it
will be necessary to increase the duration of the culture. It may also be a self-regulating
mechanism, which requires further study. In this work, the stimulation of the human
liver slices was carried out for 50 h, which may not be enough time for many biological
effects to occur. This duration was chosen for several reasons. We wanted to preserve the
possible effect of intrahepatic immune cells. Nevertheless, their lifespan under these culture
conditions, unsuitable for immune cells without cytokine support, could not be expected to
be longer than 48 h. In addition, the quantity of available tissue did not always allow us to
achieve all the desired stimulations, and at the same time, to lengthen the culture. It was
also preferable not to lose liver slice viability for these first experiments, which remained
100% viable for 50 h in culture [33].

In addition to the above-mentioned limitations of the study, we would like to highlight
the need for further study of human liver tissue with a larger sample. A comparative
analysis of the immunological composition of liver tissue in different pathologies at different
stages of fibrosis is needed, considering the patient’s treatment. Additionally, our study did
not have access to normal healthy liver tissue, which is also unnecessary when comparing
pathology with the norm. Further research is needed.

4. Materials and Methods
4.1. Human Liver Tissue and Blood Specimens

Adult human liver tissue and blood specimens were obtained from selected patients
with different liver pathologies. Written informed consent was obtained from each patient
included in the study. The experimental procedures were carried out in accordance with
French laws and Regulations and ethics committees from Pitié-Salpétrière Hospital, Cochin
Hospital, and Pasteur Institute (France).

The first group of liver tissue samples from 22 patients (6 females/16 males) were
divided into 3 categories according to their METAVIR score and inflammatory activity
grade (Table 1) [34].

The second group of samples consisted of 10 paired liver (F0–F1 stage) and blood
samples from the same patient. Intrahepatic immune cells and blood cells from these
samples were analyzed by flow cytometry (Etude FIBROTHER: Promoter: Pasteur Institute;
N◦ Promotor: 2018-069; No ID RCB: 2019-A00128-49; N◦CPP Est-1: SI 19.02.06.68507;
ClinicalTrials.gov: NCT03979417). Tissue samples (F0–F1) from group 2 were also used for
the culture of human liver slices.

4.2. Human Liver Slice Culture

The liver samples were transported on ice to the laboratory as quickly as possible.
Immediately after surgical resection, all liver pieces were collected and stored on ice in a
sterile solution from the University of Wisconsin (ViaSpan; Barr Laboratories, Inc., Pomona,
NY, USA) until slicing. The time between harvesting and slicing was kept to an absolute
minimum (<2 h). The liver slices were prepared and cultured as previously described [14].
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4.3. Isolation of Intrahepatic and Circulating Immune Cells and Flow Cytometry Analysis

All liver samples were processed on the day they were received. First, the liver
samples were infused with 100 mL of HBSS (Hank’s Balanced Salt Solution) to remove
as many circulatory cells as possible. Subsequently, the samples were incubated with
a 2% collagenase D solution (Roche), cut into small pieces with a surgical scalpel, and
left in the infusion solution for 20 min in an oven at 37 ◦C, with 5% CO2. The samples
were then diluted on a 70-micrometer cell strainer using a syringe plunger placed on a
pre-filled tube with PBS. Then, the cell suspension was centrifuged at 1000 rpm for 2 min
to pellet the hepatocytes. The recovered supernatant was washed and then diluted in 40%
Percoll, deposited on a gradient (80%, 60%) of Percoll (GE Healthcare, lot 10283278), and
centrifuged at 2000 rpm for 20 min without braking. Leukocyte rings (the first between 80%
and 60%, the second between 60% and 40%) were recovered, washed, resuspended in PBS
1×, and leukocytes were counted using the Malassez cell. The cells were then stimulated,
labeled, and analyzed by flow cytometry.

After overnight stimulation of the whole blood, circulating immune cells were isolated
from the blood on a density gradient medium (Ficoll–Paque, GE Healthcare). The blood
was diluted 1:1 with PBS 1× and deposited on the gradient and centrifuged at 2000 rpm
for 20 min without braking. The leukocyte ring was recovered, washed, resuspended in
PBS 1×, and leukocytes were counted using the Malassez cell. The cells were then labeled
and analyzed by flow cytometry.

Liver leukocytes were analyzed by flow cytometry on a BD LSR Fortessa™ Flow
Cytometer (BD Biosciences). The antibodies used for the cytometry are presented in Sup-
plementary Table S1. Intracellular labeling was performed using the BD Cytofix/Cytoperm
kit (BD Biosciences Cat No. 554715) according to the manufacturer’s protocol. The results
were analyzed with the FlowJo software. For intracellular staining of blood immune cells,
n = 9. Negative controls for intracellular cytokine production are presented in Supplemen-
tary Figure S1 and the gating strategy is presented in Figure S2.

4.4. Stimulation of Intrahepatic and Circulating Blood Immune Cell Culture

For the flow cytometry analysis, intrahepatic immune cells and circulating blood were
stimulated overnight with PMA (0.5 µg/mL) (Phorbol 12-myristate 13-acetate, Sigma Aldrich
P81139) and Ionomycin (250 ng/mL) (Sigma Aldrich I3909). Brefeldin A (10 µg/mL) (Sigma
Aldrich B6542) was added one hour after the start of the stimulation. Human liver slice culture
was stimulated for 50 h with the IL-17A (30 ng/mL) (Life Technologies, 4331182) or TGF-β1
(2.5 ng/mL) (RD system, 7754-BH-005) cytokines alone or in combination.

4.5. Cytokines and Fibrosis Markers’ Analysis

The culture supernatants, the lysates of primary liver tissue, and lysates from the
primary human liver slice cultures, stimulated or not, were frozen at −80 ◦C until analysis.
The protein expression levels of the cytokines IL-17A, IL-22, and TGF-β1, as well as the
protein expression of MMP-2, MMP-9, collagen, IL-6, TIMP-1, and TIMP-2, were analyzed
by ELISA (enzyme-linked immunosorbent assay) using the commercial DuoSet ELISA (RD
system) kits (Supplementary Table S2) following the manufacturer’s protocols.

4.6. Statistics

Statistical tests were carried out with GraphPad Prism 6 and 7 (GraphPad Software, La
Jolla, CA). Values are expressed as means ± standard deviation (SD). Differences between
the groups (Figure 1) were determined by the Kruskal–Wallis test with Dunn’s correction.
Correlations were tested using Spearman’s rank correlation. The Mann–Whitney test was
used to compare flow cytometry data. A one-sample two-tailed t-test for F = log2(fold
change) was used to compare the expression of the different proteins analyzed by ELISA
(Figure 6).
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5. Conclusions

Overall, we observed that IL-17A plays its profibrotic and pro-inflammatory role in
the culture of F0-F1 human liver slices, inducing the expression of profibrotic markers. The
cell profiles producing IL-17A in the patient’s liver and blood were different: Th17 cells
in the blood and Th17, Tc17, and MAIT cells in the liver. We have shown the presence of
double-positive Th17 INFγ+IL-17A+ and MAIT INFγ+IL-17A+ cells in the liver. Meanwhile,
at the same time, the concentration of IL-17A in liver tissue was higher either in the early
stage of fibrosis or in the total absence of fibrosis. It can be assumed that IL-17A production,
while contributing to the development of fibrosis, is not a critical element that defines
fibrotic events but is possibly necessary to initiate the profibrotic reaction. Its expression
could be related to the pathologies that induce fibrosis, not to the mechanism of fibrosis
itself. Nevertheless, the level of Il-17A expression might be a precursor marker of liver
fibrosis and could be a target for anti-fibrotic liver treatment.
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