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Abstract

Background & aims: We have reported a significant association between HLA-G expression or
the number of hepatic mast cells and liver fibrosis. Here, we investigated the role of HLA-G and
mast cells in liver fibrosis, focusing, in particular, on interactions between human mast and

stellate cells.

Methods: Human mast cells (HMC cell line, CD34-derived mast cells, or tissue-derived mast
cells) were co-cultured with purified human hepatic stellate cells (HSCs), and collagen I
production by HSCs was evaluated. Mast cells and HSCs were characterized by
immunocytochemistry. Various conditions were tested: different times in direct or indirect
contact, presence or absence of cytokines, #ehading addition or not of HLA-G, and presence or

absence of specific protease inhibitors.

Results: The reciprocal interaction between HSCs and mast cells led to the attraction of mast
cells to HSCs in vivo and in vitro, and to a significant decrease in collagen production, at all
times of co-culture, following the direct or indirect contact of mast cells with HSCs alone or in
the presence of TGF-3, IFN-a or IL-10. We identified the diffusible factors involved in collagen
I degradation as mast cell proteases. Moreover, HLA-G expression increased during the co-
culture of HSCs and mast cells, with HLA-G acting on both mast cells and HSCs, to enhance

collagen I degradation.

Conclusions: Mast cells play a beneficial, anti-fibrotic role in liver fibrosis, via the HLA-G-
mediated decrease of collagen I. These findings are consistent with high levels of cross-

communication between mast cells and hepatic stellate cells and the role of HLA-G.



Introduction

Mast cells were initially identified as effectors of allergy, but they are also innate immune cells
involved in acute and chronic inflammation, and in immune processes, in which they act as
antigen-presenting cells and anti-infectious agents !. Mast cells, a separate group of cells from
basophils, are long-lived and characterized by their large, membrane-bound intracellular
granules containing an acidic proteoglycan matrix consisting mostly of heparan sulfate 2. Like
dendritic cells, mast cells are among the first cells of the immune system to interact with antigens,
toxins, and pathogens, because they are abundant at the interface between the external and
internal environments. The capacity of mast cells to interact promptly with the
microenvironment and respond by releasing numerous biologically active mediators requires a
delicate balance, and the inadequate regulation of mast-cell functions can have deleterious

effects !.

A role for mast cells in liver diseases is emerging 3. The liver mast cells are mostly associated
with the connective tissue, which is located close to the hepatic arteries, veins and bile ducts of
the portal tracts in the human liver. In the normal liver, mast cells accumulate in small numbers
along the portal tract, becoming more abundant in cases of hepatic injury. Indeed, mast cell
numbers increase in patients with cholangiopathies, alcoholic liver injury, fatty liver disease,

allograft rejection or liver cancer °.

Over the last five years, we have investigated the role of HLA-G in liver diseases *. HLA-G is a
member of the HLA class Ib family expressed as membrane-bound and soluble forms, and it has
immunosuppressive properties. Within the liver, microenvironmental factors, such as hypoxia, or

various cytokines, including interferons, IL-10, and TGF-[3, can increase HLA-G production by



various cells, such as tumor cells, cells of the monocyte lineage and mast cells >. Furthermore,
during viral infections, viral proteins modulate HLA-G expression by interfering with the
intracellular trafficking of HLA-G °. HLA-G may induce transient local immune suppression,
counteracting autoimmune or infection-related inflammatory responses and downregulating
immune responses . HLA-G interacts with immune or endothelial cells and mast cells, via the
direct binding of both soluble and membrane-bound HLA-G to inhibitory receptors, such as
ILT2, expressed by T and B lymphocytes, NK cells and mast cells, ILT4 on B lymphocytes and
dendritic cells, CD8 on T lymphocytes and NK cells, and CD160 on endothelial cells ®!!. The
HLA-G protein is not detected in hepatocytes and bile duct cells from normal livers, but it can be
found in tissues and plasma from patients with hepatocellular carcinoma or viral hepatitis, and
after liver transplantation *. The role of HLA-G in liver cancers and in transplantation has been
determined: it is detrimental in cancers, because it inhibits the activities of immune cells, but
beneficial in liver grafts. However, the role of HLA-G in liver fibrosis remains largely unclear.
Fibrosis results from the excessive deposition of collagen by activated hepatic stellate cells
(HSCs). We therefore hypothesized that HSCs and mast cells might interact through the
secretion of cytokines, inelading and of the molecule HLA-G. The TGF-[3 secreted by HSCs is a
potent chemoattractant for mast cells '2, and mast cells can produce cytokines involved in hepatic

fibrosis, such as IL-33 and IL-13, or in HSC proliferation, such as TNF-a 3.

We previously showed that HLA-G expression and the number of mast cells were significantly
associated with the area of the liver displaying fibrosis >. In this study, we investigated the in
vitro interaction of purified human mast cells and HSCs ex vivo. We observed a reciprocal
interaction between human HSCs and mast cells that led to collagen degradation at various time

points, during both brief and prolonged periods of co-culture. We also demonstrated the



involvement of mast cell proteases and provide the first evidence of a role for HLA-G in the

mechanism of collagen decrease.

Materials and Methods

Cell lines

The human mast cell (HMC) line HMC1.1 (generously provided by Dr Butterfield, Mayo Clinic,
Rochester) was established from a patient with mast cell leukemia, as previously described 14.
The B-lymphoblastoid cell line LCL721.221-G5 (kindly provided by D. Geraghty, Fred
Hutchinson Cancer Research Center, Seattle, WA) was obtained by transfection with the intron
4-containing HLA-G cDNA, as previously described 15. KG1 and KGla provided from ATCC

are two acute myelogenous leukemia cell lines, KG1la is more immature than KGI.

Generation of human mast cells from purified CD34-positive cells

The procedure used was adapted from that used by Schmetzer et al. '¢. Briefly, CD34-positive
cells were purified from unused samples of peripheral autologous hematopoietic stem cells, with
magnetic microbeads (CD34 microbead kit, Miltenyi Biotec, Paris, France), according to the
manufacturer’s instructions. The methodology is reported in Supplementary Methods document

1.

Purification of HSCs from liver biopsy specimens

HSCs were i1solated from histologically normal regions of partial hepatectomy specimens from
patients undergoing hepatic resection for liver metastases. Human samples were obtained from
the biological samples processed by the Centre de Ressources Biologiques (CRB) Santé of
Rennes BB-0033-00056. The research protocol conformed to French legal guidelines and

fulfilled the requirements of the local institutional ethics committee.



The methodology is reported in Supplementary Methods document 2.

Co-culture of a human mast cell line or primary human mast cells with HSCs

Primary HSCs in subconfluent monolayers were treated with trypsin and incubated in 24-well
tissue culture plates at a density of 2 x 10* cells/ml in DMEM for 48 hours. The HMC cell line,
CD34-derived mast cells or tissue-derived mast cells were then added, to give an HSC/HMC or
mast cell ratio of 1:2.25 for short-term cultures (3.5 h) and at a ratio of 1:0.5 for other conditions.
The difference of the ratio is explained by the low quantity of HMC at 3H30 (10 000) and the
high quantity of HMC cells at longer time because of their capacity of proliferation.

We also assessed the effects of various cytokines supplied by Peprotech-Tebu Bio (Neuilly,

France) on HSC:HMC co-cultures: IL-10 (50 ng/ml), TGF- (5 ng/ml), and IFN-a (50 ng/ml).

We assessed the effects of a specific tryptase inhibitor APC 366 (Santa Cruz biotechnologies,
Clinisciences, Nanterre, France) or a specific chymotryptase inhibitor, chymostatin (Enzo Life
Sciences, Lyon, France) (in short-term HSC:HMC (1:2.25) cocultures, after the prior incubation

of HMCs for 30 minutes with the inhibitor or the solvent.

Immunohistochemistry

Cells on Cytospin or flexiPERM slides were fixed in 4% formol. Paraffin-embedded sections (4
um thick) were prepared, subjected to antigen retrieval, and incubated with primary antibody in a
Ventana CT 09/021 machine (Ventana Medical systems, USA). Further details about the method

used are reported in Supplementary Methods document 3.

Western blotting

The methodology is reported in Supplementary Methods document 4.



Purification of soluble HLLA-G protein
HLA-G5 was obtained as previously described . The method is reported in Supplementary
Methods document 5. Commercial recombinant purified HLA-G is provided from Origen

(Clinisciences, Nanterre, France).

Statistical analyses

Statistical analyses, including Student’s 7 tests, were performed with GraphPad Prism software.

Results

Mast cells are located within or close to zones of fibrosis and inflammation in liver biopsy
specimens

We previously demonstrated the existence of a significant association between the number of
mast cells expressing HLA-G and the number of areas of liver fibrosis °. We therefore sought to
determine the locations of mast cells, vascular endothelial cells, collagen (Coll) and alpha-
smooth muscle actin (a-SMA), a biomarker of activated HSCs, on biopsy specimens. Using
quadruple immunofluorescence staining on a paraffin-embedded liver section from a patient with
HCYV virus-induced liver fibrosis, we showed that the mast cells were located in the connective
tissue of a hepatocyte lobule (Fig. 1A1), close to sites of inflammation (Fig. 1A3), within or
close to collagen spans (Fig. 1A4 and 1AS), and in the vicinity of a-SMA (Fig. 1A2 and 1A4),
corresponding to regions close to but separate from collagen spans. Mast cells appeared to be
more differentiated in Z3 (A4, AS5) if located close to a-SMA than if present in isolation in

connective tissue in Z1 (A1).

Cell characterization and functionality of the HSC/mast cell co-culture



We reproduced the proximity between mast cells and HSCs observed in vivo, and the potential
communication between these cell types, by establishing an in vitro model of HSC/mast cell co-
culture. Clonal human mast cells from the HMC cell line were first co-cultured with HSCs.
Using immunohistochemistry (Suppl. Fig. 1A1 and 1B1) and western blotting (Suppl. Fig. 1A2),
we checked that the purified HSCs expressed collagen I, a-SMA, fibronectin, and laminin, as
expected, and that they were functional, producing collagen I in response to TGF-3 induction
(Suppl. Fig. 1A3). Finally, we checked that the HMC cell line expressed the typical markers of
mast cells: CD117, tryptase and chymase (Suppl. Fig. 1B1). We also showed that HSCs
continued to proliferate for 168 hours, demonstrating that decreases in collagen I levels were not
due to the death of HSCs (Suppl. Fig 1C). The co-culture of purified human HSC and HMCs led
to the rapid fixation of HMCs, after just 6 hours, and the continuing attachment of HMCs to
HSCs, after 168 hours (Fig. 2A1 and 2A2). The capacity of HMC to adhere to HSC cells seems
to be specific in contrast to other cell lines such as KG1 or KGla as shown in Suppl. Fig. 2 A, B,
C, D. As HSCs were the only cells in the culture capably of producing collagen 1, we
investigated whether collagen production was modulated by co-culture with HMCs, by
densitometry analyses of the collagen I bands on western blots. HMC co-culture with HSCs at a
HSC/HMC ratio of 1:2.25 for 3.5 h (Fig. 2B) resulted in significantly lower type I collagen
levels (p<0.0001, n=11). The extension of co-culture to 168 h (7 days), with a HSC/HMC ratio
of 1:0.5 revealed that the decrease in collagen levels was most pronounced after 24 h of co-
culture, remaining significant at 72 h, and that collagen I levels remained low after 168 hours of
culture, although it had risen slightly during the course of culture. Similar significant decreases
in collagen levels were observed following both direct or indirect contact, with a microporous
membrane used top separate HMCs from HSCs in conditions of indirect contact (p<0.05, n=6)
(Fig. 2C). We investigated whether exogenous cytokines could modulate the decrease in

collagen levels, by incubating HSC/HMC co-cultures with TGF-3, IFN-a or IL-10. We found



that TGF[3 induced collagen production in HSCs cultured alone, as expected, but collagen I
degradation continued when HSC/HMC co-cultures were exposed to this cytokine (Fig. 2D1).

More surprisingly, IFNa (Fig. 2D2) and IL-10 (Fig. 2D3) had similar effects.

Human CD34-positive cell-derived mast cells have similar properties to the cells of the HMC
cell line in co-culture with HSCs

We investigated whether primary mast cells yielded similar results, using human CD34-positive
cell-derived mast cells co-cultured with HSC cells. As expected, human CD34-positive cell-
derived mast cells expressed CD117, tryptase and chymotryptase (Fig. 3A and Suppl. Fig. 1B2).
The co-culture of human CD34-positive cell-derived mast cells with HSCs resulted in
significantly lower levels of collagen I in the short term (3.5 h) and at 24 h. The decrease in
collagen I levels was similar in conditions of direct contact (p< 0.01; n=5) or indirect contact, in
which a microporous membrane separated human CD34-positive cell-derived mast cells from
HSCs (p<0.01; n=4), or medium conditioned by incubation with mast cells with 3.5 h from
HSCs (p<0.01, n=5) (Fig. 3B and 3C). These findings strongly suggest that diffusible factors are

involved in collagen I degradation.

Mast cell proteases degrade collagen I

For identification of the diffusible factors involved in collagen I degradation, we first incubated
cells with inhibitors of the proteases known to be present in the granules of HMCs/mast cells,
such as tryptase and chymotryptase. HMC cells were first incubated for 30 minutes with either
APC (100 uM) or chymostatin (50 ug/ml). The pretreated HMC cells were then incubated with
HSCs for 3.5 h. Comparison with an amount of solvent equivalent to that in which the protease
inhibitors were dissolved showed that the inhibitors caused a significant partial reversion of the

decrease in collagen I levels induced by APC or chymostatin (Fig. 4).



Functional effect of HLA-G on collagen I degradation

As we had previously shown that one third of the mast cells in patients with liver fibrosis express
HLA-G °, we investigated whether the HMCs expressed HLA-G during HMC/HSC co-culture.
HLA-G was found to be expressed after long periods of co-culture (Fig. SA), as in CD34-derived
mast cells or mast cells purified from the bone marrow of patients with mastocytosis (Fig. 5B).
We investigated the effect of recombinant HLA-G on HSC/HMC co-cultures, by incubating the
complete soluble form of HLA-G, at a concentration of 1 pg/ml, with HSC/HMC co-cultures for
72 hours. We found that the addition of exogenous recombinant HLA-G to the HSC/HMC co-
culture resulted in significantly lower collagen I levels, about half those observed in the absence
of HLA-G (p < 0.01; n=6) (Fig. 5C1). We searched for the cellular target of HLA-G, by
assessing its effects on HSCs alone. A significant effect was also observed with HSCs alone
(Student’s ¢ test p< 0.001, n=6) (Fig. 5C2).

We performed a dose-response experiment on HSC cells by adding a commercial purified
recombinant HLA-G at 1ug/ml, 0,5 pg/ml, 0,25 pg/ml during 72 hours (n=3). The production of
coll I decreased proportionally and significantly with the HLA-G concentration of 1, 0,5 and

0,25 pg/ml (Fig. 5D).

Discussion

In a previous study, we demonstrated the existence of an association between the number of mast
cells and liver fibrosis and showed that a third of hepatic mast cells expressed HLA-G in patients
with hepatitis C virus-induced fibrosis °. In this study, we localized the mast cells within fibrotic
liver. Mast cells are present within the portal tracts and sinusoids of normal livers ', but were
found to be located within or near zones rich in collagen or activated hepatic stellate cells in

fibrotic tissues. Mast cells involved in inflammatory responses release pro-inflammatory

10



molecules, such as cytokines and chemokines, in addition to heparin, proteases and histamine
1920 and would be able to communicate with cells in fibrotic tissues. In particular, the
interactions between mast cells and hepatic stellate cells considered to make a major contribution
to the excessive production of extracellular matrix in liver fibrosis 2! could potentially affect the
outcome of liver fibrosis in the pathophysiological processes of liver diseases. We tested this
hypothesis by establishing an in vitro model consisting of human HSCs obtained by primary
culture from livers after surgery co-cultured with the human mast cell line HMCI.1, or with
human mast cells derived from CD34-positive cells. This model is, to our knowledge, the first
such model based on primary liver cells. Similar models have already been reported for human

skin and human and mouse lung cells 2>,

Human mast cells rapidly bound to HSCs in co-culture in vitro, suggesting that these two cell
types have a high affinity for each other. This attraction may be due to the stem cell factor (SCF)
released by HSCs, which regulates the migration and maturation of mast cell precursors
originating from pluripotent hematopoietic stem cells in bone marrow 2. Extracellular matrix
molecules and the c-kit receptor have also been implicated in this attachment 6. Surprisingly, the
interaction between mast cells and HSCs, in both long- and short-term co-culture led to
significant collagen I degradation. We checked that the decrease in collagen 1 levels during
HSC/HMC co-culture was not due to HSC cell death, by counting the numbers of HSCs at
various time points during co-culture (Suppl. Fig. 1C). The number of HSCs was greater at 168 h
than at co-culture initiation. A profibrotic effect of mast cells on fibroblasts due to their secretion
of TGF-3 has been reported in several studies. TGF-f3 is known to activate the synthesis of
collagen I by HSCs, as confirmed by our experiments on HSCs alone and with other cytokines,

including IL-10. We assessed the physiological relevance of the data we obtained with the
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HMCI1.1 cell line, by repeating experiments with mast cells derived from CD34-positive human

progenitor cells. Similar results were obtained.

The differences between our results and those of previous studies suggest that reports of a

profibrotic role for mast cells 2%+’

may reflect differences in technical approach, or particular
features of the liver microenvironment, including its tolerogenic nature. The cytokines and
immune cells responsible for the specific features of the liver may, therefore, prime mast cells
and HSCs, potentially accounting for the difference in the responses observed for the liver and
for other tissues, such as skin or lung tissues. Consistent with our findings, a study in mast cell-
deficient rodents reported that mast cells did not promote liver fibrosis 2, and another study

described the initiation, by tryptase, of a cascade of metalloproteinases responsible for matrix

degradation %°.

We then evaluated the molecular mechanisms underlying collagen I degradation. We assumed
that soluble factors were involved, and we therefore evaluated the effect of inhibitors of the main
proteases of mast cell secretory granules: tryptase and chymase. In liver fibrosis, the mast cells
produce both tryptase and chymase (data not shown). We incubated co-cultures of HSCs and
HMCs separately with APC 366 and chymostatin, which inhibit tryptase and chymase,
respectively, and we observed a partial but significant decrease in collagen I degradation relative

to the control 3°

. This finding implies that mast cell proteases contribute to the anti-fibrotic action
of mast cells. The tryptase inhibitor APC 366 has been shown to reduce hepatic fibrosis scores

and collagen content in rats 3!.

As we previously showed that one third of liver mast cell express HLA-G, and as HLA-G

expression by mast cells is increased by microenvironmental cytokines, such as IFN-a and IL-10,

12



we assessed HLA-G levels during co-culture with HSCs. We found that co-culture with HSCs
strongly increased HLA-G expression by HMCs at late time points, and that HSCs displayed no
HLA-G expression. Moreover, for confirmation of these results in normal primary cells rather
than a tumor cell line, we repeated these experiments but replacing the HMC cell line with mast
cells derived from CD34-positive cells and mast cells purified from the bone marrow of a patient
suffering from mastocytosis. Similar results were obtained. We then assessed the effect of the
soluble HLA-G protein in a HSC/HMC co-culture. We found that this protein significantly
decreased collagen I levels. This finding sheds light on the role of the HLA-G expressed by mast
cells in liver fibrosis. HLA-G or mast cells have a beneficial effect on liver fibrosis, and this
conclusion is supported by the increase in HLA-G secretion by mast cells following stimulation
with class I interferons, particularly interferons 0, [3 and w, which have antiviral properties.

It was previously shown that murine and human NK cells are selectively able to kill via NKP46
or NKG2D, early activated or senescence-activated HSCs cells expressing high levels of NK
cell-activating ligands®? therefore inhibiting liver fibrosis *, in contrast to quiescent or fully
activated HSCs. Moreover NK cells secrete IFNY that has an anti fibrotic effect. The anti fibrotic
action is exerted by a subset of NK cells characterized by the phenotype CD56 bright, CXCR3+
3% The interaction between NK cells and HSC is mediated by TLR9 *. In this context we
suggest the involvement of HLA-G in the process of fibrogenesis. Indeed, HLA-G can be
expressed by mast cells at basal state and its expression increases with the interaction HSC/mast
cell (Fig.5A, B). Activation of HSCs leads to production of MMPs that can degrade collagen.
Indeed, we observed a partial restoration of Coll 1 decrease when batimastat, a pan
metalloprotease inhibitor, is added to HSC cells. In contrast, no effect is observed in co-culture
HSC/HMC, suggesting either the quantity of MMPs produced is too important to be inhibited or
proteases such as serine proteases (trypsin like, elastase like, chymotrypsine like...) that are

insensitive to inhibition by batimastat, are produced (Suppl Fig. 2 E and F). Moreover, the
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MMP?2 that is largely produced by HSC (data not shown) generates soluble HLA-G by cell
surface proteolytic shedding *°. The regulation via HLA-G is very complex because it is well
known that HLA-G inhibits the cytotoxicity of NK cells 3’ and their secretion of IFN gamma
therefore increasing fibrosis. In addition of this indirect action on fibrosis via NK cells, we show
that HLA-G acts directly on HSC cells by decreasing their production of collagen I, therefore
decreasing fibrosis. These direct and indirect properties respectively anti fibrotic and pro fibrotic
of HLA-G show the complexity of the regulation of fibrogenesis resulting from the interaction
HSC-Mast cells.

Mast cells expressing the HLA-G receptor, ILT2, are the most likely target of HLA-G. We
therefore also assessed the effect of HLA-G on HSCs alone. We found that this molecule
significantly decreased collagen I production by these cells, although the observed decrease was
larger when the two types of cells (HMCs and HSCs) were cultured together. Thus, HMCs and
HSCs act in synergy to exert their anti-fibrotic effects. HLA-G1 has been reported to decrease
collagen I via decrease of TGF-f3 production significantly in LX2 cells, an immortal line of
human HSCs *°. In addition to its known immunosuppressive properties, a dimer form of HLA-G
has been shown to have long-term effects *° in mice with collagen-induced arthritis mice, and

such effects could be accounted for by the anti-inflammatory effects described in humans !.

We provide here the first demonstration of the anti-fibrotic effect of HLA-G and mast cells in the
human liver. We propose the following model to explain the role of mast cells in the
pathogenesis of liver fibrosis. After persistent hepatic injury, regardless of the cause of the injury,
the process of regeneration is associated with an inflammatory response attracting mast cells and
other cell types. Mast cells activated by danger signals, such as the SCF secreted by HSCs, in
turn produce various mediators of inflammation, which activate other leukocytes and HSCs. The

mast cells are attracted by HSCs, to which they adhere. This interaction increases HLA-G
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expression and secretion by mast cells. HLA-G acts in an autocrine/paracrine manner, by
interacting with its receptor, ILT2, expressed on HSC or mast cells, and direetly also with HSC
cells, thereby decreasing collagen production by HSCs. The specific proteases present in mast
cells, tryptase and chymase, may also partly account for this decrease in collagen I levels, but

they play a more limited role than HLA-G.

Conclusions

Both HLA-G and mast cells exert immunomodulatory functions **. The immunosuppressive
functions of mast cells, including their antifibrotic effects in particular, may be mediated by
HLA-G in the environmental conditions prevailing in cases of established fibrosis 4 at least

partly through its paracrine and autocrine interactions with its receptor, ILT2, on mast cells.
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Figure legends

Figure 1. Mast cells (MCs) are located in or close to zones of liver fibrosis. (Al)
Immunohistochemistry with quadruple immunofluorescence staining was performed on paraffin-
embedded liver sections from patients suffering from HCV-induced liver fibrosis (n=3). The
nuclei are stained blue with Hoechst 33348, the collagen I spans are shown in green and a-SMA-
positive areas are red, mast cells labeled with CD117 are pink. In a first time, the three pictures
respectively obtained after nuclear labelling, collagen I and o -sma staining are merged. Then the
tissue slide was treated by antigen retrieval method to eluate the staining. Then a step with three
new labeling with Hoechst, o -sma and CD117 was performed, a second merge of these three
staining was realized and for calibrating the two merges, the same labelling with Hoechst and
and anti- 0 sma was performed. Z1 corresponds to hepatocyte lobules, Z2 to inflammatory

infiltrates, and Z3 to activated hepatic stellate cell-rich zones. Mast cells, shown in the insets, are
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located in connective tissue in Z1 (A1), in Z2 within or close to an inflammatory infiltrate (A2,

A3), in the a-SMA-positive zone (A2, AS) or in collagen spans (A4) in Z3.

Figure 2. Human mast cells co-cultured with human primary hepatic stellate cells. (A1) In
co-culture, clusters of HMCs rapidly adhere to HSCs, as seen here at 6 h. (A2) The binding of
HMCs to HSCs is also observed at 168 h. Mast cells, cell nuclei, collagen I and a-SMA are
shown in pink, blue, green and red, respectively. (B) The collagen I (coll I) produced by HSCs,
expressed as a percentage of that produced by HSCs alone (20 000 cells), was determined by the
western blotting of co-cultures with HMCs at various time points: 3.5 h, 24 h, 72 h, 120 h and
168 h. At 3.5 h, the HSC/HMC ratio is 1:2.25, whereas, at the other time points it was 1:0.5. (C)
The collagen I (coll I) produced by HSCs, expressed as a percentage of that for HSCs alone after
densitometry of the band intensity, was evaluated by western blotting at 3.5 h during co-culture
with HMC in conditions of direct contact (n=11) or with a Boyden chamber separating HMCs
and HSCs (n=6). Results of Western Blot analysis of the different conditions with coll I (1/500)
and actin under reducing conditions are shown. (D) The collagen I (coll I) produced by HSCs
expressed as a percentage of that produced by HSCs alone after densitometry of the band
intensity, was evaluated by western blotting during co-culture with HMCs, at various time points,
in the presence or absence of 5 ng/ml TGF-3 (D1), 50 ng/ml IFN-a (D2) and 50 ng/ml IL-10
(D3) (n=3). Results of Western Blot analysis of the different conditions with coll I (1/500) and
actin under reducing conditions are shown under the quantification by densitometry. The data
shown are the means + SD and the p-values for Student’s 7 tests indicating the significance of

differences between groups (*P<0.05; **P<0.01, ***P<0.001; ****P<0.0001).

Figure 3. Human CD34-positive cell-derived mast cells (MCs) have properties identical to

those of HMC cells in co-culture with HSCs. (A) CDI117/tryptase double-staining on a
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flexiPERM slide of CD34-positive cell-derived mast cells (MC) with HSCs. Nuclei stained with
Hoechst stain are shown in blue, and labeling for CD117 and tryptase is shown in green and red,
respectively. (B) The collagen I (coll I) produced by HSCs expressed as a percentage of that for
HSCs alone was evaluated by western blotting at 3.5 h in co-cultures with CD34-positive cell-
derived MCs in direct contact (n=5) or during culture with mast cell-conditioned medium (n=5).
Results of Western Blot analysis of the different conditions with coll I (1/500) and actin (1/5000)
under reducing conditions are shown under the quantification by densitometry (C) The collagen I
(coll I) produced by HSCs, expressed as a percentage of that for HSCs alone, was evaluated by
western blotting after 24 h of co-culture with HMCs in direct contact conditions (n=5) or with a
Boyden chamber separating the CD34-positive cell-derived mast cells from the HSCs (n=4).
Results of Western Blot analysis of the different conditions with coll I (1/500) and actin under
reducing conditions are shown under the quantification by densitometry. The data shown are the
means = SD, and p-values for Student’s ¢ test indicate the significance of differences between

groups (**P<0.01).

Figure 4. Effect of specific inhibitors of mast cell proteases (APC and chymostatin) on the
amount of collagen I produced in HSC/HMC co-cultures. The collagen I (coll I) produced by
HSCs expressed as a percentage of that produced by HSCs alone was evaluated by western
blotting at 3.5 h during co-culture with HMCs in the presence or absence of 100 uM APC (n=6)
and 50 pg/ml chymostatin (n=5), specific inhibitors of respectively tryptase and chymotryptase,
respectively. Results of Western Blot analysis of the different conditions with coll I (1/500) and
actin under reducing conditions are shown under the quantification by densitometry. The data
shown are the means + SD, and the p-values for Student’s ¢ test indicate the significance of

differences between groups (*P<0.05; **P<0.01).
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Figure 5. Expression and role of HLA-G during the co-culture of HMCs/MCs with HSCs.
(A) HLA-G labeling during HMC/HSC co-culture (ratio: 1:0.5) at various time points: O h, 72 h,
96 h, 192 h as assessed by immunofluorescence. Nuclei stained with Hoechst stain are shown in
blue, and HLA-G stained with the 4H84 antibody is shown in red. (B) Expression of HLA-G by
CD34-positive cell-derived mast cells or tisswe-bone marrow derived mast cells purified from
patients suffering from medullary mastocytosis co-cultured with HSC cells (ratio: 1:1), as shown
by triple immunofluorescence staining on flexiPERM slides. Some CD34-positive or tissue-
derived MCs express CD117 and HLA-G (yellow). (C1) The collagen I (coll I) produced by
HSCs, expressed as a percentage of that produced by HSCs alone, was evaluated by western
blotting at 72 h in HMC/HSC co-cultures (1:1) in the presence or absence of 1 ug/ml purified
protein HLA-G (n=6). Results of Western Blot analysis of the different conditions with coll I
(1/500) and actin under reducing conditions are shown under the quantification by densitometry.
(C2) The collagen I (coll I) produced by HSCs, expressed as a percentage of that produced by
HSCs alone, was evaluated by western blotting after 72 h of culture of HSCs alone, in the
presence or absence of 1 pg/ml purified HLA-G protein (n=6). The densitometry represented the
ratio Colll/actin found after densitometry of the bands obtained after Western blotting with actin
or coll 1. Results of Western Blot analysis of the different conditions with coll I (1/500) and
actin under reducing conditions are shown under the quantification by densitometry. The data
shown are the means + SD, and the p-values for Student’s ¢ test indicate the significance of
differences between groups (**P<0.01). (D) HLA-G inhibits significantly Collagen I production
in a dose dependent manner. A dose response was performed using purified recombinant protein
HLA-G provided from Origen at 1; 0,5; 0, 25 pg/ml. The collagen I (coll 1) produced by HSCs,
expressed as a percentage of that produced by HSCs alone, was evaluated by western blotting at
72 h in HSC cultures in the presence or absence of 1; 0,5 and 0,25 pug/ml purified protein HLA-G

(n=3). The quantity of Coll I was evaluated by the ratio colll/actin, calculated from values
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obtained by densitometry of the bands of actin and coll 1. Results of Western Blot analysis of the
different conditions with coll I (1/500) and actin under reducing conditions are shown under the
quantification by densitometry. The data shown are the means + SD, and the p-values for

Student’s 7 test indicate the significance of differences between groups (*P<0.05, **P<0.01).
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Supplementary Figure 1
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