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ABSTRACT

Previously we had reported that astrocytes physiologically express high levels of CD73 in their membrane,
converting extracellular AMP to immune suppressive adenosine, mediates an anti-inflammatory effect.
Following an interaction with effector T cells (CD4*CD25"), astrocytes lost most of their membrane
expressed CD73, which rendered astrocytes’ immune suppressive function and accelerated neural
inflammation such as EAE. Here, we investigated the mechanism leading to the loss of membrane CD73 in
astrocytes. Our results revealed that there was no significant difference in Cd73 mRNA expressions between
CD73"9h and CD73'°" astrocytes. Membrane shedding of CD73 by matrix metalloproteinase-9 (MMP-9)
accounted for its membrane loss in astrocytes; meanwhile, C terminal truncated CD73 could be found in the
medium of induced CD73'°% astrocytes. With an MMP-9 inhibitor in existence, the shedding of CD73 in
wt-astrocytes, when interacted with CD73” effector CD, cells, was almost completely blocked, and the
production of pro-inflammatory cytokines, such as 1L-17 and IFNy, from interacted CD73- effectors, were
significantly decreased. However, when a CD73 inhibitor was added together with MMP-9 inhibitor,
decreased production of pro-inflammatory cytokines were completely restored. As conclusion, our findings
suggested that under active inflammatory condition, MMP-9 releases CD73 from astrocytes. The block of
CD73 shedding in astrocytes by the addition of MMP-9 inhibitor could significantly decrease the activation
of interacted effector T cells.

© 2020 Guoping Liu. Hosting by Science Repository.

Introduction

Multiple sclerosis (MS) is the prototypical inflammatory demyelinating
disease of the central nervous system (CNS). Experimental autoimmune
encephalomyelitis (EAE) is the most commonly used experimental

Ecto-5’-nucleotidase (CD73) is a critical enzyme involved in the
modulation of purinergic signaling and participates in immune
regulation by controlling extracellular adenosine production [1-4].
Physiologically, CD73 located on the surface of some immune
regulatory cells with high amount, including regulatory T (Treg) cells,
dendritic cells and T cell receptor (TCR)yd T cells; which help to create
an environment with relatively high adenosine concentration for
maintaining immune homeostasis [5-7]. Under pathological conditions,
such as stress and inflammation, CD73-positive cells may lose most of
their surface located CD73 or even change to CD73-negative cells. This
procedure hindered the immune-suppressive effect of adenosine by
decreasing its local production and was considered as a pro-
inflammatory transformation.

model for the human inflammatory demyelinating disease, multiple
sclerosis [8]. Previously we had reported that CD73 is highly expressed
on the surface of normal astrocytes. However, when local inflammation
was existing, astrocytes lost most of their surface CD73, leading to
significantly inhibited local adenosine production, hence hindering its
immune suppressive effect and promoted EAE [9]. As a continuous
work, we extended our investigation to the mechanism inducing the loss
of membrane CD73 in astrocytes, and we believe the clarification of this
mechanism could help us understand more of local immune disorders as
well as find a potential therapeutic target. This may also benefit the study
of other fields, since CD73 is not only a critical regulator in autoimmune
diseases but also has a great impact in oncology [10-17].
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Materials and Methods
| Materials

Female C57BL/6 (B6) and ARAL”™ and CD73" mice on a B6
background (all 12 to 14 weeks old) were purchased from the National
Resource Center for Mutant Mice of China (NRCMM) (Nanjing,
Jiangsu, China). The mice were housed and maintained in the animal
facilities of Tianjin Medical University. Institutional approval was
obtained, and institutional guidelines regarding animal experimentation
were followed. Phycoerythrin (PE)-labeled anti-mouse GLAST and
fluorescein isothiocyanate (FITC)-labeled anti-mouse CD73 were
purchased from eBioscience (ThermoFisher Scientific, Beijing, China).
Biotrak MMP-9 Activity Assay system, the product of GE Healthcare
(Code: RPN2634), selective MMP-9 inhibitor, MMP-9 Inhibitor 11
(Sigma-Aldrich, 444293) and selective MMP-2 inhibitor, MMP-2
Inhibitor 11I-CAS 704888-90-4 (Sigma-Aldrich, 444288) were
purchased from Sigma (Sigma-Aldrich, USA).

Il The Induction of EAE

EAE was induced in either wild type C57BL/6 (B6) mice or CD73" mice
with B6 genetic background. All the mice were 12 weeks old female.
EAE was induced by active induction following a published method
[18]. Briefly, the mice were injected (IP) with 150 ng pertussis toxin.
Two hours before they were immunized, the mice were given
subcutaneous injections of 200 ul of 150 pg myelin oligodendrocyte
glycoprotein (MOGgss5) emulsified in complete Freund’s adjuvant
(CFA) (Sigma, St. Louis, MO) in 6 locations on the flank and one
location at the tail base. The mice were monitored every other day for
the development of clinical symptoms. Typical EAE symptoms usually
appeared 12-14 days after immunization.

111 The Interaction of Isolated Astrocytes and CD4 T Cells

A single-cell suspension was prepared from the brains of naive wild type
or CD73" mice. Astrocytes were gathered by autoMACS (Miltenyi
Biotec, Germany) isolation. Briefly, cells were first incubated with
biotin-conjugated anti-mouse GLAST (ACSA-1) antibody, and were
then incubated with magnetic microbeads conjugated anti-biotin
antibody. GLAST+ cells were sorted by positive selection on an
autoMACS separator column to obtain astrocytes. Isolated astrocytes
were cultured in DMEM/F12 medium supplemented with 10% FBS at
37°C in a humidified 5% CO2 incubator. When cells reached 80%
confluence, usually 12-14 days after culture, astrocytes were primed by
the treatment of LPS (50 ng/ml) plus IFN-y (10 ng/ml) for 1 day.

Meanwhile, by two-steps autoMACS isolation CD73" CD4*CD25
effector T cells were isolated from spleens of EAE induced CD73" mice.
A negative selection kit for CD4 cells (Miltenyi Biotec, Germany) was
used firstly, followed by a CD25* cell depletion procedure. Splenocytes
were incubated for 20 min at 4°C in a cocktail of biotin-conjugated
antibodies to label all non-CD4 cells and were then incubated with
streptavidin-conjugated magnetic microbeads (Miltenyi Biotec,
Germany) for 15 min at 4°C. Magnetic microbeads labeled and
unlabeled cells were separated on an autoMACS separator column, and
the unlabeled cells were harvested and considered as CD4* cells. CD4*
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cells were further incubated with a FITC-conjugated anti-mouse CD25
antibody and anti-FITC antibody-conjugated magnetic microbeads, then
CD25" cells were removed by running a depletion protocol on an
autoMACS separator. For creating the interaction, LPS/IFN-y primed
astrocytes were thoroughly washed with DMEM/F12 medium,
incubated with 10 pg/ml of MOGss.s5 Or non-target antigen (NT-Ag) for
30 min and thoroughly washed. Approximately 5x10° purified CD4 cells
were added to each well of astrocytes in a 24-well cell culture plate. Two
days later, cell culture suspensions were discarded, bottom attached cells
were washed, treated with EDTA and harvested. CD73 in GLAST cells
were analysed by flow cytometry.

1V The Detection of Cd73 mRNA Expression in Astrocytes

After the two days interaction of wt-astrocytes and CD73™ effectors, cell
culture suspensions were discarded; bottom attached cells were
thoroughly washed with PBS and soaked in 500 pl TRIZOL reagent for
30 mins. Total RNA was extracted from these TRIZOL treated cells, and
wild type Cd73 mRNA was quantitated by RT-qPCR with specially
designed primers selectively amplifying wild type Cd73 cDNA from wt-
astrocytes but not from CD73” CD4 cells. Ct value of each sample was
calibrated to the average cell number of astrocytes of each group, while
the average cell number was determined by flow cytometry analysis in
parallel wells. Their ratio to no antigen control group was represented as
relative Cd73 transcript expression in each astrocytes group.

V Immunoprecipitation of CD73

For immunoprecipitation of CD73 from the culture medium of interacted
astrocytes and CD4 effectors, the collected medium was incubated with
anti-CD73 antibodies at 4 °C for 6 hrs under gentle agitation; then
protein A/G agarose beads were added and incubated at 4 °C for another
4 hrs under agitation. The mixture was centrifuged and washed with
PBS. The pellet was suspended in SDS-PAGE loading buffer, subjected
to SDS-PAGE and western blot assay. Following SDS-PAGE, some
samples were transferred to PVDF membrane and visualized by
coomassie blue R-250 staining. The band corresponding to the location
of CD73 was sent to C terminal amino acid sequencing.

VI The Detection of Active Form of MMP-9

Extracellular MMP-9 activity was evaluated by a Biotrak Activity
system (GE Healthcare, RPN2634) following the manufacturer’s
protocol. Medium samples, collected from interacted astrocytes and
CD4 cells, were diluted with assay buffer and tested in triplicate. Briefly,
100 pl of diluted sample was added to anti-MMP-9 antibody-coated 96
well microplate and kept at 4°C overnight. It was washed thoroughly and
100 pl of enzyme solution added, containing the pro form of an inactive
detection enzyme which can only be activated by bottom captured active
MMP-9. After an incubation at 37°C for 2 hrs, the activity of the
detection enzyme was measured using a specific chromogenic peptide
substrate; the resultant colour is read at 405 nm. The amount of active
MMP-9 in each sample was determined by interpolation from a standard
curve.
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Results

| The Interaction with Effector CD4 Cells Decreased Membrane
CD73 But Not Cd73 mRNA Expression in Astrocytes

After the interaction with EAE-effectors membrane, CD73 in astrocytes
was evaluated by flow cytometry, while Cd73 mRNA expression was
determined by gPCR. Figure 1A showed that only with the addition of
MOGsgs.s5 but not NT-Ag, the interacted astrocytes lost most of their
surface located CD73. However, as far as Cd73 mRNA expression was
concerned, there was no significant difference among different groups
of astrocytes.
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Figure 1: Membrane CD73 and CD73 mRNA expression in differently
treated astrocytes. Astrocytes were isolated from naive B6 mice of wild
type and CD73™, in vitro cultured and primed with LPS (50 ng/ml) plus
IFN-y (10 ng/ml) for 1 day. Primed astrocytes were pulsed with or
without certain antigens, 10 pg/ml of MOGss.ss, non-target antigen (NT-
Ag) or vehicle, then subjected to the interaction with CD73" effector
CD#4 cells isolated from EAE induced CD73" mice. Two days later,
membrane CD73 in astrocytes was determined by western blot (A),
while Cd73 mRNA was detected by qPCR (B). A) A representative
western blotting result. B) Cd73 mRNA expression in different
astrocytes (n=6).

11 C-terminal Truncated CD73 was Released into Medium

If significantly decreased surface CD73 in astrocytes was due to CD73
being catalyzed and released from astrocytes’ membrane, CD73 was
expected to be immunoprecipitated from the culture medium in which
MOGsss5 specifically interacted astrocytes and CD737 CD4 effectors
were cultured. Figure 2A confirmed that CD73 could be
immunoprecipitated as expectation, only from the medium of MOG35.
55 specifically interacted astrocytes and CD73" CD4 effectors. When
compared with CD73 in cell membrane extract medium,
immunoprecipitated CD73 (MI-CD73) showed a smaller molecular size
than membrane extracted CD73 (ME-CD73), shown in (Figure 2B).
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Further C-terminal amino acid sequencing revealed that MI-CD73 is C-
terminal truncated.

A
CD73" Astrocytes wt-Astrocytes
Interaction with ~ MOGas. No-Ag NT-Ag MOG3;s.
CD73*CD4
B
Mixtures IP product Membrane
Extract
WB: CD73
C

Sequence of Medium IP-CD73 : KIRGEVA......

QYLILIMAWFSLIVLPFSGQYHSAASﬂIRGEVA...
Published sequence of CD73:

Figure 2: C-terminal truncated CD73 was released into medium. CD73
was immunoprecipitated from the medium of interacted astrocytes and
CD4 effectors, analysed by western blot and C-terminal amino acid
sequencing. A) Western blot result of immunoprecipitations from the
medium of interacted astrocytes and CD4 effectors. B) Comparison of
CD73 in membrane extract and medium immunoprecipitation. C) C-
terminal amino acid sequencing result of immunoprecipitated CD73.

111 MMP-9 Catalyzed CD73 from Interacted Astrocytes

To verify whether it is a certain type of matrix metalloproteinase (MMP)
catalyzes CD73 from astrocytes selective MMP-2 and MMP-9 inhibitors
were tested to block CD73 being released from interacted astrocytes. As
shown in (Figure 3A) and (Figure 3B) MMP-9 inhibitor was capable of
completely blocking CD73 being released from interacted astrocytes,
while (Figure 3C) demonstrated that an increased amount of the active
form of MMP-9 could be detected in the medium of MOGgsss
specifically interacted astrocytes and CD4 effectors.

IV Astrocytes’ CD73 Hindered Pro-Inflammatory Cytokines
Production from Interacted CD4 Effectors

As shown in (Figure 4A), when MMP-9 inhibitor was added to interacted
wt-astrocytes and CD737 effectors, both IL-17 and IFN-y productions
were significantly decreased, and which could be completely reversed
when a CD73 inhibitor was added at the same time. However, for
interacted CD737- astrocytes and CD73" effectors, the addition of
MMP-9 inhibitor did not show any significant effect, shown in (Figure
4B).

Discussion
ATP and its metabolites have strong immune and inflammation

regulatory effects. ATP is generally regarded as a pro-inflammatory
factor, while adenosine is verified of having a strong anti-inflammatory
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function. In CNS inflammation, ATP was reported to promote immune
response, while adenosine showed significant inhibitory effect [19-24].

By controlling the conversion of AMP to adenosine, CD73 intensively
participate in the regulation of immune response, including autoimmune
diseases and tumor genesis [25-28]. We had previously reported that
under physiological condition, astrocytes are the main cell type in CNS
expressing large amounts of CD73 on their surface. When inflammation,
such as EAE happened, astrocytes lost most of their membrane-localized
CD73. This inhibited the conversion of AMP to adenosine,
downregulated adenosine’s immune suppressive function, and promoted
local inflammation [8]. In this paper, we try to find out the mechanism
leading to downregulated surface CD73 in inflammatory astrocytes.

As shown in (Figure 1), we performed the interaction of astrocytes with
CD73"- CD4 effectors to mimic the condition in CNS when invaded CD4
cells encountered local astrocytes. Firstly astrocytes were primed by the
treatment of LPS and IFN-y to equip them with phagocytosis and antigen
presentation function [29]. To avoid the influence of CD4 cells carried
CD73, CD73" CD4 effectors purified from EAE induced CD73" mice
were used to interact with primed astrocytes with or without the presence
of the specific antigen MOGssss. As expected, significantly decreased
surface CD73 was specifically detected in astrocytes with MOGgs.s5s was
added to the interaction. Only under this condition, the intensive
interaction of astrocytes with antigen-specific CD4 effectors is supposed
to happen. However, as far as Cd73 mRNA expression was concerned,
no significant difference could be detected between different groups of
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astrocytes. Thus decreased membrane CD73 must be controlled by some
mechanisms other than expression regulation. Our first consideration is
enzyme controlled CD73 shedding accounting for astrocytes’ CD73 loss.
Since CD73 is a GPI anchored membrane protein and PI-PLC may
catalyze GPI to release its anchored molecules [30, 31].

To support the idea of CD73 shedding from interacted astrocytes, soluble
CD73 molecules is expected to be detected in the medium. The results
in (Figure 2) demonstrated the existence of soluble CD73 in the medium,
which could be immunoprecipitated and detected by western blot.
Interestingly, when compared with membrane extracted CD73, medium
immunoprecipitated CD73 (MI-CD73) was revealed to have smaller
molecular size, shown in (Figure 2B). C-terminal amino acid sequencing
was performed, and MI-CD73 was demonstrated as being C-terminal
truncated. The remained first C-terminal amino acid residue is Lys (K),
and ‘K547/F548° is a potential matrix metalloproteinase (MMP)
catalyzing site within CD73 molecule.

By means of the addition of selective MMP-2 or MMP-9 inhibitors to
MOGsgs.s5 specifically interacted astrocytes and CD4 effectors, it was
verified that MMP-9, not MMP-2, is the enzyme accounting for
catalyzing CD73 and releasing it from astrocytes’ surface. As shown in
(Figures 3A & 3B), when MMP-9 inhibitor was added, the shedding of
CD73 from astrocytes’ membrane was almost completely blocked.
Meanwhile, significantly elevated amount of active form of MMP-9 was
detected in the medium of co-cultured astrocytes and CD4 effectors
where downregulated astrocytes’ membrane CD73 happened.
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Figure 3: MMP-9 catalyzed CD73 from astrocytes. Selective MMP-2 inhibitor (MMP-2 Inhibitor 111, 50 nM) or MMP-9 inhibitor (MMP-9 Inhibitor 11, 50
uM) was added to MOGgs.ss specific interaction of wt-astrocytes and CD73" effectors individually. The surface located CD73 was evaluated by flow
cytometry. The active form of MMP-9 in the medium was detected by an MMP-9 Biotrak Activity Assay kit. A) & B) Representative result (A) and statistic
result (B, n = 6) of flow cytometry detected CD73 on the surface of interacted astrocytes. C) Amount of active MMP-9 in the media.

Finally, we tested whether the addition of MMP-9 inhibitor to block
astrocytes’ CD73 shedding may restore some inhibitory effect of
astrocytes to their interacted effectors. Results in (Figure 4A) suggested
that when MMP-9 inhibitor was added to MOGss.ss Specifically
interacted astrocytes and CD4 effectors, the production of IL-17 and
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IFN-y, hall markers of Thl and Thl7 cells, were all significantly
decreased. When a CD73 inhibitor was added together with the MMP-9
inhibitor, the inhibitory effect from the MMP-9 inhibitor was completely
reversed. This strongly indicated that MMP-9 inhibitor exerted its
inhibitory effect by maintaining CD73’s activity in astrocytes. To further
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support this idea, same experiments were performed in interacted CD73
"--astrocytes and CD73" effectors. As expected, the addition of MMP-9
inhibitor did not show any effect on inhibiting IL-17 and IFN-y
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production. We can confidently say that MMP-9 inhibitor is capable of
exerting an anti-inflammatory effect in neuro inflammation by
stabilizing CD73 in astrocytes.
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Figure 4: Astrocytes’ CD73 hindered pro-inflammatory cytokines production from interacted CD4 effectors. Astrocytes were purified from naive wt- and
CD73" B6 mice and subjected to the interaction with CD73” EAE-effectors after being primed by LPS (50 ng/ml) and IFN-y (10 ng/ml), with MOGis.ss
present. Interacted cells were treated with MMP-9 inhibitor along with APCP (3 pM), a CD73 inhibitor, or not. IL-17 and IFN-y in the medium were detected
by ELISA. A) IFN-y (upper column) and IL-17 (lower column) concentrations in the medium of interacted wt-astrocytes and CD73" effectors, (n=6). B)
IFN-y (upper column) and IL-17 (lower column) concentrations in the medium of interacted CD73"-astrocytes and CD73™ effectors, (n= 6).

Taken together, it was demonstrated in this paper that it was MMP-9
catalyzing CD73 at its K547/F548 site accounting for CD73 shedding
from inflammatory astrocytes. MMP -9 inhibitor could stabilize
astrocytes’ membrane CD73 under inflammatory condition and hence
exerted suppressive effect to neural inflammation.
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