The effect of serum on mPr3 and CD177 expression on neutrophils
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Abstract
: Proteinase 3 (Pr3) is a serine protease that is stored primarily in azurophilic granules and
secretory vesicles in neutrophils. The high affinity Pr3 receptor, CD177, is expressed on a
subset of neutrophils (ranging from 0-100%), but usually only half of the circulating
neutrophils express CD177 in most normal individuals. As a serine proteinase, Pr3 is
controlled by a variety of inhibitors, including alpha-1-antitripsin (AAT). We investigated if
the surface expression of Pr3 and CD177 was affected by stimulation of neutrophils in the
presence or absence of serum. Methods: Neutrophil cells were isolated from healthy donors.
The cells counted and stimulated with fMLP only or cytochalasin B followed by addition of
fMLP, and compared to unstimulated controls, in the presence or absence of 100 %
autologous serum. The expression of Pr3 and CD177 was analysed by flow cytometery.
Results: The expression of membrane bound Pr3 (mPr3) by neutrophils was still detectable in
the presence of serum however, the expression was reduced on both mPr3low and mPr3high
cells in comparison to cells incubated in the absence of serum. No significant increase was
observed in mPr3 expression following stimulation with fMLP in either the presence or
absence of serum. In comparison, stimulation with cytochalasin B combined with fMLP
resulted in a 9-fold increase (P<0.0001) in the Pr3high cells compared with unstimulated cells
in the absence of serum. This increase was only 3-fold (P< 0.002) in the presence of serum.
Conclusion: Despite the ability of purified AAT to inhibit Pr3 binding to CD177, significant
surface Pr3 was still found on the surface of CD177-positive neutrophils when stimulated in
the presence of 100% autologous serum, but only following maximal stimulation of
neutrophils.
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Statistical analysis
Data in this study was analysed using
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Results
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Figure 1. Patterns of mPr3 CD177 expression on surface neutrophils from different donors detected by
flow cytometry. The blue line represents nonspecific binding of isotype-matched control. The red line
shows binding of monoclonal anti-Pr3 antibody (G2) and green line shows binding of monoclonal
anti-CD177 (MEM-166) both antibodies were detected by PE-conjugated goat anti-mouse antibody
(rPE-GAM) in different tubes prepared in parallel, but histograms are overlaid to compare the
expression distribution.
The results demonstrated that Pr3 and CD177
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increase (P<0.0001) in the Pr3high cells

on unstimulated neutrophils in the presence

compared with unstimulated cells in the

of serum appeared to be less than that on

absence of serum. This increase was only 3-
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Figure 2. A) Surface expression of CD177 and Pr3 on neutrophils in presence or absence of
serum from three different donors.
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Figure 3. Bar graphs show the mean cellular fluorescence of mPr3high populations in presence of HBSS
or serum. Neutrophils were unstimulated and stimulated with fMLP only or cytoB in combination with
fMLP (n=7).
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detected on unstimulated cells. Data expressed as mean, error bars demonstrate SEM, *= p<
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Figure 5. Percentage of Pr3 expressing neutrophils (Pr3low neutrophils) before (UN) stimulation with
fMLP (f) or with cytoB & fMLP (C+f) in presence and absence of serum. The data are presented as
mean cellular fluorescence ± SEM for five healthy donors (P=0.03).

These results indicate that serum (likely

the presence of serum, compared with the

due to the AAT present) at physiological

absence of serum as seen in figure 3.6.

concentrations can reduce or remove Pr3

Moreover, the statistical analysis shows no

from the surface of neutrophils; however,

significant

for cells that express high levels of Pr3,

CD177low and CD177high between the two

this reduction does not result in complete

conditions, despite the significant increase

loss of surface Pr3, whereas the decrease in

in

Pr3 on the surface on mPr3low sub-

stimulation with cytochalasin B & fMLP in

populations result in a decrease below

presence or absence of serum (figure 6).

measurable residual amounts.
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these surface levels of Pr3 that remain in
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unstimulated; f= fMLP stimulated; C+f= cytochalasin B and fMLP stimulated.

Discussion
In this study, we analysed the surface

CD177-positive neutrophil cell surfaces is

expression of CD177 and mPr3 in the

upregulated

presence

mediators including TNF-α, PMA, LPS,

present

of
in

physiological

serum

fMLP and GMCSF (20,17,4,21, 22). Pr3 is

neutrophil stimulation. It was confirmed

a Neutrophil Serine proteases (NSP) that is

that circulating human neutrophils have a

stored

bimodal distribution of Pr3 and CD177 on

neutrophils. Moreover, it is located within

their

secretory vesicles that readily fuse with the

membrane

and

multiple proinflammatory

after

plasma

before

inhibitors

by

which

varies

in

the

granules

of

circulating

between individuals (13,14,15).

plasma membrane.

We did find that not all individuals have

CD177

bimodal distribution of Pr3, but that these

intracellular

cells sometimes separated into a low and

(secondary granule and secretory vesicles)

high

and this supports the hypothesis that Pr3

mPr3

stimulation.

population
Hu

maximal

found

in

compartments

the

same

as

Pr3

and CD177 may share the same mode of

demonstrated that isolated adult neutrophil

trafficking (23,13). However, CD177 is

samples

to

also found in high abundance on the cell

expression following 15

surface of some neutrophils, raising the

minutes with TNF-α (16). In contrast all

possibility that intracellular CD177 and

CD177

bimodal

Pr3 translocate individually from different

irrespective of stimulation. A study by

sources and associate at the membrane

Halbwachs-Mercarelli et al., 1995 (17)

surface. The low levels of mPr3 and

demonstrated that the proportion of freshly

CD177 may translocate to the membrane

isolated

neutrophils that expresses Pr3

as an already preformed complex from an

varies considerably between donors (0–

intracellular pool; however, most of the

95%), but is extremely stable for each

surface CD177 is not associated with Pr3.

individual over prolonged periods of time.

So whether these complexes dissociate at

bimodal mPr3

co-workers

also

has

change

and

after

is

from

expression

monomodal

was

Our data enhance the earlier funding that
Pr3 is present on the surface of quiescent
neutrophils

(17,18).

These

results

go

against the findings of Yang et al., (19)
who state that circulating neutrophils do
not demonstrate mPr3. Many studies have
found

that the expression of Pr3 on

the cell surface and following stimulation,
Pr3 binds again to CD177 is unknown
(24,25). The hydrophobic patch predicted
to be on the surface of the Pr3 molecule
was shown to be important for its CD177
binding (9) .The higher percentage of
mPr3/CD177-double positive neutrophil is
associated

with an increased

risk

for

mPr3high

and worse outcome of ANCA vasculitis.

the

Therefore, dissociation of Pr3 and CD177,

stimulation

or

disrupting

would

Pr3/CD177

complexes,

(which

obvious

therapeutic

conditions

have

implication

for

Pr3/ANCA-mediated

neutrophil activation.

natural inhibitors, such as AAT (a major
physiological

proteinase

inhibitor

in

serum) and elafin. AAT binds covalently to
all serine proteases and therefore exhibits
effects that go beyond the Pr3-CD177
interaction. A previous study by Korkmaz
et al. (8) has demonstrated that addition of
purified

AAT

to

Pr3-bound

CD177

transfected CHO cells completely removed
Pr3 from the surface of CD177 receptorexpressing CHO cells. Our results illustrate
that serum has no effect on the levels of
CD177
stimulation

expression
for

before

either

or

CD177low

after
or

CD177high sub-populations. Levels of mPr3
on unstimulated neutrophils in HBSS and
serum were similar (very low), while a
significant reduction in mPr3 was noted
following stimulation in the presence of
serum when compared to cells stimulated
in the absence of serum.

following

presence

of serum

the

reflects

the

physiological

of

neutrophil

stimulation)

indicating that regardless of the presence
of

Pr3 activity is inhibited by variety of

in

population

physiological

surface

Pr3

inhibitors,

would

still

increased
occur

with

stimulation and may play an important role
in

the

physiological

processes

of

neutrophils. However, we have not ruled
out the possibility that other molecules in
serum may have protected the mPr3, or
inhibited AAT function, or that given the
bait-loop mechanism of AAT that the
surface mPr3 may lack enzymatic activity.
Our result also indicated that the inhibitors
in serum disassociated Pr3 only from the
surface of neutrophils without removing
the expression of the high affinity receptor
(CD177). Korkmaz et al. (12) reported that
constitutive

mPr3

(mPr3

on

resting

neutrophils) is inactive and is not able to
interacting with AAT so it can remain at
the

surface

of

quiescent

circulating

neutrophils even in the presence of huge
amounts of inhibitor.
suggested

induced

In addition they

mPr3

(mPr3

after

priming or stimulation of neutrophils) is
inhibited and removed by AAT as was

This suggests that Pr3 upregulated to the

shown using cells that stably expressed the

cell membrane following stimulation may

CD177 receptor. However, as I mention

be more easily removed than Pr3 that is

above stimulating neutrophil in presence of

already bound to the membrane before

serum showed significant increase in Pr3

stimulation. Nonetheless, one should note

expression which suggested that AAT is

that there is still a significant increase in

not able to remove all induced mPr3.

Summary
In this study we have presented that mPr3

processes of neutrophils. In addition, the

is

levels of CD177 showed no change in

still detectable

on

the

surface of

neutrophils in the presence of serum but it

expression

showed a marked decrease relative to

compared with the absence of serum,

levels bound in the absence of serum.

demonstrating

Moreover the levels of mPr3 on stimulated

staining is not an artefact of failure to

cells (with fMLP or cytochalasin B +

detect surface neutrophil markers and that

fMLP) in serum still demonstrated binding

serum enhances the dissociation from the

above background

This

high affinity surface receptor. The results

indicates that regardless of the presence of

published by different research groups may

physiological inhibitors, Pr3 bound to the

be differentially influenced the method of

cell

neutrophil preparation which may alter

surface

staining levels.

of neutrophils

retains

its

presence, and because of that it may play

mPr3

an

shedding.

important

role

in

the

physiologic

in the presence of serum,

surface

decreased

Pr3

expression

surface

and

CD16
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