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Effects of various inducers on the expression of P2X7 receptor in human
peripheral blood mononuclear cells

ZHANG Xiu-Jun™, ZHENG Guo-Guang®, MA Xiao-Tong, LIN Yong-Min, SONG Yu-Hua, WU Ke-Fu
State Key Laboratory for Experimental Hematology, Institute of Hematology, Chinese Academy of Medical Sciences and Peking
Union Medical College, Tianjin 300020, China

Abstract: Regulation of P2X7 receptor expression is of interest because activation of this receptor by extracellular ATP triggers a wide
variety of cell functions in leukocytes. However, its expression and modulation in human peripheral blood mononuclear cells (PBMC)
and monocytes remain unclear. RT-PCR was used to detect the constitutive level of P2X7 receptor and the levels upon stimulation with
bacteria, bacterial product, mitogen and various cytokines in human PBMC and monocytes. P2X7 receptor mRNA was detected in
PBMC and monocytes. P2X7 receptor expression in PBMC was up-regulated by interleukin-2, -4, -6 (IL-2, IL-4, IL-6) tumour
necrosis factor-ot (TNF-ar), lipopolysaccharide (LPS) and heat-inactivated Staphylococcus aureus Cowan strain I (SAC). However,
interferon-y (IFN-y), granulocyte-macrophage colony-stimulating factor (GM-CSF), macrophage colony-stimulating factor (M-CSF)
and phytohemagglutinin-M (PHA-M) had little effect on the expression of P2X7 receptor. Furthermore, LPS and M-CSF could up-
regulate P2X7 receptor expression in monocytes, while IFN-y, TNF-a and GM-CSF had weak effects, but pretreatment with these
inducers could not further enhance LPS-stimulated P2X7 receptor expression in monocytes. The results obtained demonstrate that
inflammatory stimuli drive P2X7 expression, thus supporting the hypothesis that P2X7 receptor may play a role in the inflammatory

responses against bacteria infection, which need further verification.
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Intercellular communication is critical for multi-cellular
organisms. Nucleotides are newly identified members car-
rying signals in the communications between cells through
binding P2 membrane receptors and triggering specific
intracellular signal transduction. The P2 receptors are di-
vided into two structure distinct subclasses: the P2X
receptors, which are two-transmembrane purinergic re-
ceptor channels, and the P2Y receptors, which are seven-
transmembrane G-protein coupled receptors. The P2X7
receptor, which has unique characteristics among P2X
subtypes, is a newly identified member. Binding of extra-
cellular ATP to P2X7 receptor induces cation channel open-
ing imparting significant permeability to Ca* and pore forma-
tion with changes in the plasma membrane potential 2,

The expression of P2X7 receptor has been reported in
various cells in immune system including monocyte/
macrophages, dendritic cells, mast cells, mesangial, and
microglial cells, efc. Activation of P2X7 receptor by extra-
cellular ATP triggers a wide variety of cell functions in
leukocytes, including granule secretion, superoxide
production, adhesion molecule expression, processing/re-
lease of cytokines, proliferation, differentiation, death
through either necrosis or apoptosis, and activation of
multiple downstream signaling events 2,

The survival, proliferation and function of immune cells
are tightly governed by the complex regulating network
through intercellular communications. It has been reported
that lipopolysaccharide (LPS) and interferon-y (IFN-y)
synergistically up-regulate P2X7 receptor expression and
function in human THP-1 cell line of monocytic lineage .
However, the modulation of P2X7 receptor expression in
human peripheral blood mononuclear cells (PBMC) and
monocytes remains unclear. Therefore, in this study, we
tested the effects of various bacterial products, cytokines
on P2X7 receptor expression in normal human PBMC and
monocytes.

1 MATERIALS AND METHODS

1.1 Cytokines and reagents

LPS (Escherichia coli serotype 026:B6) and PHA (PHA-
M) were from Sigma. Formalin-fixed, heat-inactivated Sta-
phylococcus aureus Cowan strain I (SAC, Pansorbin) was
from Calbiochem (San Diego, CA). TNF-o, M-CSF, rhIL-
2 and rhIL-6 were products of Peprotech (London, UK).
GM-CSF, IFN-y and rhIL-4 were from R&D Systems,
Inc. (Minneapolis, MN).

1.2 Cellisolation and cell culture

U937 is a human leukemic cell line and HEK293 is a hu-
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man embryonic kidney cell line. Blood samples were col-
lected from 6 healthy donors originating from Tianjin Blood
Center. PBMC were isolated by standard Ficoll-Paque gra-
dient centrifugation. Monocytes were isolated by centrifu-
gation on a continuous Percoll density gradient (Pharmacia,
Piscataway, NJ) . Monocyte enrichment was confirmed
by Giemsa and non-specific esterase staining (85% to 90%).
All cells were maintained in RPMI-1640 medium (Invitrogen,
Grand Island, NY) supplemented with 10% fetal bovine
serum (FBS, Invitrogen), glutamine (2 mmol/L), penicillin
(100 U/ml) and streptomycin (100 pg/ml), at 37 °C in a
humidified, 95% air/5% carbon dioxide atmosphere. PBMC
and monocytes were cultured in polystyrene tubes (Simport
Plactics Ltd., Canada) immediately after isolation.

1.3 Stimulations

PBMC were stimulated with the following stimuli for 4, 12
or 24 h: LPS (1 ug/ml), SAC (0.0075%, W/V), IL-2
(1 000 U/ml), IL-4 (100 U/ml), IL-6 (200 U/ml), IFN-y
(100 ng/ml), TNF-ct (100 ng/ml), GM-CSF (100 ng/ml),
M-CSF (100 ng/ml), PHA-M (10 pg/ml). Monocytes were
treated with the same amounts of LPS, GM-CSF, M-CSF,
TNF-a, or IFN-y for 4 h. In priming experiments, mono-
cytes were first pretreated with IFN-y (100 ng/ml), GM-
CSF (100 ng/ml) or M-CSF (100 ng/ml) for 12 h before
treated with LPS (1 pug/ml) for another 4 h. At the end of
each experiment, cells were harvested for analysis of P2X7
receptor expression by RT-PCR. Cells without any stimu-
lus were also included in each experiment as control. All
culture reagents were free of endotoxin (<0.1 EU/ml).

1.4 RT-PCR

Total cellular RNA was extracted using TRIzol reagent
(Invitrogen) following the manufacturer’s instructions and
dissolved in diethylpyrocaronate (DEPC)-treated water
before visualized on 1% agarose gel for the assessment of
quality by measuring the intensity ratio of 28S and 18S
RNA. The mRNA in 1 ug total cellular RNA was reverse
transcribed in the system containing 0.5 ug oligo (dT),,
primer, 40 U RNasin (TaKaRa Biotech, Japan) and 200 U
M-MLYV reverse transcriptase (Invitrogen) following the
standard protocol. The two primers for P2X7 receptor
were: 5’-TCTGCAAGATGTCAAGGGC-3’ (1286-1304 in
exon 12), and 5’-TCACTCTTCGGAAACTCTTTCC-3’
(1780-1759 in exon 13) .. The primers for GAPDH were
5’-TGAAGGTCGGAGTCAACGGATTTGG-3’ and 5’-
CATGTGGGCCATGAGGTCCACCAC-3’. Two microli-
ters of cDNA were amplified in a 50-ul reaction mixture
containing 50 mmol/L KCl, 10 mmol/L Tris-HCI, 2 mmol/L
MgCl,, 0.2 mmol/L of each deoxyribonucleoside
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triphosphates, 0.4 umol/L primers and 1 U Ex Taq poly-
merase (TaKaRa Biotech) with hot-start PCR as follows:
95 °C for 5 min followed by 26 (GAPDH) or 35 (P2X7
receptor) cycles: denaturation at 95 °C for 45 s, annealing
at 57 °C (GAPDH) or 52 °C (P2X7 receptor) for 45 s,
extension at 72 °C for 1 min, and final incubation at 72 °C
for 10 min for fully extension. Furthermore, cDNA samples
with strongest amplification were serially diluted, and close
correlation between the amount of product and initial cDNA
was seen after PCR analysis. To further confirm that the
PCR products were P2X7 receptor fragments, Pyrobest
DNA polymerase (TaKaRa Biotech) was used in PCR re-
action and the fragments were sequenced by ABI Prism
310 (Perkin Elmer) with the same set of primers. Ten mi-
croliters of each PCR product were visualized by electro-
phoresis on a 1.5% agarose gel stained with ethidium
bromide, and quantified by densitometry using a Kodak
digital camera equipped with Kodak image software. Re-
sults were expressed as positive index (PI), corrected for
GAPDH, calculated according to the formula:

PI = (densitometrical units of P2X7 receptor) /
(densitometrical units of GAPDH).

1.5 Measurements of intracellular Ca**

Intracellular free Ca?" concentration ([Ca?'],) was deter-
mined as previously described 1%, Cell suspension was
incubated at 37 °C for 20 min with 3 umol/L Fura-2/AM
before washed twice with Locke’s solution (mmol/L: NaCl
154, KCI 5.6, CaCl, 2.2, MgCl, 1.2, glucose 10, Hepes 5,
pH 7.4), and finally resuspended at the concentration of
1x10°~ 2x10° cells/ml. Before analysis, aliquots of cell
suspensions (1 ml) were centrifuged at 200 g for 1 min,
and cells were resuspended in 2 ml pre-warmed (37 °C)
fresh Locke’s solution before transferred into a 10 mmx10
mm quartz cuvette placed in the thermostat-regulated
sample chamber of a dual excitation beam spectropho-
tometer (F-4500, Hitachi, Tokyo) with continuous stirring.
The fluorescence intensities at 510 nm were simultaneously
recorded when excited at 340 and 380 nm. At the end of
each measurement, Triton X-100 was added to obtain
maximal fluorescence and then excess EGTA was added
to obtain minimal fluorescence. [Ca*']; was calculated us-
ing F4500 Intracellular Cation Measurement System
(version 1.02) software, with a K, value of 224 nmol/L
for the Fura-2-Ca?** equilibrium ", Sulfinpyrazone (250
mmol/L) was added to all solutions to prevent dye leakage.

2 RESULTS

2.1 PBMC and monocytes express P2X7 receptor

mRNA and functional P2X7 receptor

RT-PCR was used to show the expression of P2X7 recep-
tor mRNA in PBMC and monocytes from healthy donors.
U937 cells were used as positive control while HEK293
cells were used as negative control ', The amplified frag-
ment was within the C-terminal intracellular region with
the expected size of 495 bp, which was unique from other
P2X receptors. The PCR conditions and the number of
PCR cycles for each primer pair (35 cycles for P2X7
receptor, 26 cycles for GAPDH,) were chosen according
to preliminary experiments, in which PCR product was
detectable in an amount directly proportional to the quan-
tity of starting cDNA. A typical result was shown in Fig.1.
DNA sequencing analysis confirmed that the amplified frag-
ments shared 100% homology with published P2X7 re-
ceptor sequence. Signal intensities of the specific bands
were normalized in relation to the GAPDH internal control
to eliminate fluctuations as a result of the visible quantities
of RNA loaded. The expression level (PI) was defined as
the OD ratio of P2X7 receptor specific band to GAPDH.
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Fig. 1. Expression of P2X7 receptor in human PBMC and monocytes.
The expression of P2X7 receptor mRNA in different kinds of cells
was analyzed by RT-PCR detailed in Materials and Methods. Lane
1, DNA marker DL2000; lane 2, PBMC; lane 3, monocytes; lane 4,
U937 cells; lane 5, HEK293 cells.

As P2X7 receptor mRNA was detected in human PBMC
and monocytes, it’s interesting to know whether these re-
ceptors were functional. We chose PBMC as the model to
study whether the expressed P2X7 receptor were
functional. To confirm that the [Ca?'], increase was medi-
ated by P2X7 receptor other than other members of P2X
family, we stimulated the cells with 100 wmol/L BzATP,
the specific, complete and most potent agonist for the P2X7
receptor. When cells were maintained in Ca**-free medium,
as indicated in Fig. 2, BzZATP failed to elicit [Ca®']; increase;
however, [Ca?"]; increase could be observed when Ca*
was reintroduced to the final concentration of 3 mmol/L.
Humphreys ef al. ' suggested that isoquinolines interact
with residues in the amino-terminal half (containing the
large extracellular loop) of the human P2X7 receptor. KN-
62 potently inhibited BzZATP-gated Ca?* influx in several
leukocyte cell lines (THP-1, BAC1.2f5, and BW5147) that
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natively express the human or murine P2X7 receptor
mRNA. In our experiment, BZATP stimulated [Ca®']; in-
flux could be markedly inhibited by KN-62 (3 umol/L)
(data not shown ). Moreover, [Ca?'], increase could also
be detected when PBMC were treated with ATP (data not
shown). Together, these results suggested that PBMC cells
expressed functional P2X7 receptor, which mediated the
extracellular calcium-dependent, ATP and BzATP-stimulated
[Ca?"], increase.
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Fig. 2. P2X7 receptor-mediated [Ca®"]; increase in PBMC upon
stimulation. Cells were preloaded with Fura-2, washed, and resus-
pended in Ca*'-free Locke’s solution. [Ca®']; was detected by spec-
trophotometer (F-4500, Hitachi) as described in Materials and
Methods. BzATP and CaCl, were added to the final concentration of
100 umol/L and 3 mmol/L, respectively, at the time points indicated
by arrows: A, BzATP; 1, CaCl,. The figure represented the typical
results from three independent experiments.

2.2 Modulation of P2X7 receptor expression in nor-
mal PBMC upon various stimuli

All PBMC samples without stimulation clearly expressed
P2X7 receptor as showed in Fig. 1. When cells were treated
with various cytokines (IL-2, IL-4, IL-6, TNF-o, IFN-y,
M-CSF, GM-CSF), LPS, SAC and T cell mitogen PHA-M
as stimuli for 4 h, different expression patterns were ob-
served (Fig. 34). IL-2, TNF-o, LPS and SAC could in-
duce 2.0-folds, 1.5-folds, 2.0-folds and 2.8-folds increase
of P2X7 receptor, respectively, while 1L-4 and IL-6 could
induce 1.2-folds and 0.9-fold increase of P2X7 receptor at
mRNA level, respectively. However, IFN-y, GM-CSF, M-
CSF and PHA-M had little effect on P2X7 receptor
expression. No further enhancement of P2X7 receptor
expression could be detected when cells were treated with
these stimuli for 12 or 24 h. Instead, the enhancements
decreased significantly at the time point of 24 h when com-
pared with the results of 4 h. (Fig. 3B)

2.3 Modulation of P2X7 receptor expression in
monocytes upon various stimuli
The basal level of P2X7 receptor mRNA expression in
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Fig. 3. Effects of different stimuli on P2X7 receptor expression in
PBMC. PBMC were cultured with medium alone (control) or treated
with IL-2 (1 000 U/ml), TNF-o. (100 ng/ml), LPS (1 ug/ml) or SAC
(0.0075%, WIV) for 4 h (4) or 12 and 24 h (B) before semiquantitative
RT-PCR analysis. mean+SD, n=3. The P2X7 receptor positive in-
dex of samples was quantified by fluorography and normalized to
GAPDH. The extent of significant increase (fold) was indicated.

freshly isolated monocytes was similar to that of PBMC.
However, LPS could induce 1.4-folds increase of P2X7
receptor mRNA expression in monocytes (Fig. 44), M-
CSF could induce 1.0-fold increase, while IFN-y, TNF-o,
and GM-CSF could weakly up-regulate P2X7 receptor
expression after 4 h stimulation (Fig. 48). Then mono-
cytes were first treated with IFN-y, GM-CSF or M-CSF
for 12 h, followed by LPS stimulation for 4 h to see whether
the pretreatment of these cytokines could enhance the ef-
fects of LPS. However, no significant enhancement of
P2X7 receptor mRNA expression could be observed (Fig.
5) compared with cells without cytokine pretreatment.

3 DISCUSSION

P2X7 receptor is of special interest for its unique structure
and characteristics among P2X receptors. Of the P2X re-
ceptor subtypes, only P2X7 receptor is associated with
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Fig. 4. Effects of different stimuli on P2X7 receptor expression in monocytes. Monocytes from healthy donors were cultured with medium
alone (control) or treated with LPS (1 pg/ml), GM-CSF (100 ng/ml), M-CSF (100 ng/ml), TNF-o. (100 ng/ml), or IFN-y (100 ng/ml) for 4 h
before semiquantitative RT-PCR analysis. mean+SD, n=3. The P2X7 receptor positive index of samples was quantified by fluorescence
intensity and normalized to GAPDH. The extent of significant increase (fold) was indicated.
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Fig. 5. Effects of different stimuli on LPS-induced up-regulation of
P2X7 receptor expression in human monocytes. Monocytes from
healthy donors were pretreated with IFN-y (100 ng/ml), GM-CSF
(100 ng/ml),TNF-a (100 ng/ml), or M-CSF (100 ng/ml) for 12 h,
then cultured with or without LPS (1 pug/ml) for additional 4 h before
semiquantitative RT-PCR analysis. mean+SD, n=3. The P2X7 re-
ceptor positive index of samples was quantified by fluorescence
intensity and normalized to GAPDH.

the formation of a nonselective pore that is permeable to
both inorganic ions and small (<900 Da) organic molecules.
While the functional role of these pores is unclear, analysis
of the regulation of P2X7 receptor expression may pro-
vide important clues about its role in leukocyte physiology
for further study.

The presence of P2X7 receptor could be identified at
mRNA, protein and functional levels. In this study, we
first showed that all the PBMC and monocytes samples
from 6 donors expressed P2X7 receptor at mRNA level.
Then we chose PBMC as the model and analyzed the change

of intracellular free calcium concentration as the functional
marker to confirm the presence of P2X7 receptor in these
cells. Since several P2 receptors may co-express on the
same cell type, the [Ca?"]; increase by other activated P2
subtypes upon ATP stimulation should be excluded. We
found that [Ca?"]; increase could be observed in PBMC
upon stimulation of both ATP and BzATP, which is the
specific, complete and most potent agonist of P2X7
receptor. Furthermore, the P2X7 receptor specific inhibi-
tor KN-62 could block the process. Hence, we conclude
that these cells express functional P2X7 receptor.

It was reported that LPS and IFN-y could synergisti-
cally up-regulate P2X7 receptor mRNA in human THP-1
cell line 1. LPS binding to leukocytes triggers a wide vari-
ety of responses aimed at defending the host against bac-
terial infection, including induction of genes encoding
cytokines, adhesion molecules, and enzymes that produce
inflammatory mediators "'\, In our study, we found that
SAC and LPS could induce a peak increase of P2X7 re-
ceptor expression in PBMC at mRNA level after 4 h
stimulation. Thus, it appears that SAC and LPS are potent
inducers of P2X7 receptor expression in PBMC. The abil-
ity of bacteria and bacterial products to induce P2X7 re-
ceptor expression strongly suggests that P2X7 receptor
plays a role in determining the early immune response to
bacterial infection. Our results showed that other cytokines
including IL-2, TNF-q, IL-4 and IL-6 are also potent in-
ducers of P2X7 receptor expression, but IFN-y, GM-CSF,
M-CSF and PHA-M have little effect on P2X7 receptor
expression. This is the first report of a panel of cytokines
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on the modulation P2X7 receptor expression in PBMC.

Then monocytes were isolated and treated with both LPS
and TNF-o for 4 h to see whether they could effectively
up-regulate P2X7 receptor expression in monocytes. On
the contrary to our hypothesis, relatively low increase of
P2X7 receptor transcript could be observed in monocytes,
which suggested that the accumulation of P2X7 receptor
mRNA in PBMC by stimulation with LPS and TNF-o
might mainly be contributed by other cell types (T and/or
B lymphocytes) than monocytes. Moreover, we found that
priming with IFN-y, GM-CSF or M-CSF could not result
in significant increase of P2X7 receptor expression by LPS
stimulation in monocytes.

How LPS induces the expression of P2X7 receptor is of
interest. Since LPS is a potent inducer of a variety of
cytokines in lymphocytes and monocytes, certain cytokines
are possibly secreted in response to LPS stimulation. Hence,
there raises two possible mechanisms: One is that LPS
directly induces P2X7 receptor expression; another is that
LPS induces one or several of these cytokines, which ulti-
mately regulate P2X7 receptor expression. However, our
data showed that LPS was more potent than the cytokines
tested, suggesting that the mechanism by which LPS up-
regulates the P2X7 receptor seems not through these sec-
ondary inflammatory cytokines, at least not through any
of the single cytokine, and whether through other pathways,
awaits further study to elucidate.

In summary, in this paper, we show that the expression
and function of P2X7 receptor are constitutive in normal
human PBMC and monocyte/macrophage lineage. P2X7
receptor expression can be up-regulated by SAC, LPS and
several cytokines.
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