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Introduction

The natural killer (NK) cell is a critical component of the
immune response against infected or neoplastic cells.'”
In rodents, NK cell activity is restricted by opposing
signals from activating and inhibitory receptors of the
C-type lectin like receptor families, such as the Ly49,
NKR-P1, and CD94/NKG2-families.* The mouse inhibi-
tory Ly49A and activating Ly49D receptors specifically
recognize the MHC class 1 molecule H2-DY>° We
recently demonstrated that ligation through Ly49D or
Ly49A can modulate chemotaxis of NK cells in response
to the chemokines CXCL10 or CXCLI12, indicating that
Ly49 receptors can crosstalk with chemokine receptors.”
Chemokine receptors belong to the G-protein coupled
receptor family, and signal through G proteins upon
binding of chemokines. In this process guanosine diphos-
phate (GDP) is exchanged for guanosine triphosphate
(GTP) in the Go subunit, allowing activation of the
G protein, and dissociation of the signalling effectors
Go and Gy subunits. However, the Ga subunit possesses
an intrinsic GTPase activity, which brings it back to the
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Summary

The small GTPase accelerators regulator of G protein signalling (RGS)
proteins are important regulators of proximal signalling from G protein
coupled receptors. Although natural killer (NK) cells express a number of
G-protein coupled receptors, expression of RGS proteins has not been
investigated. We analysed the expression of RGS proteins in rat NK cells,
and detected mRNA for RGS1, RGS2, RGS5, RGS8, RGS16, and RGS18.
Interestingly, when we included a panel of different leucocyte subsets, we
found that RGS8 was selectively expressed by NK cells. NK cells are under
control of both activating and inhibitory receptors and, utilizing a xeno-
geneic system where the mouse activating Ly49D or inhibitory Ly49A
receptors were transfected into the rat RNK-16 cell line, the potential
regulation of RGS proteins by single NK cell receptors was studied. We
found that ligation of Ly49D led to a rapid and transient increase in
message for RGS2, while Ly49A ligation up-regulated RGS2, RGS16, and
RGS18 mRNA. Both receptors also induced a prolonged increase in RGS2
endogenous protein levels. These findings suggest that RGS proteins may
be influenced by or involved in NK cell receptor events, suggesting a
crosstalk between G-protein coupled receptors and NK cell receptors.
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GDP bound state, allowing reassociation of the GBy sub-
unit and thereby limiting its own activity. This process
can be tightly regulated by a family of proteins called reg-
ulators of G protein signalling (RGS).

RGS proteins bind to GTP-bound forms of Ga sub-
units, of either the Go; or Goyq subfamilies, and can accel-
erate their return to a GDP-bound state by a 100-fold,
facilitating an inhibition of the signal. This interaction
occurs through the RGS domain, a highly conserved
region of about 120 amino acids. Most RGS proteins are
relatively small, consisting mainly of the RGS domain.
However, their short N- and C-terminal ends provide a
level of signalling specificity.®* Most RGS proteins are pre-
dicted to be either cytosolic or nuclear, although their
sites of action are presumed to be adjacent to G proteins
at the plasma membrane (reviewed in 9 and 10). Des-
pite considerable knowledge about the in vitro activities
of RGS proteins, much is still unknown about their
function.

RGS proteins are expressed by most cells and tissues.
They are particularly abundant in the brain, but are also
found in the heart, in the liver, and in lymphoid tissue.!!
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RGS proteins have been classified into six subfamilies.
Members of the B/R4 subfamily show some preference for
peripheral tissues, such as leucocytes. B cells are partic-
ularly well studied, and express a number of B/R4 sub-
family RGS proteins, in particular RGS1 and RGS13."*™"
Expression of RGS proteins in monocytes and dendritic
cells was also recently demonstrated.'® RGS proteins have
not previously been characterized in NK cells, and we
chose to study the expression of seven RGS proteins of
the B/R4 subfamily in NK cells. Previous studies have
shown that the B-cell receptor or Toll-like receptors
(TLR) can modulate the expression and function of RGS
proteins.'>'® Similarly, we assessed in this study whether
stimulation through Ly49D or Ly49A affected RGS
expression.

Materials and methods

Animals

Eight to 12-week-old female rats of the PVG.7B strain
(which possesses a ‘non-immunogenic’ CD45 allotype,
RT7°, but is otherwise interchangeable with the standard
PVG strain RT7%) have been maintained at the Institute
of Basic Medical Sciences for more than 20 generations.
Rats were maintained under conventional conditions and
regularly screened for common pathogens. The animals
were housed in compliance with guidelines set by the
Experimental Animal Board under the Ministry of Agri-
culture of Norway.

Reagents

RGS2 antibody (Ab9963) was purchased from AbCam
(Cambridge, UK) and mouse monoclonal HA.11 antibody
was from Nordic Biosite (Taby, Sweden). Monoclonal rat
antibody towards Ly49D and Ly49A (12A8, rat immuno-
globulin G (IgG)2a), monoclonal mouse 3.2.3 (anti-
NKRP1A/B), and monoclonal mouse G4.18 (anti-CD3)
were produced from their respective hybridoma cell lines.
Secondary F(ab’), anti-rat F(ab’), was from Jackson Im-
munolabs (West Grove, PA).

Cells and cell lines

Rat mononuclear cells were generated by fractionating
spleen cells over Lymphoprep (Nycomed Pharma, Oslo,
Norway). NK cells were positively selected from the mono-
nuclear cells using 3.2.3-coated M280 magnetic Dyna-
beads (Dynal Biotech, Oslo, Norway). These freshly
isolated NK cells were either used directly, or cultured for
7 days in complete RPMI (cRPMI; 10% fetal calf serum,
2 mM L-glutamine, 100 U/ml penicillin, 100 pg/ml strepto-
mycin, 1 mm Na pyruvate, and 25 um 2-mercaptoethanol,
all from Invitrogen, Breda, Netherlands) supplemented
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with rat recombinant interleukin-2 (rIL-2, obtained from
dialysed cell culture supernatant of an IL-2 gene-transfect-
ed Chinese hamster ovary cell line). T cells or B cells were
positively selected from the rat mononuclear cells with
either G4.18-coated or IgG-coated magnetic Dynabeads,
respectively. T cells were used immediately or cultured for
3 days in cRPMI containing concanavalin A (ConA) or
IL-2. RNK-16, a rat leukaemic NK cell line, 293T cells,
and the rat macrophage cell line R2-M® were cultured in
cRPMI. RNK-16.Ly49A or RNK-16.Ly49D stable trans-
fectants were maintained in cRPMI supplemented with
1 mg/ml active G418.

Semiquantitative reverse transcription—polymerase chain
reaction (RT-PCR) analysis

Total RNA was extracted using Trizol reagent (Invitro-
gen), and 1 ug total RNA was subsequently transcribed
into ¢cDNA using oligodT primers and the MMLV reverse
transcriptase (Promega, Madison, WI). PCR was per-
formed on 0-5 ul cDNA with specific primers for RGS
proteins or CD45 as control for RNA quality. In order to
semiquantify the expression levels of RGS mRNA, cycles
were titrated for each RGS species to avoid saturation.
The cDNA panel of rat leucocyte subsets (from PVG rats)
used in Fig. 1(b) was a generous gift from Dr E. Dissen,
University of Oslo'” and equal amounts of cDNA were
subjected to PCR. Primers used were: RGS1: 5'-cgt-cga-
caa-atg-cca-gga-atg-tte-ttt-tc-3’, 5'-ggt-cga-cct-tta-aag-tat-
ttg-cct-gaa-gg-3', Ty, 55°, 29 cycles. RGS2: 5'-cgt-cga-cga-
gaa-tgc-aaa-gtg-cc-3, 5'-ggt-cga-ctg-tag-cat-ggg-get-ccg-3/,
T 55° 29 cycles. RGS5: 5'-ggggaattcaaatgtgtaagggactgg-
3’, 5'-cccctctagagttgattaactecttataaaacte-3/, T, 57°, 35
cycles. RGSS8: 5'-ctc-gag-atg-tgg-aac-acc-tta-cc-3’, 5'-ctc-
gag-act-gag-cct-cct-ctg-get-ttg-3’, Tm  58°, 30 cycles.
RGS13: 5'-ggg-aat-tca-aat-gag-cag-gca-tat-ctg-3’, 5'-ggg-
tct-aga-aga-get-ttg-gga-ttg-aac-3/, T, 57°, 35 cycles.
RGS16:  5'-ggt-cga-cac-cat-gtg-ccg-cac-cct-ag-3/,  5'-gtc-
gac-agt-gtg-tga-agg-ctc-agc-3’, Ty, 57°, 30 cycles. RGS18:
5'-ggt-cga-caa-tat-gga-tat-gtc-act-g-3’, 5'-cgt-cga-cta-acc-
aaa-tgg-caa-c-3/, Ty, 55° 30 cycles. CD45: 5'-cgg-ggt-tgt-
tet-gtg-cte-tgt-te-3/, 5'-ctt-tge-tgt-ctt-cct-ggg-ctt-tgt-3', Ty
67°, 25 cycles. The identity of all RGS species was verified
by sequencing (GATC, Konstanz, Germany).

Generation of hemagglutinin-tagged RGS and transfections

Full-length ¢cDNA encoding RGS8 was amplified by PCR
from total RNA extracted from RNK-16 cells. Amplified
RGS PCR products were cloned into the TA cloning vec-
tor pCR2.1 (Invitrogen). After restriction enzyme diges-
tion and agarose gel purification, the RGS insert was
further subcloned into the expression vector pECHA con-
taining a C-terminal HA-tag (provided by Dr E. Dissen,
University of Oslo'®). The RGS8-HA construct in combi-
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Figure 1. Expression of RGS mRNA in rat leucocytes. (a) RT-PCR
analysis of RGS transcripts performed on total RNA isolated from
freshly isolated rat NK cells or rat NK cells cultured for 7 days in
the presence of IL-2. Products were visualized by agarose gel electro-
phoresis, and length of products determined with a 100 bp ladder
(Roche, Indianapolis, IN). CD45 was included as a control for equal
amounts of cDNA. (b) RT-PCR analysis of RGS in freshly isolated
rat haematopoietic cells from PVG rats and cell lines as indicated.
R2 is a macrophage cell line, RBL-2H3 is a basophilic leukaemia,
RNK-16 and A181 are NK cell lines derived from F344 rats.
Negative control represents water subjected to first-strand cDNA
synthesis plus PCR. The experiments were repeated twice to ensure
reproducibility.

nation with an Ly49D construct was stably transfected
into RNK-16 cells as previously described.'® Briefly, RNK-
16 cells were electroporated with 10 pg each of Scal-linea-
rized RGS8-HA and Ly49D plasmids using a Bio-Rad
Electroporator (Bio-Rad, Uppsala, Sweden). After electro-
poration, cells were cultured overnight, and then plated
into 96-well plates at 10* cells/well in medium containing
1 mg/ml active G418 (Boehringer Mannheim, Mannheim,
Germany). Transfectants were characterized by flow
cytometry and Western blotting, and assessed for lytic
activity. Cells were grown for at least 2 days without
G418 prior to functional studies. 293T cells were transi-
ently transfected with an RGS2-HA construct (generated
as described above) wusing Lipofectamine/Opti-MEM
(Invitrogen, San Diego, CA).

360

Stimulation of cells and lysis

For studying changes in RGS mRNA or protein mediated
by Ly49 receptors, RNK-16.Ly49D or RNK-16.Ly49A cells
were incubated with 1 ug 12A8 F(ab'), antibody per 10°
cells for 30 min at 4°, and then added to 24-well plates pre-
coated with secondary anti-rat F(ab’), fragments. 1 x 10°
cells/sample were stimulated at 37° for 1-18 hr, then
directly lysed in Trizol (Invitrogen) for RNA preparation.
Alternatively cells were lysed in 30 pl NP-40 lysis buffer
(1% NP-40 (Igepal-30, Sigma, St Louis, MO), 25 mm
Tris-HCI, 150 mm NaCl, 10 mm NaF, 1 mm phenylmethyl-
sulphonyl fluoride, 1 mm NaVQ,) for 30 min on ice, and
then centrifuged at 9500 g for 10 min at 4° to remove cell
debris prior to electrophoresis.

Western blotting

Whole cell lysates, prepared as above, were separated
on 12-5% sodium dodecyl sulphate—polyacrylamide gel
electrophoresis (SDS-PAGE) gels and electrophoretically
transferred to polyvinylidene fluoride membranes. The
membranes were blocked in TTBS (10 mm Tris, 154 mm
NaCl, 0-05% Tween-20, pH 7-4) containing 5% skimmed
milk. Incubation with antibodies for RGS2 (1 : 10 000),
or HA (1 :3000) was performed in blocking solution for
3-18 hr. Membranes were washed and incubated with
horseradish peroxidase-conjugated secondary antibodies
(Jackson Immunolabs, 1 : 5000 in TTBS) for 1 hr. Signals
were detected with the ECL system (Pierce, Rockford, IL).

Confocal imaging

RNK-16 cells or rat IL-2-activated NK cells were fixed in
4% formaldehyde (in phosphate-buffered saline (PBS))
for 10 min. 5 x 10* cells were cytospun onto microslides
coated with poly r-lysine. Cells were permeabilized with
0-2% Triton-X-100 in PBS for 10 min, then incubated
with rabbit anti-RGS2 (1 : 1000) or anti-HA (1 : 1000)
overnight at room temperature, followed by 1 hr incuba-
tion at room temperature with specific Cy3-conjugated
secondary antibodies (1 :100). All antibody solutions
were diluted with PBS supplemented with 1% bovine
serum albumin. Cover slips were mounted with Dako-
Cytomation Fluorescent Mounting Medium (DakoCyto-
mation, Carpinteria, CA). The cells were examined using
a Leica TCS confocal microscope (Leica Microsystems,
Heidelberg, Germany). A 100x oil objective was used.

Results

Expression of RGS mRNA in NK cells

The expression of seven RGS proteins of the B/R4 sub-
family was studied in NK cells of PVG rats. Total RNA
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was extracted from both freshly isolated NK cells and NK
cells cultured in IL-2 for 7 days, and equal amounts of
cDNA were subjected to RT-PCR analysis. Primers for
RGS1, RGS2, RGS5, RGS8, and RGS13 were designed
from previously published rat sequences, while primers
for RGS16 and RGS18, not previously described in rat,
were based on mouse sequences assuming that there is
high homology between mouse and rat RGS. As members
of the RGS protein family are closely related, PCR reac-
tions were run under conditions that yielded only one
band. This band was then sequenced to verify the identity
of the RGS protein. We detected expression of six of the
seven RGS proteins under study in NK cells; RGSI,
RGS2, RGS5, RGS8, RGS16, and RGS18 (Fig. 1a). While
RGS1 and RGS2 appeared to be similarly expressed in
both freshly isolated and IL-2-activated NK cells, RGS5
was only found in freshly isolated cells. We have repeat-
edly failed to detect RGS5 in IL-2-activated NK cells,
using both several different batches of cDNA and increas-
ing the number of PCR cycles. In contrast, RGS8, RGS16,
and RGS18 were all expressed at higher amounts in IL-2-
activated NK cells, as compared with freshly isolated cells.
RGS16 and RGS18 have not previously been described in
rat, and we found that their sequences were highly
homologous to the published mouse sequences. Rat
RGS16 has 91% nucleotide identity with mouse RGS16,
while rat RGS18 shares 93% nucleotide identity with
mouse RGS18 (GenBank accession numbers AY651775
and AY651776, respectively).

We next compared the expression of these RGS proteins
with other rat leucocyte subsets. To our knowledge, no
studies have previously addressed RGS expression by rat
leucocytes. RT-PCR analysis was performed on a cDNA
panel derived from myeloid and lymphoid cells originating
from the PVG rat strain, as well as NK cells from the F344
rat strain (RNK-16 and A181 cell lines; Fig. 1b). RGS1 and
RGS2 were both expressed in almost all leucocytes tested,
confirming previous studies in mouse and human. Curi-
ously, RGS2 appears to be absent in CD8" T cells. RGS5
was only weakly expressed by CD4" T cells, ConA blasts
and peritoneal macrophages, while no message was found
in IL-2-activated NK cells or NK cell lines. RGS16 was
detected in all lymphocyte subsets and in granulocytes, but
not in macrophages or the basophilic leukaemia RBL-2H3.
We detected RGS18 in macrophages, mast cells, B cells, and
NK cells but not in T cells or granulocytes. The most sur-
prising finding was the discovery that RGSS8, recognized as
a brain specific RGS in rat and not previously detected in
immune cells, was selectively expressed only in NK cells
and not in any other leucocyte subset studied.

Protein expression of RGS2
RGS proteins are expressed at low endogenous levels in

resting cells, and this fact, combined with the lack of
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Figure 2. Expression of endogenous RGS2 protein in rat leucocytes.
(a) Immunoblotting of transiently transfected RGS2-HA in 293T
cells, with HA antibody (right panel) and RGS2 antibody (left
panel). Lysates were separated on a 12-5% SDS-PAGE gel. (b) Sub-
sets of rat leucocytes were lysed and separated on a 12:5% SDS-
PAGE gel (1-5x 10° cells/well). Immunoblot analysis of RGS2 was
performed with anti-RGS2. The approximate molecular weight of
the bands is indicated. The blot is representative of four independent
experiments.

good quality antibodies, makes studies of endogenous
RGS proteins difficult. We have had some success using
antibodies towards RGS2, and therefore sought to study
the protein expression of RGS2 in NK cells. We first
determined the approximate size of rat RGS2 by transi-
ently transfecting 293T cells with an RGS2 construct
tagged to HA. We detected a band around 33 000 MW,
using antibodies towards the HA-tag or RGS2 itself
(Fig. 2a). This size corresponds with results from other
groups, reporting a single or double band around 30 000
MW?*?! although the predicted size is 24 000 MW. We
next determined the expression of endogenous RGS2
protein in NK cells, and compared it with other rat
leucocyte subsets (Fig. 2b). Although both freshly isolated
and IL-2-cultured NK cells, as well as the RNK-16 cell
line, expressed RGS2 mRNA, we failed to detect signifi-
cant levels of RGS2 protein in both freshly isolated NK
cells and RNK-16 cells. This also applied for the other
leucocyte subsets tested. However, RGS proteins are
known to be expressed at almost undetectable levels in
resting cells. In contrast, NK cells cultured in the presence
of IL-2 expressed high levels of RGS2, indicating that
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long-term activation of NK cells with IL-2 may up-regu-
late or stabilize RGS2 protein expression. An increase in
RGS2 protein was also observed after activating T cells
with either IL-2 or ConA. We consistently detected a
band around 45 000 MW with the RGS2 antibody in
RNK-16 cells, as well as in other cells tested, which is not
present in the IL-2-activated NK cells. This pattern was
also observed using another RGS2 antibody obtained
from a different supplier (data not shown). We do not
know the nature of this band, and it is present both in
reduced and non-reduced samples (data not shown). It
could either represent a modification of the protein, or a
nonspecific band. Further protein analysis of other RGS
proteins awaits the availability of RGS antibodies.

Localization of RGS in NK cells

In order to further study RGS proteins in NK cells, we
studied their intracellular localization by confocal micro-
scopy. Consistent with the low protein expression of RGS2
detected by Western blotting, RNK-16 cells stained only
weakly for RGS2. However, we determined its expression
to be predominantly in the cytoplasm (Fig. 3a). The same
localization was observed in IL-2-activated NK cells, with
a clear localization to the cytoplasm, but not to the nuc-
leus (Fig. 3b). The staining of RGS2 was much brighter in
these cells, correlating with the higher amount of RGS2
protein detected by immunoblotting (Fig. 2b). We further
investigated the localization of the NK-cell specific RGS8
protein. RGS8 was tagged to HA and stably transfected
into RNK-16 cells. RNK-16.RGS8-HA cells were stained
with an antibody towards the HA-tag, and we thus deter-
mined its localization to be predominantly in the cyto-
plasm (Fig. 3c), as observed for RGS2.

Ly49 receptors modulate RGS expression

Previous studies have shown that the B-cell receptor or
TLR can modulate the expression and function of RGS
proteins.'>'® The activating Ly49D and inhibitory Ly49A
receptors on NK cells both recognize the major histocom-
patibility complex class I molecule H2-D". However, they
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RNK-16.RGS8-HA

Figure 3. Intracellular localization of RGS2 and
RGS8. Confocal fluorescence images of (a)
RNK-16 cells, and (b) PVG LAK cells stained
with anti-RGS2 (1 :1000), and (c) RNK-
16.RGS8-HA cells stained with anti-HA
(1:1000). Images were collected on a Leica
TCS confocal microscope using a 100x oil

anti-HA immersion lens.

elicit different responses upon ligation, either activating
(Ly49D) or inhibiting (Ly49A) target cell lysis.>®** We
investigated whether the Ly49D or Ly49A receptors could
affect RGS mRNA expression in NK cells, using a xeno-
geneic system where either the mouse receptor Ly49D or
Ly49A was stably transfected into the rat NK cell line
RNK-16. In this way, we were able to ensure that only
the Ly49D or the Ly49A receptor would be triggered.
RNKI16.Ly49A or RNKI16.Ly49D cells were stimulated
with crosslinking antibodies for 1-18 hr, after which RNA
was extracted. RT-PCR was performed using specific
primers for RGS1, RGS2, RGS8, RGS16, and RGS18. We
detected a rapid twofold increase of RGS2 message within
hour of crosslinking Ly49D (Fig. 4a, b). Apart from
RGS2, we detected a reduction of RGS8 message to about
half basal levels after 1 hr, which was restored after 6 hr
(Fig. 4b). No other significant changes were observed
after Ly49D stimulation. As observed for Ly49D, cross-
linking the inhibitory Ly49A receptor led to a rapid
increase in RGS2 message, which was even higher than
after Ly49D crosslinking (Fig. 4a, b). Also, we found a
threefold induction of RGS18 mRNA after 18 hr of acti-
vation, and a 1-8-fold induction of RGS16 mRNA after 1
and 18 hr (Fig. 4b). No significant changes in mRNA lev-
els were found for RGSI or the control CD45 after cross-
linking either receptor. We also tested whether RGS5,
found in freshly isolated NK cells but not in RNK-16
cells, could be up-regulated by triggering the Ly49 recep-
tors. No mRNA for RGS5 was detected (data not shown).
The effect of Ly49 activation on RGS2 protein levels was
also tested. We detected an increase in the appropriately
sized band (~33 000 MW) beginning 1 hr after crosslink-
ing Ly49D or Ly49A, which was sustained for the dur-
ation of activation, up to 18 hr of receptor cross-linking
(Fig. 4c). We further tested by confocal microscopy
whether stimulation of Ly49D would lead to relocal-
ization of RGS2 from the cytoplasm, but we could detect
no such changes (data not shown). Differences in
RGS2 protein and mRNA baseline expression were
found in RNK-16.Ly49D and RNK-16.Ly49A cells, which
we believe could be a result from clonal variations of
RNK-16 cells.
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Figure 4. Regulation of RGS proteins by Ly49 receptors. (a) RNK-16.Ly49D or RNK-16.Ly49A cells were stimulated with crosslinking F(ab),
12A8 antibodies for 0-18 hr. RNA was extracted and subjected to semiquantitative RT-PCR with primers specific for various RGS proteins or
CD45. PCR was performed with suboptimal cycles (described in Materials and Methods). PCR products were fractionated by agarose gels fol-
lowed by ethidium bromide staining. Data shown are representative of five independent experiments. (b) Quantification of relative mRNA levels
at the time points shown in (a) and two additional experiments. Relative RGS mRNA levels were determined by Kodak 1D Image Analysis soft-
ware, and band intensities measured at the 0 hr time point was set to 1. Data show the fold change in RGS mRNA levels relative to the unstimu-
lated cells. Statistical analysis by Student’s t-test: RGS2 1 hr Ly49D P < 0-02, RGS2 1 hr Ly49A P < 0-04, RGS8 1 hr Ly49D P < 0-006, RGS16
1 hr Ly49A P < 0-03, RGS18 18 hr P < 0-009. (c) RNK-16.Ly49D or RNK-16.Ly49A cells were stimulated for 0—18 hr with crosslinking of 12A8
F(ab), antibodies (12A8), and directly lysed in 2X lysis buffer. RGS2 protein expression was determined by separation on 12-5% SDS-PAGE gel
and blotting with anti-RGS2 1 : 1000. Data are representative of three independent experiments.

25-27

specific RGS with high expression in megakaryocytes

Discussion and no expression in mature lymphoid lineages.”® In addi-
RGS proteins have been identified as proximal regulators tion to macrophages and RBL-2H3, we were also able to
of the G-protein coupled receptor signalling pathways. detect expression of RGS18 in NK cells and in B cells.
Although NK cells express a number of G-protein cou- Others have also recently detected RGS18 in lymphocyte
pled receptors, such as receptors for chemokines and lyso- populations,'®*® indicating that it has a broader expres-
phospholipids®** the expression of RGS proteins in NK sion pattern than first appreciated. The most interesting
cells has not yet been addressed. In this paper, we dem- finding was the selective expression of RGS8 by NK cells
onstrate that NK cells express six members of the B/R4 but not by any other leucocyte subset examined. RGS8 has
subfamily of RGS proteins; RGS1, RGS2, RGS5, RGSS, previously been identified as a neuronal tissue specific
RGS16, and RGS18. protein, where it controls K" and Ca*" currents.”®* NK

We compared the expression of RGS proteins in NK cells account for only a small percentage of the total lym-
cells with other leucocyte subsets from rat, as RGS pro- phocyte population in blood or spleen, and this may
teins have not previously been studied in rat leucocytes. explain the previous failure to detect RGS8 in pooled

RGS18 was originally reported as a myeloerythroid lineage lymphocytes. The significance of an NK cell specific RGS
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molecule is not clear at the moment, but studies are under-
way to further investigate the role of RGS8 in NK cells.

The intracellular localization of RGS proteins varies
considerably among family members, and also between
different cell types. Localization of individual RGS pro-
teins can not be easily predicted in different cell types,
and expression has been demonstrated in the nucleus, in
the cytoplasm, in intracellular vesicles and at the plasma
membrane.'” Ours is one of few studies that address the
localization of endogenous RGS2, and we find a clear
cytoplasmic localization of endogenous RGS2 in NK cells.
Previous studies of RGS2 localization have indicated a
nuclear localization. However, these studies were per-
formed using RGS2-GFP transfectants® and fusing pro-
teins with GFP may influence subcellular localization.

RGS2 has been described as an early activation gene®
implicated in controlling the levels of the second messen-
ger cAMP.”" In NK cells, the level of cCAMP is important
for proper cytotoxic responses, with high concentrations
of cAMP inhibiting cytotoxicity.”® The rapid up-regula-
tion of RGS2 message and protein by both the inhibitory
Ly49A and the activating Ly49D receptor could be an
important mechanism to fine tune the cAMP concentra-
tion. We have previously shown that Ly49D or Ly49A sti-
mulation induces a decrease in chemotaxis towards the
chemokine CXCL12.” Ligation of the inhibitory Ly49A
had a broad influence on RGS mRNA expression,
up-regulating RGS2, RGS16 and RGS18 mRNA. It is
tempting to speculate that Ly49A can indirectly inhibit
GPCR events by modulating the levels of certain RGS
proteins. Similar work has shown that activation through
the B-cell receptor, T-cell receptor, TLR or the tumour
necrosis factor-o receptor, leads to either up-regulation or
down-regulation of certain RGS molecules at both the
mRNA and protein levels, and may be correlated with
chemotactic responses.'”'>'®>> These results, together
with our own, suggest that receptors other than
G-protein-coupled receptors are able to regulate the
expression, and possibly function, of RGS proteins.

In conclusion, we report here the first identification of
RGS proteins in NK cells. We demonstrate that both the
Ly49D and Ly49A receptors regulate RGS expression.
Ly49 receptor-induced changes in RGS molecule expres-
sion may function to regulate NK cell responsiveness to
lymphoid chemokines and thereby help direct cell-posi-
tioning events. In the future, it will be interesting to study
whether Ly49 receptors, through their actions on RGS
proteins, can modulate not only chemotaxis but also
other GPCR mediated events such as Ca* flux and cAMP
generation, which are important for cytolytic activity.
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