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- SUMMARY

Stimulation of G-protein or tyrosine-kinase coupled receptor by hormones
or growth factors regulates cell growth through the way of intracellular Ca?*
(Ca?*)) signaling. Inositol 1,4,5-trisphosphate (IP;)-induced Ca?* release
(IICR) through IP; receptor channel is an important trigger for the Ca2*;
handling. In VSMCs, type-1 (IP3R;) and type-3 (IP;R;) IP3; receptor are
detected by immunoblotting. However, their contribution for Ca?* handling
and cell proliferation is unclear. In this study, only the functional antibody to
IP;R; (IP3R; Ab), but not the antibody to IP;R3; (IP3R3Ab) microinjected into
A7RS5 was capable to block the vasopressin-induced IICR. Transfection of the
antisense-DNA coincided with IP;R; and IP;R; gene into A7rS successfully
blocked the expression of the receptors in 30-40% transfected cells.
Functionally, expression of IP;R; antisense DNA inhibited completely or
partially IICR and cell proliferation. Blockade of the expression of IP;Rj;
antisense DNA neither significantly changed an agonist induced IICR, nor
effected cell growth. But, the stable colonies transfected with IP;R; antisense
DNA demonstrated a decrease in capacitative Ca?* entry response to
thapsigargin and slow in cell proliferation. It is concluded that in VSMCs
IP;R; plays a more important role than IP;R; in the agonist-induced IICR and

cell proliferation.

KEY WORDS: Inositol 1,4,5-trisphophate receptor, Ca>* dynamics, Proliferation, Vascular
smooth muscle cells, Antisense DNA, Transfection
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INTRODUCTION

In many cells, hormones, neurotransmitters, and growth factor stimulate a receptor
coupling with G-protein or tyrosine-kinase and activate the phospholipase C. Phospholipase
C catalyses the production of inositol 14,5-trisphosphate (IP;) from membrane lipid
phosphatidylinositol 4,5-biphosphate (1). IP; is a second messenger to cause IP3-induced
Ca2* release (IICR) from the internal Ca2* store. IICR forms an initial intracellular Ca®*
~ (Ca?*,) rise and is also an important trigger for the subsequent capacitative Ca%* entry (2-3).
The Ca?*; rise caused by IICR is the most versatile and universal signalling and is crucial for
controlling fertilization (4-5), development (6), differentiation (7), and cell proliferation (8, 9).
In mammals, there are at least three different IP; receptor gene, each of which, in turn, is
spliced into three isoform respectively at least (10). In most organ, several types of IP;
receptors are coexpressed at different ratios (11). Of three types, type-1 (IP3R;) is most
generally distributed (10). In central nervous system, IP3R; is a predominant type and is
proven to be essential for the development of grdwth cones (10, 12). While type-3 (IP3R3)
would play a role in store-operated or capacitative Ca®* entry, insulin secretion in pancreatic
islets, and initiation of Ca?* signalling (13-17). However, in nonexcitable cells, their
contributions to proliferation are unclear.

In vascular system, we detected only IP3R; in endothelial cells and both IP;R; and IP3R5
in smooth muscle cells (VSMCs, our unpublished data, 18). Although it is reported that both
IICR and Ca?*-induced Ca2* release (CICR) mechanism are operated for Ca®* dynamics in
VSMCs, we found that only IICR is a dominant way for internal Ca?* in A7r5. A few
fundamental studies showed IP;R; and IP;R; have different affinity to their receptor and are
differently regulated'by Ca2+ (11, 19-21). In this study, we aimed to clarify the functional
differences between IP3R; and IP3R; in ‘Ca?* handling and in cell proliferation. Since the
proliferation of VSMCs is a key step in the process of arteriosclerosis, especially during
coronary restenosis after angioplasty, elucidation of these differences are very meaningful (22-
25). '

We succeeded in blocking the vasopressin (VP)-induced Ca?*; response by microinjection
of specific IP;R;Ab and IP;R3Ab in A7rS. However, it was a failure to follow the growth in
the microinjected cells due to the difficulties in determining the position of an injected cell and
 the possible cell damage. Furthermore, we transfected two types of antisense DNA coincided
with the genes of IP;R; and IP3R;, respectively, into VSMCs to block the expression of the
receptors. Under the guidance of cotransfected green fluorescent protein (GFP) which has
been proven to be a stable reporter, we found the antisense DNA to IP3R; gene partly or
completely block IP;R; expression and inhibit IICR in 40% successfully-transfected cells. In
those IICR-inhibited cells, we observed the stop in cell proliferation by serial
photomicrographs follow. While 35% transfected cells with the antisense DNA to IP3R3 gene
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showed a partly or completely blocked expression of the receptor. However, the blockade had
no effect on VP-induced IICR and also did not significantly change the cell proliferation. In
stable transfection colonies with IP;R; antisense-DNA, the cell showed a slow cell

proliferation.

MATERIAL AND METHODS

Cell Culture

VSMCs (A7r5) were grown and passaged in Dulbecco’s modified eagle medium (DMEM)
containing 10% fetal bovine serum (FBS) and 1% antibiotic-antimycotic (Gibco-BRL), as
described previously (26-29). They were seeded in a dish made of fluorescence-free glass
chamber for microinjection and the assay of Ca?*;. In the case of transfection and
photomicrographs monitoring, the cells was seeded and cultured on a CELLocate coverslip
(Eppendorf, 175 pm in diameter) which was placed in the chamber. In the case of stable
transfection, they were cultured in a dish of 10 ct in diameter. The cells of 4~12 passages

were used in the study.

Antibody Preparation and Immimoblotting

Three péptides were synthesized according to the amino acid sequence of the cytosolic C-
terminal domain deduced from the cloned cDNA of human type-I (IP3R,), -II, and -III IP,
receptor. The sequence GHPPHMNVNPQQ for type-I is preserved in most species including
human, rat, mouse, and Xendpus oocyte, and is working for Ca2+ release (5, 6, 30). The
employed amino acid sequences for type-Il and -III were LGSNTPHVNHHMPPH and
RQRLGFV DVQNCISR, respectively. The sequences of the corresponding domain in rats are
identical except for substitutions of the underlined residues. All polypeptides were synthesized ‘
with an additional cysteine at their N- or C-terminal to facilitate the coupling reaction. The
conjugated with epitope peptide polyclonal antibodies from New Zealand white rabbits (n = 6)
to three types of IP3 receptor were purified by affinity chromatography and were concentrated
up to 10 mg/ml. The specificity of these antibodies was determined by immunoblotting, as we
have described previously (31, 32). After solubilizirig whole homogenate of rat brain, A7r5
and Chinese hamster ovary cells, sodium dodecylsulfate (SDS)-polyacrylamide gel
electrophoresis was performed in 6% gels.

Cell Microinjection
Dulbecco’s phosphate-buffered saline (PBS) which contained 137 mM NaCl, 2.7 mM
KCl, 8.1 mM Na,HPO,, 1.5 mM KH,PO,, 1 mM CaCl,, and 0.5 mM MgCl, (pH 7.4) was
utilized as the extracellular medium. Ca2* free medium consisted of PBS in which CaCl, was
replaced by EGTA (1 mM). After loading fura-2AM (4 uM, Molecular Probes) for 40 min,
A7r5 were rinsed and incubated in Ca?+/Ca2+-free PBS. To assess an adverse effect of the
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microinjection (Eppendorf 5171 micromanipulator and 5246 transjector, Hamburg)
procedure, 400 uM unesterified fura-2 (Molecular Probes) was added to the following
substances and 1n_|ected into perinuclear cytoplasm of VSMCs: 1) the vehicle for
microinjection, containing 48 mM K,HPO,, 14 mM Na,HPO,, and 4.5 mM KH2PC')4 (pH
6.9); 2) normal rabbit IgG; 3) IP;R, Ab; and 4) IP;R;Ab. The antibodies were dissolved in
the vehicle. The injection time was fixed to 0.1 sec. A successful injection was verified by a
stirring wave in cytoplasm and a further increase in cell fluorescence due to the injected fura-2.
The injection volume into a cell could be controlled by changing the agent concentration and
injection pressure (5~80 mmH,0). The injected substances were estimated to be diluted to
approximately 50 to 200 fold, according to the intensity increase of the fluorescence. Since
multiple injections result in cell damage, no more than one injection was given to a cell. In
some cells, a s1gmflcant leakage of fura-2 was detected immediately after the injection by a
reduction of emission fluorescence. These cells were considered to be damaged and excluded
from the study When no significant drop of fluorescence was observed in a cell within 5 min
after the injection, the medium was changed to PBS containing 1 mM Ca?* and incubated for

additional 30 min to stabilize the injected cells.

Construction of Vector

The 100 bases (from nucleotide position -90 to +9) of the gene for rat IP3R; or IP3R3
cDNA (according to the sequence of Genebank g204673 and 106096 , respectively) were
synthesized (Takara, Japan). This region spans the translation initiation site and shares no
homology between these two receptors. Two-strands DNA was generated and amplified by
the polymerase chain reaction (PCR). The used upper and lower primers are 5’-
caaggagctgactaca-3’ and 5°-gtcagacatgtccttg-3’ for IP3R, and 5’-tttccgcccagegegege-3” and 57-
ticattcatggctttg-3’ for IP3R;. The PCR product was subcloned into the vector pPOPRSVI/MCS
(Stratagene) in an antisense or sense orientation. The orientation and sequence of inserts were
confirmed by using an Applied Biosystems automated DNA sequencer. '

To follow the VSMCs proliferatioh,’ we inserted the same fragment of IP3R; or IP3R3
DNA into pTracerTM-SV40 in an antisense or sense orientation. This vector owns no

probability that above pOPRSVI/MCS insert and reporter pGreen Lantern' V! were transfected
into different cells and therefore is simple for identification. However, it is unsuitable for

Ca?*; measurement as an interfering excitation wavelength to fura-2.

Transient and Stable Transfection of VSMCs
The VSMCs were transfected at 40-60% confluence in serum-free medium by using the

mixture of O. 67 ug of cloning vector w1th an insert of antisense cDNA, 0.67 ug pGreen

I_.antemTMI plasmid, and 0.33 ul of lipofectin reagent (Gibco-BRL) per 1.2 mm-diameter dish.
For all experiments, the following transfection controls were also performed: (1) sense IP3R;
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or IP;R; DNA with pGreen Lantern ™! and (2) pGreen Lantern’ ! only as a mock
transfection. Twelve~24 hours after transfection, the cells were gently rinsed with PBS for 2
times in order to remove the residual extracellular DNA. Then, the medium was changed to
the DMEM containing 10% FBS and 1% antibiotic-antimycotic. The cells were used in
experiment at 24-48 hours after the medium change.

In the case of stable transfection, VSMCs were transfected at 30%-40% of confluence in
serum- and antibiotics-free DMEM by using 6 pg of cloning vector with an insert of antisense
or sense cDNA and 15 ul of lipofectin reagent per 10 cm-diameter dish. One day after
transfection, the cells were washed with and cultured in DMEM containing 10% FBS and 1%
antibiotic-antimycotic. Two days after medium change, the cells were subcultured into dishes
of 60-mm -diameter at the ratios 1:5-8 in selection medium which consist of DMEM with 10%
FBS and 400 png/ml G418 (Gibco-BRL). The concentration of G418 used has.been previously
determined as the lowest concentration which caused death of all non-transfected VSMCs
within 2 weeks. The G418-resistant colonies were allowed to develop for 1~2 weeks in the
G418-containing medium. Single colonies were isolated to separate dishes and passaged in
the medium containing 50-200 pg/ml G418. The transfected VSMCs kept stable deficiency in
IP;R, or IP;R; expression in several weeks, as long as the presence of G418. The cells in

2~6 generations were used for experiment.

Measurement of Ca?*; Concentration

After microinjection, the Ca2*; responses of injected and uninjected ECs in the same
observation field were individually analyzed by the 2D Ca?*; imaging system, as reported
previously (26-29). The cells were stimulated with VP (3 uM, Sigma) or thrombin (10 U/ml,
Sigma). We designated a VSMCs whose peak F340/F380 increased more than 15% of the rest
F340/F380 as a responser, because some technical factors in measuring fluorescence intensity
induced +5% of fluctuation. In a part of the study, ionomycin (IM, Sigma) and thapsigargin
(TG, Sigma) were employed at the end to confirm. the preservation of normal Ca2*; handling.

From twenty-four hours after transfection, thecells of successful transfection was
recognized by their exciting blue light under FITC filter. After loading fura-2AM (4 uM) for
40 min, the VSMCs were stimulated under UV filter by VP (3 uM) or thrombin (10 U/ml) in
the absence of extracellular Ca2*. These two agonists evokes the rise in Ca®*; in VSMCs in an
IP;-dependent way and therefore can be used to test the functional IICR changes in the
transfected cells. The Ca2*; responses of transfected and untransfected VSMCs in the same
observation field were individually analyzed by the 2D Ca?+; imaging system, as reported
previously (11, 12).

The absolute concentration of Ca?*; was calculated by comparing the fluorescence ratios at
both wavelengths obtained at the maximum Ca?*; (achieved'by lysing the cells and saturating
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fura-2 with Ca2+) and minimum Ca2*; (achieved by chelating all free Ca?+ with EGTA) using
the equation: Ca?+; = Kd X (R-Rmin)/(Rmax-R) X Sf2/Sb2. K4 is the dissociation constant
(224 nM for fura-2) and Rmin and Rmax are the F340/F380 ratios of the Ca2+-free and Ca?+-
bound forms. Sf2/Sb2 is the ratio of the fluorescence values at 380 nm excitation determined

at Rmin and Rmax, respectively (33).

Immunocytostaining

VSMCs, grown on CELLocate coverslips, were rinsed with PBS and then fixed in the
same buffer - plus 3.6% paraformaldehyde. All subsequent steps were performed in
Ca2+/Mg2+-free PBS; cells were washed once for 2 min, permeabilized with 0.5% Triton X-
100 (Sigma) for 10 min, and washed 3 times (5 min/wash). Endogenous peroxidase activity
was reduced in MetOH with 0.3% H,0O, for 10 min. Nonspecific staining was reduced by 2%
milk powder for 15 min before the cells were incubated with [P;R;Ab (x 200y or'IP3R3Ab (x
1,000) in the presence of 10% goat serum for 1 hour at room temperature. Then, the cells
were incubated with biotinylated goat anti-rabbit or anti-mouse IgG (Vector Labs, CA) for the
IP;R; or IP3R; staining, respectively. Subsequently, pefoxidase labeling was carried out with
an avidin-biotin complex (Vector Labs, CA) and visualized by 0.05% 3, 3’-diaminobenzidine
(Dojin, Japan) in PBS with 0.01% H,0,. The coverslips were finally counter-stained with
hematoxylin, dehydrated, and mounted. To define nonspecific staining, all control studies
were carried out by normal rabbit or mouse IgG in the same protein concentration.

Monitoring of VSMCs Growth by Photomicrographs:
To observe the changes in cell proliferation, the photomicrographs of GFP positive-cells
and phase-control were taken every 12-24 hours, from 24 hours after transfection till 5-7 days.

RESULTS

Expression of IP;R; and IP3R; in VSMC's

An immunoblotting showed that IP;R;Ab reacted with a single 260 kD band in rat
cerebellum membrane fraction and whole homogenate of cultured A7r5 (Fig. 1). Also,
IP;R;Ab reacted with a single about 260 kD band in whole homogenate of A7r5. In contrast,
type-II IP; receptors was not detected in A7r5, although they were positive in CHO cells. On
the other hand, pharmacological study using Ca?*; dynamics of cultured VSMCs revealed that
A7r5 weakly responded (7%) to caffeine (3~60 mM), with or without the pretreatment of
ryanodine (10~60 uM, data not shown). These results suggest that CICR is not mainly
working for the Ca2*, handling, and IICR mediated by IP3R; and IP3R; could be a major

source of the Ca’*; release.

Ca2+; Dynamics in VSMCs Microinjected with IPsR;Ab or IP;R3Ab
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Microinjection of IP;R;Ab (10 mg/ml), but not IP;R3Ab (10 mg/ml) could inhibit the VP-
induced Ca?*; responses, including both IICR and CCE (Fig. 2). :

Immunocytostaining of IPsR; and IP;R 3 in Transfected VSMCs.

About 17% cells showed a successful transfection as observed as bright blue light. Of all
GFP-brilliant cells, a part of the antisense-DNA transfected cells showed a partial reduction
(17%) or complete disappearance of IP3R; (17%, 23%) or IP3R3 (13%, 22%, Fig. 3). While
the surrounding cells of the antisense-DNA transfected, the whole cells of sense-DNA
transfected, and the only GFP-transfected cells demonstrated a normal staining, indicating the
reduced expression of IP; receptors were specific to IP3R; or IP;R3 antisense. This reduced
expression was most evidenced during 24-48 hours, still significant until 5-7 days (data not

shown).

Ca2+; Dynamics in VSMCs Transfected with Antisense-DNA of IP3R; or
IP3R;

Of all the brilliant cells transfected with antisense-DNA of IP;R;, about 16% and 23% cells
showed an attenuated or completely-blocked Ca?*; response to VP (3 uM) or thrombin (10
U/ml), correctly consistly with the immunocytostaining results described above. These
attenuation or blockade of Ca2+; responses of transfected VSMCs to the agonists continued
until 5-7 days follow after transfection (Fig. 4a).

While all the cells transfected with antisense-DNA of IP;R; showed a normal Ca?*;
response to VP (3 uM) or thrombin (10 U/ml). These unchanged Ca2+; responses of
. transfected VSMCs continued until 5-7 days follow (Fig. 4b). '

Serial Photomicrographs Follow of Cell Growth in Transfected VSMCs

In the experiment of IP3R, the cells cultured on a CELLocate coverslips were placed in the
ZOG-2 chamber. Ca?* measurement was carried out to choose the cells that was used to
follow must be of efficient inhibition of IICR. The cells showing complete (<10% of response
in control cell) or partial (11~95% of response in control cell) inhibition of IICR was followed.
During follow, the cells with complete inhibition of IICR demonstrated a complete stop of cell
proliferation, as compared with adjacent cells. The cells with a partial inhibition of IICR
exhibited a retarded growth (Fig. 5). The GFP-transfected cell kept the normal ability in
proliferation, as showed by the increasing number of the cells exciting a bright blue light
during follow of only GFP-transfected cells. In the cell transfected with antisense DNA of

IP;R3, no such changes in cell growth was observed.

Further Identification of Important Role of IP;R; in Proliferation by Cell

Selection
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Compared with IP;R; sense-DNA transfected cells, of the IP3R, antisense-DNA
transfected cells, no G418-resistant colony occurred during first week after transfection. Up
to 2-3 weeks, there was a few very small colony. These colonies a showed much reduced
immunocytostaining of IP;R; and a weak Ca?* response to the agonists (Fig . 6).

While in IP;R; antisense-DNA transfected ceils, many colonies occurred during first
week. These subcultured cells showed much reduced IP;R5 staining in immunocytostaining,
a little weak capacitative Ca2* entry response to thapsigargin, and a significant down in cell

proliferation (Fig . 7).

DISCUSSION

In Drosophila, that only IP3R; is existed make it can be used for functional analysis after
knock-out of the receptor gene. In result, knock-out of the receptor gene caused a great retard
in growth and differentiation (7). In some mammal cells, for example, in neuron, IP3R; is
abosolutely dominant . It has been proven that lackmg IP;R,; caused an ataxia and epileptic
seizures in mice (12, 34). Recently, in the level of single culture neuron, Mikoshiba group has
further proven that IP;R, is essential for the development of growth cones (12). In pancreatic
islet (13), it is reported that IP;R5 is main typé and is contributed for insulin excretion.

However, it is difficult to analyze the difference in function in the cells which coexpressed
several types of the receptor. By using antisense technique, it has been proven that the IP;R;
is crucial also for T-cell antigen receptor signaling and IP;R; is increased in B and T
lymphocyte apoptosis by causing capacitative Ca2+ entry (17, 35). VSMCs coexpresses
IP;R; and IP3R3 (25). The formeris a dominant type and its expréssion is increased in elderly
(23). We also showed that IP;R, expression is increased in the neointima of VSMCs of rat
arteriosclerosis model (unpublished data).

Both IP3RlAb and IP;R;Ab we used are capable of functional blocking of C-terminal Ca*
channel domain. But, only microinjected IP;R; Ab blocked agonist-evoked Ca2+; response in
VSMCs. Furthermore, microinjection of IP;R;Ab or IP3R3Ab has failed to discover any
change in cell growth, probably due to the potential cell damage. Most monoclonal antibodies
do not functionally inactivate the antigen they recognize. Recently, this limitation can be
overcome by localized chromophore-assisted laser inactivation (12, 36) of specific antibody-
linked proteins. However, CALI also need the delivery of antibody into cytoplasm by
microinjection and thus owns the same limitation to microinjection in which a potential cell
damage will confuse the real effects of CALI. Microinjection or combined with CALI may be
more suitable for a short-time analysis of a protein function than for a long-time follow up of
the influence on cell growth. The injected antibody into cytoplasm will be metabolized within
hours and new profein is continued to be synthesized from gene expression. But, multiple

microinjection and laser irradiation can not be given to a cell repetitively.
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On the other hand, functional analysis in a knock-out mice might be influenced by some
compensatory mechanism (34). Although no significant increases in the expression level of
IP;R, and IP;R; in mice lacking IP3R;, that a gross anatomy appeared normal in many organs
indicates the compensatory mechanism may be operated by unknown type of IP; receptor, for
‘example, putative type-4 or type-5 (34).

Therefore, for a long-time follow up, expressed antisense technique without cell damage
may be more suitable. Our study did overcome a major limitation of this technique that it is not
effective in all transfected cells, by selecting the successful cells only. We selected the cell
with successful transfection by confirmation of a loss of the receptor in immunocytostaining
and an abolishment of functional IICR on 2D imaging of Ca2*; response. Of course, a
complete inhibition of IICR resulted from disappearance of IP;R; may lead a complete stop in
cell proliferation. A part of transfected cells showed a different extent in the inhibition of both
receptor expression and functional IICR. The cells those with partial inhibition also show the
decreased proliferation. " ’

GFP has a compact structure which make it is very stable under a variety of conditions,
including treatment with protease (37-38). In this study, we found that GFP expressed stably
during 1-2 weeks in A71S in a control experiment. Therefore, we followed the changes in cell
proliferation by the number of cell with brilliant blue light after confirming the changes in
Ca?+; handlings.

In VSMCs, Ca?*; response to G protein-coupled agonist stimulation consists also of an
IICR and the subsequent capacitative Ca2+ entry, as identified by microinjection. Although in
VSMCs, the real action on proliferation is IICR or CICR is unclear (1, 9, 39). It is possible
that CCE is more important than IICR for proliferation. As IICR is a crucial trigger for CCE,
it is proper to conclude that IICR directly control the VSMCs pfoliferation.

Also, a few data has showed that in elderly or the neointima of atherosclerotic plaques, the
IP;R, expression is potentiated (23). From our results, we further get hint for control of
VSMCs contraction by decreasing intracellular IP;R; expression and thus decreasing Ca?*;
concentration. Also, decreasing IP;R; expression may be an effective way to inhibit VSMCs
proliferation in the coronary artery restenosis after PTCA (40). Especially, the cell showing a
partial inhibition of IICR also resulted in the inhibition of proliferation. Physiologically, some
inhibitor of IICR, such as endothelium-derived nitric oxide, also inhibit IICR partially (29).
So far, L-type Ca2+ channel antagonists capable of block Ca2+ influx have been proven useful
for inhibiting VSMCs growth or some refractory cancer (8). It may open a new era for
controlling the proliferation of VSMCs by partially inhibiting [ICR in VSMCs.
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