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Ca’” is known to be required for mitogen-mediated lymphocyte achvahon In order to further define the regulnlory role
of Ca?*, we have examined the amvanor events which occur ol with i ycin (a Ca’ as

pared to those i A (Con A) trearment of mouse splenic T-lymphocytes. Our results
indicate that ionomycin and Con A mdnce the exposure of both interleukin-2 (IL-2) and insulin receptors on the surface
of the lymphocytes within the first 5 min of treatment. The exposed insulin and 1L-2 receptors have the following
properties: (1} they consist of both high- and low-affinity receptors; and (2) they appear on the cell surface in small
chisters (i.e., patches) or, occasionally, a large aggregate (i.e., cap). c-myc gene oxpression and DNA synthesis occur in
both the imomycin and Con A-treated lymphocytes when either IL-2 or insulin is present in the culture medium.
Fi p of both h can be i by either EGTA (a Ca®* chelator), bepridil (a
Ca?* channel blocker), W.7 (a calmoduli ist) or hal: D (a microfilament inhibitor). Treatment with
these inhibitors also blocks the expression of c-myc gewe ard DNA synthesis which occur at later times during 11.-2 and
insulin-induced activation of ionomycin- and Con A-treated lymphocytes. These findings sugpest that a Ca** and

ealmodulin-medlu(ed commtlle syslem IS involved in the exposure of certain hormone receptors which appear to be

q! for

Introduction

One of the req; for the i is
the activation of differentiated lymphocytes (le un-
dergo blast formation and mitogenesis) [1-13]. Specifi-
cally, T-lymphocytes are activated when they bind with
mitogens such as Con A and PHA, or with antibodies
such as anti-Thy-1 antibody {1-5]. B-lymphocytes can
be activated by binding with the mitogen, lipopoly-
saccharide (LPA), or with anti-immunoglobulin anti-
body {2,6~11].

Lymphocytes are known to undergo a cascade of
biochemical and morphological changes during mite-
genesis [12,13]. In unstimulated mouse splenic lympho-
cytes, hormone receptors are not detected on the cell
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surface [14]. One of the carlier changes to occur during
mitogenesis is the exposure of certain hormone recep-
tors. such as the IL-2 and insulin receptors [15-17].
1L-2 receptors have been detected within 6-12 h and
insulin receplors within 24-48 h, following mitogenic
stimulation [15-17]. Recently, however, we have found
that Con A can induce the exposure of both IL-2 and
insulin receptors as carly as 5 min following mitogenic
stimulation [18]. The binding of certain growth factors
and hormones (c.g., 11.-2 and insulin) to their receptors

is to be ial for lymph prolifera-
tion and dnfl’erenuauon [19-25]. However. the regu-
latory h respoisible for inducing the ex-

posure of lymphocyte hormone receptors during activa-
tion are not well-understood.

Calcium ions appear to play an important role dur-
ing cell activation by transmitting signals from the
molecules in the plasma membranes involved in surface
b ition to the intracellul p
for producing the functional resp s) [26—28]. For
example, many hormones exert their effects on target
cells in part by raising the Ca®* concentration in the
cytoplasm [Ca’*], thus activating Ca’*-dependent
enzymes that direct cellular responses [18,29]. Tn par-
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ticular, it has been suggested that Ca* together with
inositol lipids [30] and protcein kinase C [31) may account
for @ number of the transient cellular responses that
oceur during hormone action and cell proliferation.
Calmodulin is an ubiquimus Ca®*-binding protein
that regulates a variety of Ca®*-dependent cel]ular ac-

drated through cthanol and embedded in Epon 812.
Ultrathin sections were obtained on a Sorvall MT2-B
microtlome using a diamond knife, then stained with
uranyl acetate and lead citrate. In some cases. ultrathin
sections were not treated with any staining reagents
such as acetate and lead citrate in order to obtain a

tivities {32]. A number of Ca**/calmodulin-d
enzymes are involved in the overall processes of cell
growth and division [33,34]. In lymphocytes, there is
now a great deal of evidence supporting the involve-
ment of Ca’* and calmodulin in receptor capping
[35-37] and mitogenesis {18,33,34). The present study
was designed 1o further ine the latory roles
that Ca®* and calmodulin may play in the exposure of
hormone receptors and the subsequent activation of
lymphocytes.

Materials and Mecthods

Cells

Mouse splenic T-lymphocytes were obtained from
Balb C/J mice (Jackson Laboratory, Bar Harbor,
Maine) and were prepared by passing the spleen cells
over a nylon wool column as described previously {38].

I viochemical localization of i in-induced,
newly exposed IL-2 or insulin receptors

Mouse splenic T-lymphocytes werc treated with
ionomycin (1 pM) for 20 min at room temperature in
order 1o achieve the maximal exposure of their hormone
receptors. lonomycin-treated cells were then fixed in 1%
paraformaldehyde (in Dulbecco’s phospbate-buffered
saline, DPBS) for 20 min ai 4°C. Subsequently, either
IL-2 (506 U/mi) or insulin (1-10~® M) was added to
their respective receptors in 2 buffer containing 100 mM
Hepes,/ 120 mli NaCl/1.2 mM MgS0,/2.5 mM KCl/1
mM EDTA /10 mM ghicose/1.5 mM scdivm acetate
(pH 7.8) at 15°C for 15-30 min. The controls received
RPMI 1640 medium only, followed by fixation in 1%
paraformaldehyde. All fixed cells were washed in DPBS
plus 01 M gycme followed by incubation w1Lh fluo-
e d ar colloidal gald d anti-IL-
2 antibodies (an affinity purified fraction) (obtained
from Dr. Thomas Malek, University of Miami, Miami,
FL) er fluorescein-conjugated or colloidal gold-con-
Jjugated anti-insulin antibodies {un affinity purified frac-
tion). To verify the specificity of immunolabeling, an
excess amount of IL-2 or insulin was added to the cells
to compete for fluc i d or colloidal
gold-conjugated insulin or IL-Z binding.

The fluorescein-labeled samples were examined with
a Zeiss photomicroscope using a 63 X oil immersion
lens and epiillumination. Cells were photographed with
Kodak plus-X film (Eastman Kodak, Rochester, NY),

The colloidal gold-labeled samples were further fixed
with 2% giutaraldehyde, postfixed with 2% OsO,, dehy-

better and contrast of colloidal gold labeling,
These materials were then observed under a JEOL
electron microscope.

Insulin or IL-2 induced-receptor capping in ionomycin-
treated lymphocytes

Mouse splenic T-lymphocytes were treated with
ionomycin (1 pM) for 20 min at room temperature in
order to achieve the maximal exposure of their hormone
receptors. After binding with either IL-2 (100 U/ml),
insulin (1-10~® M) or to their respective receptors in a
buffer containing 100 mM Hepes/120 mM NaCl/1.2
mM MgS0,/2.5 mM KCl/1 mM EDTA /10 mM gla-
cose/1.5 mM sodium acetate (pH 7.8) [39] (with or
without treatment with various metabolic inhibitors,
such as EGTA (3 mM), Bepridil (20 pM), W-7 (20 pM),
cytochalasin D (50 pg/ml), colchicine (1-10~% M) and
cycloheximide (50 pM)) at 15°C for 15-30 min, the
cells were washed three times with the same buffer and
fixed by incubation in 0.5% paraformaldehyde (in
DPBS) for 20 min at 0°C. The controls received RPMI
1640 medivm only, followed by fixation in 1% paral-
formaldehyde. All fixed cells were washed in DPBS plus
0.1 M glycine followed by incubation with (a) fluo-
rescein-conjugated rabbit anti-IL-2 receptor antibodies
(an affinity purified fraction) (obtained from Dr.
Thomas Malek, University of Miami, Miami, FL) and
(b) fluorescein-conjugated human anti-insulin receptor
antibodies (an affinity purified fraction) (a gift from Dr.
Guenther Baden, University of Pennsylvania, Phila-
delphia, PA), To verify the specxfxcny of lmmunolabel-
ing, some les received fl d pre-
immune serum or pre-absorbed serum {anti-insulin or
IL-2 receptor-free serum). The anti-IL-2 or insulin
receptor-free serum was prepared by (1) incubating
anti-IL-2 receptor antibody with 1L-2 receptor contain-
ing CTLL T-lymphocytes to remove specific anti-IL-2
antibody from the serum and (2) incubating anti-insulin
receptor antibody with insulin receptor-containing IM-9
B-lymphoblasts to remove specific anti-insulin receptor
antibody from the serum. After the CTLL and IM-9
cells had been centrifuged down, the supernatant con-
taining non-specific serum (so-called pre-absorbed
serum or anti-IL-2 or anti-insulin-free serum) was used
as a control. Both pre-absorbed serum and pre-immune
serum showed no obvious fluorescent staining,

Hormone receptor binding assays
Mouse splenic T-lymphocytes were treated with Con
A (6 pg) or ionomycin (1 gM) at room temperature for



various time intervals (+ = 1, 2, 3. 5, 10, 20 and 30 min).
To measure the exposed IL-2 or insulin receptors. these
Con A-treated or jonomycin-treated T-lymphocytes (1 -
10% cells per assay point) were further incubated with
'S1IL-2 (specific activity, 50 pCi/pg: concentration
ranging from 1-107% to 1072 M) or '®L-insulin
(specific activity, 100 pCi/pg: concentration ranging
from 107° to 1072 M) in 1 ml of binding buffer
containing 100 mM Hepes/120 mM NaCl/1.2 mM
MgS0,/2.5 mM KCl/1 mM EDTA /10 mM glucose,/1
mg-ml~' bovine serum albumin/1.5 mM sodium
acetate (pH 7.8) [39] at 15°C for 15-30 min or 60 min
followed by washing extensively at 4°C. In this binding
assay, we measured the amount of both IL-2 and insulin
receptors expressed after Con A or ionomyecin treat-
ment. The level of hormone binding was the same
regardless of whether the cells were incubated for 15-30
min or 60 min at 15°C. To confirm the specificity of
IL-2 and insulin binding assays. excess amounts of
unlabeled IL-2 or insulin were added to compete for the
binding of '*I-1L-2 or '**I-insulin; less than 5% of the
binding was nonspecific. The amount of '¥I-IL-2 and
1%L insulin binding was measured by an LKB Gamma
counter.

To obtain the Scatchard plot. '*1-IL-2 and '*1-in-
sulin binding assays were donc using ligand concentra-
tions ranging from 1-107° to 1-10™'* M for 1L-2 and
1:107° to 1-107'% M for insulin. '1-1L-2 or '#L-in-
sulin were diluted with unlabeled IL-2 or insulin at a
fixed ratio of 1:9. Nonspecific binding was determined
by performing identical assuys in the presence of 1-10®
M of unlabeled IL-2 or insulin. The level of spcuﬁc
binding was then d by sub i
binding from total binding. Data points I'rom the
Scatchard plot were polated and fitted Ity
following the principles described previously {40]. The
experimental points expressed were mean values of at
least tbree to five experiments with a standard deviatior
less than + 5%.

Measurement of ¥*Ca’ * influx

Mouse splenic T-lymphocytes were first incubated
for 30 min in RPMI 1640 medium at room temperature
before adding *Ca®* (5-10 uCi/mk 50 Ci/pg) and
beginning Con A (6 xg/ml) treatment. At various time
intervals (+=1. 2, 3, 5, 10, 20 and 30 min), Con
A-treated samples were rapidly transferred into 10 ml of
ice~cold PBS (pH 7.3) plus 2 mM EGTA in order to
terminate Ca’* uptake. After washing with an ad-
ditional 20 ml of cold PBS plus EGTA, the cells were
placed in scintillation fluid (Miniblend, ICN) and
counted in an LKB Mini Beta Scintillation Counter.
Control samples were treated with RPMI 1640 only and
no Con A was added. “*Ca*" influx measurements were
made with both unstimulated cells and cells stimulated
by ionomycin or Con A. The data points p !in
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Fig. 2 are net cpm counts for *Ca** influx obtained by
taking the **Ca influx (cpm) of stimulated cells (cpm)
minus #*Ca** influx (cpm) of unstimulated cells.

Assay for ¢-mye gene expression

Isolation of RNA. Cytoplasmic RNA was isolated
according to the procedures described previously by
White and Baneroft (41] followed by phenol and Sevag
{chloroform/ isoamylalcohol. 24:1, v/v) extraction.
Mouse splenic T-lymphocytes pretreated with ;onomy-
cin were incubated with or without IL-2 (100 U) or
insulin (1-10"% M) in the presence or absence of vari-
ous metabolic inhibitors (c.g.. EGTA (3 mM), Bepridil
(20 pM). W.7 (20 uM). cytochalasin D (20 pg/ml).
colchicine (1-107° M) and cycloheximide (50 xM)) at
37°C for 30 min. Subsequently. cells were resuspended
in 50 plof ice cold 10 mM Tris-HCl (pH 7.0) and 3 mM
EDTA and lysed by 1% NP-40. After centrifuging this
NP-40 solubilized material at 15000 X g, for 3 min,
the pellet (containing nuclei and urbroken cells) was
discarded and the supernatant was extracted with a
mixture of phenol/Sevag (1:1. v/v). The amount of
RNA ohtained by this method was determined by mea-
suring UV absorbance at 260 nm. Isolated RNA was
mixed with an equal volume of solution containing 0.15
M NaCl/0.015 M sodium citrate (3 parts) and 37%
formaldehyde (2 parts), heated at 65°C for 15 min and
stored at —20°C,

Dor blor analvsis. {solated RNA was serially diluted
with a solution containing 0.15 M NaCl/0.015 M
sodium citrate and manually applied to a pre-weited
nitrocellulose paper (BA 45, 0.45 pm. Schleicher and
Schuell) with a capiliary pipet. The nitrocellulose papers
were then incubated at 80°C for 2 h in vacuo and
stored at —20°C.

Hybridization technique. A high specific activity *P-
anti-sense-RNA probe (1-10° cpm/pg) was prepared
using SP 6 transcription as described in Ref. 42, The
mouse c-zve probe consists of 1.5 kb from exons 2 and
3 of c-myc cDNA. The blotied paper was treated with
0.15 M NaCl/0.015 M sodium citrate in a sealed bag
containing hybridization solution (50% formai-
dehyde /50 mM sodium phosphate buffer (pH 7.0)/0.15
M NaCl/0015 M sodium ecitrate/0.1% SDS/1 mM
EDTA/Denhardt’s solulion/100 pg-ml~' denatured
DNA /100 pg-ml~' yeast RN&)Y at 65°C for 2-4 h.
Following the prehybridi: the *P-labeled probe
1-10° cpm/ml) was added to the blotted paper and
hybridized a1 63° C for 20 h. The filter was then washed
with a solution containing 0.15 M NaCl/0.015 M
sodium citrate/0.1% SDS at 50°C. The hybrids were
observed by autoradiography using Kodak XAR-5 film
with intensifying screen at ~70°C.

aof DNA s Mouse splenic T-
lymphocytes (5 - 10° cells) were dispensed into the wells

of microtiter plates 0.2 ml of RPMI 1640
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medium, in the presence or absence of the Ca?* iono-
phore, ionomyein (1 pM). Following incubation at rcom
temperature for up to 30 min. the ionomycin-treated
cells were supplemented with either IL-2 (100 U /ml) or
insulin (1-10~% M) in the presence or absence of vari-
ous metabolic inhibitors (e.g. EGTA (3 mM). Bepridil
(20 pM), W-7 (20 pM), cytochalasin D (20 ug/ml) and
colchicine (1-107° M)) in 5% CQ,/95% air at 37°C for
12-24 h. Control samples were treated with RPMI 1640
medium only and incubated under the same conditions.
Cells were then pulsed with 0.1 pCi *H-thymidine (ICN
Chemical and Radioisotope Division, Irvine, CA) for 4
h at 37°C in 5% CQ,/95% air as described previously
{36.37]. Synthesis was stopped by addition of ice-cold
10% trichloroacetic acid (TCA); and the TCA-precipi-
tated materials were washed and collected on Millipore
filters, dried and counted in an LKB liquid scintillation
counter.

Results

Insulin and 1L-2 receptor exposure

IL-2 and insulin receptors are generally not found on
the surfaces of unstimulated mouse splenic T-lympho-
cytes (Fig. 1A) [14]. However, treatment of mouse
splenic T-lymphocytes with a mitogen such as Con A
causes the rapid influx of Ca?* (within 1 min after

treatment} (Fig. 2), followed by the exposure of both
IL-2 and insulin receptors (within 3-5 min after treat-
ment) (Fig. 2). Scatchard plot analysis, using '**I-IL-2
and 'L-insulin hinding assays, indicates that the ex-
posed IL-2 and insulin receptors consist of two popula-
tions: (1) high-affinity receptors (approx. 1084 IL-2
binding sites (Fig. 3} and 380 insulin binding sites {Fig.
4) per cell); (2) and low-affinity receptors (approx. 8428
1L-2 binding sites (Fig. 3) and 1523 insulin binding sites
(Fig. 4) per cell).

Since the influx of Ca** occurs prior ta hormone
receptor exposure during Con A treatment, we have
decided to use the Ca** ionophore, ionomycin, to de-
termine whether Ca2* can directly trigger hormone
receptor exposure. Gur results indicate that jonomycin
itself can induce both Ca®* influx (within 30 s after
treatment) (Fig. 2) and the exposure of both 1L-2 and
insulin reecptors within 3-5 min following addition of
the ionophore (Figs. 1B-E; Refs. 5 and 6; Fig. 2).
Microscopic examination, using both immunofluo-
rescence and immuno-gold labeling techniques, reveals
that the ionomycin-induced IL-2 (Figs. 1B and C) and
insulin receptors (Figs. 1D and E) appear as aggregates
(so-called ‘pa‘ches’) on the lymphocyte surface.
Scatciard plot analysis indicates that ionomycin-in-
duced hormone receptors also consist of iwo popula-
tions: (1) high-affinity receptors (approx. 1084 IL-2

Fig. 1. and i

gold staining of hormone réceptors. (A) Absence of IL-2 receptors on unstimulated (resting) mouse

splenic Tymphoeytes. {The same result was observed for insulin receptars in unstimulated cells-data not shown). (B and C) Mouse splenic
T-lymphocytes were treated with ionomycin followed by staining with fluorescence-labeled {8) or colloidal gotd-labeled {C) anti-IL-2 receptors. (1D
and L) Mouse splenic T-lymphoeytes were treated with ionomygin followed by staining with fluorescence-labeled (D) or colloidal gold-laheled (E)
anti-insulin receptors. (F and G) Mouse splenic T-lymphocyles were trested with ionomycin followed by IL-2 or insulin treatment. Capped {L-2
receptors (F) and insulin receptors (G) were detected hy staining with fluorescence-laheled anti-1L-2 receptor or anti-insulin receptor, respectively.
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Fig. 2. Can A- and ionomycin-induced Ca®* influx and hormone
receptor exposure on mouse splenic T-fymphocytes. Cells were treated
with either Con A {6 ug) (%) or ionomycin (1 pM) (a} followed by
Ca?* influx mcasurement and hormone receptor binding analyses, M,
exposed insulin binding sites during Con A treatment; ®, exposed
1L-2 binding sites during Con A treatment. {Similar insulin and 1L-2
receplor exp were observed in i ed cells: data not
shown).

binding sites (Fig. 5) and 820 insulin binding sites (Fig.
6) per cell) and (2) low-affinity receptors {(approx. 9632
1L-2 binding sites (Fig. 5) and 2500 insulin binding sites
(Fig. 6) per cell).

Effects of various inhibitars

Six different reagents — a Ca’* chelator (EGTA). 1

* blocker (Bepridil), a calmodulin antagonist (W.7).

a rmcroﬁlamem inhibitor (cytochalasin D), a mu:rolub-
ule disrupting agent (colchicine) and a protein-synih
inhibitor (cycloheximide) — were tested for their effects
on ienomycin-induced hormone receptor exposure. Qur
results indicate that EGTA, Bepridil, W-7 and cyto-
chalasin D can all sub ially inhibit ionomyci
duced IL-2 and insulin receptor exposure (Table I).
However, colchicine and cycloheximide did not inhibit
the exposure of either iL-2 or insulin receptors. These

8, Con A Trastment
a4 High affinity binding aites: Kd=6.3 x 10 "M
9 Low sffinily binding sites: Ka=7.0 x 10~ "Om
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TABLE I

Effect of various nbubriors on 1onomycin-induced £1-2 and insulin
recepror exposurc

t mouse splenic ly were with
various dmgs at 4°C for 30 min before IL-2 and insulin receptor
binding assays were curried out. Each number sepresents the average
of thiree 10 five experiments with a standard deviation less than + 5%,

Treatment % of control
L2 Insulin
receptars receptors
Control (icnomyein (1 g M) oniv) 100 100
EGTA (3 mM) 25 0
Bepridil (20 uM) 31 2
W-7 (20 uM) 9 10
Cytochalasin D (20 pg/mh) 15 25
Colchicine (1-10 ** M) 98 9%
Cyeloheximide (50 M) 88 %0

data indicate that Ca** /calmodulin and microfilaments
{but not microtubules and protein < /nthesis) are prob-
ably involved in ionomycin-induced IL-2 and insulin
receplor exposure.

H, y

ced iymiphocyte gene sis

Previous studies have demonstrated that horzione-in-
duced cell activation and proliferation are associated
with Ca®* mobilizatior [18.29], recepior patching/
capping [18.29) and the expression of proto-oncogenes
such as c-fos and c-myc genes [43.44]. In this study, we
have found that lymphocyte mitogenes
gene expr

5 (... Cmve
sion :md DNA synthesis) did not occur
in serum-free medium
{Fig. 7A Table H) However, when 1L-2 or insulin was
added to the medium following ionomycin treatment,
complete lymphocyte activation and mitogenesis en-
sued. Specifically. the following events occur: (1) IL-2

Con A Treatment

LY -12
High affinity binding altes: Kd=23 x 10 M
-1
1 Low =lfinlly binding sites: Ka=7.9 x 10
9

(~insulin Bound/Frse tx 10 %

128

20
Bound '*¥\-insailn (t morert x 107 cotie}
Figs. 3 and 4. Scatchard plat analyses of [L-2 and insulin binding to Con A-treated mouse splenic T-lymphocytes, The cells were first treated with
Con A (6 g} for 20 min at room temperature and incubated with '*1-1L-2 (Fig. 3) or " Linsulin (Fig. 4) in the presence of various concentrations
of unlabeled IL-2 or insulin as described in Malerials and Methads. Data points from the Scatchard plot were extrapolated and fitted manually as
described previously (4D].
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24| High afliaity binding sites: Kd=6.5 x 10732 1 "
~ Low atfinity binding silen: Kd=2.0 x T0~10 M an) High affiaity binding d=2.8 x 10 o
v Low atfinlty binding aes.2210 "' M
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& 18] I3
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H H
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3 F
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2 e 5
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{8832 receptors] .
, \ {5832 receptors] o 500 acapioie
!
) 3 10 12 14 18 8 1% 24 32 40 a8
Bound 25 (-1L-2 (¢ moler1 x 10 cells ) Bound2%-tnwutln 1 mole/ 1 x 107 celle)
Figs. 5 and 6. Seatchard plot analyses of IL-2 and insulin binding to i d splenic T- The cefls were first treated with

ionomyein for 20 min at foom tem, <rature and incubuted with 2 LIL-2 or "3Yinsulin in the presence of various concentrations of unlabeled 1L-2
or insulin as described in Materials and Methods. Data points from the Scatchard plot were extrapolated and fitted manually following the
principles descrihed previously [40].

b N BN

c @ v

Fig. 7. Analysis of c-myc gene expression by dot hybridization. Mouse
splenic T-lymphocytes were first treated with ionomycin for 20 min at
room temperature. These ionomycin-treated cells were then incubated
with or withaut 1L-2 (100 U) or insulin {1-10~® M} in the presence or
absence of W-7 (20 pM) at 37° C for 30 min. The expression of c-myc
gene product was shown as follows: (A) no hormone addition; (B)
with [L-2 addition an<! metubolic inhibiwss such as W-7; (C) with
IL-2 addition; and (D) with insulin addition. Cyloplasmic RNAs
isolated fram the aforementioned samples (A-D) were used for
cytoplasmic dot hybridization analysis of c-mye gene expression
according to the procedures described in Materials and Methods. (a) 1
£8RNA; (b) 0.5 pg RNA: (¢} 0.25 pg RNA,

TABLE 11

Hormone requiremens for DNA syntkesis in ionomycin-treated lympha-
cyres

Each number represents the average of three to five experiments with
a standard deviation less than + 5%,

and insulin receptor capping occurred within 5-10 min
after the addition of 1L-2 or insulin treatment (Figs. 1F
and G); (2) c-myc gene was expressed at 30-60 min
alter 1L-2 or insuiin treatment (i s. 7C and D); and
{2) DNA synthesis was initic.ted wit! in 12-24 h follow-
ing IL-2 or insulin treatment (Table 1), Finally, treat-
ment of the lymphocytes with either EGTA, Bepridii,
W-7 or cytochalasin D (but not colchicine) blocked
both IL-2- and insulin-induced receptor capping (Table
111), c-myc gene expression (Fig. 7B) and DNA synthesis
(Table [II). Our data, therefore, suggest that Ca?*/

Imodulin-depend il are respon-
sible for IL-2 and insulin receptor exposure which, in
turn, are required for IL-2 or insulin-dependent
lymphocyte activation and protiferation.

TABLE 111

Effect of various inhibitors an hermone-induced receptor capping and
DNA synthesis in ionomycin-treated lymphacytes

Each number represents the average of threc or five experiments with
a standard deviation less than & 5%. lonomycin (1 M) was used for
the pretreatment of cells.

Treatment % of control

Treatment DNA synthesis receptor capping  DNA synthesis

(% of conirol) IL-2  insulin  1L-2  insulin
Control (no ionomycin) 100 Control {no inhibitor) 100 100 100 100
Tonomycin (1 xM) only 100 EGTA (2 mM) 30 2% 18 19
1L-2 (100 U/ml) onty 102 Bepridil (20 pM) 22 25 15 20
Insulin (1-10™% 24) only 101 W-7 (20 kM) 27 20 16 17
Tonamycin (1 uM) plus IL-2 (100 U/ml) 400 Cytochalasin D (20 pg/ml) 35 30 25 27
Ionomycin (1 pM) plus insulin (1-10* M) 350 Colehicine (1-107% M) 05 102 101 100




Discussion

Recent evidence indicates that the early signal-trans-
duction events leading to mitogenesis include: (a} stimu-
lation of phosphatidylinositide turnover giving rise to
[P, [30] and diacylglycerol (DAG) |31], which then
induce internal Ca®* release [30] and protein kinase C
activation [31], respectively; (b) an increase in Na"/H"
antiporter activity which causes an increase in cyto-
plasmic pH [45); and (<) activation of surface receptor
tyrosine kinase activity [46]. In this study. we have
examined two early signal-transducing events that occur
during lymphocyte activation: influx of Ca®** (Fig. 2)
and exposure of two different hormone receptors on the
cell surface (Figs. 3—-6).

Ca?* mobilization occurs during growth factor or
mitogen-induced activation of various cell types includ-
ing lymphocytes [18,29,47,48] and neutrophils [49]. Con
A has heen shown to cause IP, formation in lympho-
cytes [50,51). 1P, then triggers the release of Ca’* from
internal storage sites [52] and, possibly, the influx of
external Ca?* [$3]. Since changes in Ca’* influx and /or
intracellular free Ca>* are considered essentia! 1o cell
activation, we decided to employ a Ca®* ionophore,
ionomycin, to determine whether Ca* is directly in-
volved in the signal transduction mechanism(s) (e.g.,
hormone receptor exposurej leading to lymphocyte pro-
tiferation.

IL-2 and insulin receptors are generally not present
on lhe surface of unshmulated mouse splemc T-
lymphocytes [14]. When lymphocytes are d by a
variety of mitogens, the receptors for these hormones
become detectable {15-18]. Similar findings have re-
cently been reported for other cell types [54]. For exam-
ple, several different growth factars and peptide
hormones have been shown to induce a rapid transloca-
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DNA synthesis {Table I1). Our data suggest that Ca®*
may be directly involved in revealing masked or cryptic
forms of hormone receptors. Alternately, Ca®* may
trigger the translocation of internal membrane pools of
IL-2 and insulin receplors to the plasma membrane.
The binding of hormone to ionomycin-induced hormone
receplors is required for complete lymphocyte activa-
tion.

Another anism by w Cu?” may trigger early
signal transducing events Jwiing cell ncuvmmn involves
its 1 ion with calmodulin. an i Ca?*-bi-
nding protcin. Ca® -depende-nt calmodulin activity is
known to be responsible for the activation of a number
of important cellular cnzymes. including adenyiate
cyclase, membrane-associated Ca®*, Mg?*-ATPase.
myosin light chain kinase. etc. [32.55}. As shown in
Figs. 1B-E, the [L-2 and insulin receptors on the surface
of ionomycin-treated lymphocytes clustered into patches
or caps (Figs. 1F and G). Recent evidence from our
laboratory indicates that a number of cytoskeletal pro-
tein (e 8. aclin, myosin, fodrin, etc.) are either directly
or indirectly iated with cl d hormone recep-
tors [55—61]. The fact that various inhibitors such as
Ca®*-channel blockers. Ca®* chelators. calmodulin
antagonists. and cytoskeletal inhibitors (but not micro-
tubule-distupting  drugs) can prevent ionomycin-in-
duced exposure of clustered hormone receptors (Tahle
I) and also block hormone-mediated receptor capping
{Table H1). c-myc gene expression (Fig. 7B) and DNA
synthesis (Table I1I) suggests that Ca’* and calmodu-
lin-dependent contractile cytoskeletal elements (hut not
microtubules) are required for early signal transduction.
leading eventually to lymphocyte activation and pro-
liferation.

tion of transferrin receptors and glucose t
from intracellular pools to the cell surface [54]. Re—
cently, we have reported that both Con A and electric
stimulation induce exposure of insulin and 1L-2 recep-
tors (within 3-5 min after tremment) in mouse splenic

Thiz work was supported by National Institutes of
Health grant GM 36353 and American Heart Assotia-
tion grants. L.Y.W. Bourguignon is an Established

lymphocytes [18]. The molecuk Tved I i of the American Heart Association.
in these mi diated membrane ch (e.g.. Te-
ceptor exposure and expression) are not fully under- References
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