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Although there is extensive data available on Ca2+ effects in normal tis
sues, comparatively little is known about its effects or regulation in tumor
cells. The present studies were undertaken to investigate whether various
extracellular calcium concentrations could modulate the expression of the
tumor-associated antigen (TAA) recognized by monoclonal antibody
(MAb) 44-3A6. It is highly expressed by the human lung adenocarcinoma
cell line A549 and has been shown to be a 40-kD integral plasma mem
brane protein. Treatment of the A549 cell line with various concentrations
of exogenous calcium showed a dose-dependent rise in the internal free
calcium levels up to 2.4-2.9 mM (external calcium treatment). At higher
concentrations, the internal calcium level showed a decline, indicating a
higher calcium efflux. The calmodulin-dependent Ca2+-ATPase enzyme
involved in calcium homeostasis was assayed under these same condi
tions. The enzyme activity increased with increasing external calcium con
centrations showing a 5-fold increase in cells treated with 4.05 mM cal
cium. These data suggest that as the internal calcium approaches toxic
levels, the Ca2+-regulated ATPase activity increases to reduce the calcium
overload within the cell. Employing Western blot analysis and immuno
peroxidase staining studies, this report shows that the antigen recognized
by MAb 44-3A5 on A549 cells increased with an increase in calcium con
centration. Evidence that this antigen is phosphorylated is presented using
Western blot analysis of a radiolabeled antigen-enriched plasma mem
brane fraction. The previously reported subcellular localization, and now
the phosphorylation and responsiveness to calcium by this TAA, gives it
the properties predicted to be seen in a calcium 'pump-like' molecule.
Thus, these studies support the hypothesis that this TAA may be impor
tant in intracellular calcium concentration control or that it is regulated
via some calcium-mediated process.
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Calcium has been implicated to play a crit
ical role in the control of a wide range of cellu
lar functions including excitability, motility
and cell division [1-4]. It has long been
known that changes in free cytosolic calcium
can trigger cellular responses in nonneoplastic
cells [5]. A definite but complex role of both
extracellular and intracellular Ca2+ ions has
been demonstrated in different cell types. The
processes which are required for cell prolifera
tion are highly regulated and depend on a
variety of responses to the appropriate exter
nal signals such as hormones, growth factors
and calcium ions. Considerable effort has
been applied to understanding the roles of
hormones and growth factors on neoplastic
cells, where comparatively little is known
about calcium ion effects.
Advances in tumor immunology have pro
vided reagents which can be used to assess the
biological properties of various tumors and
tumor subsets. This approach has led to the
elucidation of select antigens which are fre
quently expressed by morphologically similar
neoplasms. One such tumor-associated anti
gen is detected by the monoclonal antibody
(MAb) 44-3A6. This antigen has been exten
sively studied in human tumor tissue and has
been shown to be a good marker for adenocar
cinomas [6-11], In the human pulmonary ad
enocarcinoma cell line A549, this antigen has
been shown to be a 40-kD cell surface protein
[12], Studies using fluorescence-activated cell
sorter analysis and immunogold-EM methods
have demonstrated that this antigen is not cell
cycle-specific, nonmodulatcd and expressed
on the extracellular surface of the plasma
membrane [ 13]. Like many of the tumor-asso
ciated antigens which have been studied be
cause of their select expression by various
morphological subtypes, little is known about
the function of this antigen.

In view of our limited understanding of the
effects of calcium on human pulmonary tu
mors, we questioned how the plasma mem
brane-bound calmodulin-dependent Ca2+ATPase (CaM-Ca2+-ATPase) would respond
in A549 cells upon exposure to various extra
cellular calcium concentrations. Changes in
enzyme activity would serve as a physiologi
cal monitor for C ar+ since it is important in
the maintenance of calcium homenostasis. In
addition, since little is known about the mod
ulatory effects of calcium on tumor-associ
ated antigen expression within these cells, we
questioned whether the tumor-associated an
tigen recognized by MAb 44-3A6 could be
modulated by calcium. The demonstration of
a cell surface tumor-associated antigen which
was modulated by extracellular calcium
(which paralleled an increase in Ca2+-ATPase
activity) would be an important step toward
understanding the possible function and/or
regulation of that gene product.

Materials and Methods
Growth o/A549 Cells
The human lung adenocarcinoma cell line was
grown in RPMI 1640 culture medium supplemented
with 10%fetalcalf serum, L-glutamine, and antibioticantimycotic solution as previously reported [9]. The
RPMI 1640, besides other ingredients, contains
0.5 mM calcium. In experiments requiring extra cal
cium, the cells were grown in RPMI with added CaCL
solution corresponding to final calcium concentrations
of 0.5, 1.3, 1.85, 2.4, 2.95, 3.55, and 4.05 m V/. The
cells were scraped from the flasks after 48 h and sub
jected to washing with cold physiological salt solution
(PSS; all in mM: Na* = 190. K* = 5.0, Ca2+ = 0.5. Mg2*
= 1.2, glucose = 10, HEPES. pH 7.4 = 10) containing
0.1% bovine serum albumin. The cells from each
group were suspended in the same volume of cold PSS.
The PSS for treated groups was supplemented with
additional calcium equivalent to their treatments. The
cell suspensions were divided for four studies: (a) Car*
measurements, (b) Ca2+-ATPase activity, (c) trypan
blue exclusion, (d) Western blotting.
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Car* Measurements
The cells were loaded with Fura-2 by incubating
them with 5 \iM Fura-2/AM at 37 °C for 45 min. The
washings were carried out in the cold with PSS by cen
trifuging at 2,000# for 10 min. The last wash was
checked for background fluorescence. A known num
ber of cells were added to the quartz cuvette containing
normal PSS with 1 mM LaClj. The cells were equili
brated for 5-7 min at 37 °C with gentle stirring. Fluo
rescence was recorded at 510 nm emission and 340 nm
excitation wavelength. Ca,2+ was measured as pre
viously reported using a Kilo-Dalton value of 224 nM
[14].
CaM-Ca2*-ATPase Assay
The cells were washed thoroughly with Ca2+-free
buffer containing 50 mM Tris-HCl, pH 7.5, at 0°C
and suspended in the same buffer. The enzyme was
assayed according to the method described previously
[15, 16]. Briefly, aliquots containing 50-100 pg cellu
lar protein were preincubated in a medium containing
50 m.V/ Tris buffer, pH 7.4, with and without 0.1 m.V/
calmodulin antagonist, trifluoperazine (TFP) and
10 pM free Ca2+ buffered with EGTA solution
(pH 7.5) as described previously [17], ATP hydrolysis
was initiated by the addition of 100 pi of buffer con
taining Tris-ATP and MgCL to provide 0.5 m.V/ ATP
and 1 mM Mg2+ in the final volume of 500 pi. After
incubation at 37 °C for 30 min (linear rate of ATP
hydrolysis; data not shown), the reaction was stopped
by the addition of 50 pi of cold 70% perchloric acid
and Pi liberated was determined by the spectrophotometric method reported previously [18]. CaM-Ca2+ATPase activity was estimated as the difference of
ATP hydrolysis in the presence and absence of TFP.
One unit of enzyme activity is defined as the nano
moles Pi liberated per milligram of protein per 30 min
at 37 °C.
Trypan Blue Exclusion Test
Equal volumes of each cell suspension and trypan
blue stain (0.4%) were mixed together in a tube and the
viable cells counted using a hemacytometer.
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Western Blotting
Western blot analysis was performed as previously
reported except that the antigen-antibody complexes
were visualized by horseradish peroxidase-conjugated
secondary antibody [12]. An equal number of cells
(5 X 105) from each group was sonicated, centrifuged
at 2,000# for 10 min and the pellet suspended in 10%
guanidine hydrochloride. After centrifugation at
12,000#, the soluble fraction was precipitated by add
ing cold acetone. The pellet was dissolved in the load
ing buffer and the entire sample ran on a 10% SDS
polyacrylamide gel as previously reported [12]. For
equal protein loading experiments, the protein content
was determined prior to solubilizing the samples. The
volumes loaded onto these gels were adjusted so that
10 pg was loaded per lane.
M TT Assay
The 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) assay was carried out as pre
viously described [19]. In brief, cells (600 cells/well)
were incubated at 37 °C in a 96-well plate with the
required calcium concentrations for 48 h. MTT solu
tion was added and the cells incubated for an addi
tional 2 h. DMSO was added to each well and the plate
was read at 540 nm on an ELISA plate reader.
Phosphorylation
The cells were thorougly washed with and sus
pended in PSS containing 0.5 mM Ca2+ and supple
mented with 0.1 % bovine serum albumin. To 5 ml of
PSS in the flask, 200 pCi of 32P-orthophosphatc was
added and the cells allowed to grow overnight at 37 °C.
The cells were washed with cold PSS, harvested, and
sonicated. The cell suspension was centrifuged at
2,000# for 10 min to obtain a crude membrane pellet.
The antigen, recognized by MAb 44-3A6, as well as
several other proteins were extracted with 10% guani
dine hydrochloride followed by acetone precipitation.
The acetone pellet was treated with !0%Triton-X 100
and the soluble proteins were again acetone-precipi
tated to further enrich for antigen. This pellet was then
subjected to Western blot analysis and autoradiogra
phy.

Results
The treatment of the A549 cells with var
ious concentrations of calcium for 48 h re
sulted in a dose-dependent change in the in
tracellular free Ca2+. The increase in free Ca2+
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Simultaneously, cells were grown in chamber slides
exposed to various concentrations of calcium. The
cells were allowed to grow for 48 h, after which the
medium was aspirated. The cells were fixed in 10%
neutral buffered formalin for 1 h. The slides were
washed in phosphate-buffered saline and immunostained using the avidin-biotin complex immunoperoxidase technique as routinely used in our laboratory
[12,13],

1,000-1

Calcium treatment, mM

concentration was maximum when the exoge
nous calcium concentration was 2.4 mM
From thereon, the internal calcium showed a
steady decrease (fig. 1). Exposure of A 549
cells to different concentrations of exogenous
Ca2+ caused a gradual increase in CaM-Ca2+ATPase activity (fig. 2). At 3 mM external
Ca2+ concentration, there was a 5-fold in
crease in enzyme activity. At Ca2+ concentra
tions higher than 3 mM, the increase in en
zyme activity was not significant. Under the
assay conditions employed in these experi
ments, the activity of CaM-Ca2+-ATPase
(TFP-sensitive ATPase) amounted to about
20-30% of the total Ca2+-ATPase activity.
Because it is well recognized that compara
tively high extracellular calcium concentra
tions may be toxic to cells, it was necessary to
assess the viability of A549 cells at various
Ca2+ treatments. Using the MTT assay, it was
observed that with the increase in exogenous
calcium concentrations, the viability of the
cells decreased (fig. 3). The data has been pre
sented as a percentage of control. At 4.05 mM
calcium concentration, almost 50% of the

Fig. 2. Changes in Ca-ATPase activity in A549
cells in response to calcium treatment. CaM-Ca2+ATPase activity was measured as difference in ATP
hydrolysis in the presence and absence of the CaM
antagonist TFP. Control mean average values = 0.32
± 0.02 pmol Pi liberated/mg protein/min (n = 5).

Fig. 3. MTT assay for viability of A549 cells after
calcium treatment. The cells were grown in a 96-well
plate at different calcium concentrations. The OD at
540 nm was the measure of the MTT reactivity, an
index of cellular viability.

cells were nonviable. This data was confirmed
using the trypan blue exclusion test (data not
shown).
Western blot analysis (fig. 4a) using an
equal number of viable cells from each treat
ment showed the expression of the antigen
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Fig. 1. Changes in free cytosolic calcium levels in
A549 cells after exposure to external calcium concen
trations. Control mean average value = 114 ± 7.6 nM
with n = 5.

A

B

recognized by MAb 44-3A6 at the expected
40-kD position. However, there was a visible
difference in the intensity of the bands with
the 4.05 mM Ca2+-treatcd cells having the
most intense band. The band intensity grad
ually increased from 0.5 (control) to
4.05 mM. Laser densitometry data (fig. 5a) of
these bands also indicates a continuous in
crease in band intensity, which paralleles the
increase in calcium concentration. Immunostaining of the slides (fig. 6) revealed a very
gradual change between each group, with al
most no staining in the 0.5 mM (control)
treatment group. The cells grown in 4.05 mM
Ca2+ showed the greatest intensity of immunostaining. In contrast, when an equal
amount of protein was loaded onto each lane
(fig. 4b), there appeared to be a steady decline
in antigen density. Laser densitometry con
firmed this observation (fig. 5b).
When the cells were grown in the presence
of 32P, and the antigen recognized by MAb
44-3A6 was enriched as outlined in 'Materials
and Methods’, a band on the Western blot was
found to be both immunoreactive and radiolabeled. This finding suggests that the antigen
is phosphorylatcd (fig. 7).
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Fig. 5. a Laser densitometry of bands in figure 4a.
Each point on the graph represents at least 3 scanning
positions on the band, b Laser densitometry of bands
in figure 4b. Each point on the graph represents at least
3 scanning positions on the band.
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Fig. 4. a Bands on the Western
blot are representative of antigen
expression based on an equal num
ber of viable cells (5 X 105) from
each treatment loaded into each
well. A = 0.5 mM, B = 1.3 mM ,C =
1.85 mM, D = 2.4 mM, E = 2.95
mM, F = 3.5 mM, G = 4.05 mM.
b Bands on the Western blot are
representative of the antigen expression based on an equal amount
of protein loaded onto each well
(10 |ig). A = 0.5 mM, B = 1.3 mM,
C = 1.85 mM, D = 2.4 mM,
E = 2.95 mM, F = 3.5 mM,
G = 4.05 mM.

Discussion
A dependency of normal cell proliferation
on adequate extracellular Ca2+ levels was
demonstrated in epidermal growth factorinduced rat liver epithelial (T51B) cells [20].
This was done by determining the role of Ca2+

influx during DNA synthesis. Low extracellu
lar Ca2+ and the addition of La3+ prevented
the rise in the labeling index of the nuclei
stimulated by epidermal growth factor, indi
cating that movement of Ca2+ into the cell was
required for DNA synthesis [20], Induction of
DNA synthesis has been shown to be pre
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Fig. 6. Cells fixed and immunostained with MAb 44-3A6 after
48-hour incubation with different
calcium concentrations, a Control,
b 2.4 mM. c 4.05m.V/.
Fig. 7. Autoradiogram showing
the phosphorylation of the antigen
and the corresponding immunoreactivity band on the same Western
blot.
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mechanism [12], Plasma membrane fractions
isolated from a number of tissues have been
shown to contain a Ca2+-ATPase, which is
believed to be the biochemical expression of
the Ca2+ pump mechanism [29], This plasma
membrane-linked phosphoprotein is distin
guishable from other Ca2+-ATPase in that it
requires only micromolar concentrations of
free calcium for its activity and is dependent
on the presence of calmodulin [15, 30].
Changes in the concentration of intracellular
calcium, through the mediation of calmodu
lin, plays an essential role in many molecular
processes in eukaryotic cells including the
triggering of cell cycle events [31 ].
Our finding that an increase in the activity
of CaM-Ca2+-ATPase in A549 cells after the
exposure of cells to graded concentrations of
extracellular Ca2+ suggests that this enzyme
plays a major role in the homeostasis of Ca2+
within these cells. Although the normal intra
cellular concentration of calcium is in the millimolar range, changes in free calcium (Cai2+),
estimated to be in the micromolar range, are
believed to be critical for Ca2+-mediated phys
iological responses [1-4, 32, 33], The CaMCa2+-ATPase, which is a plasma membranebound enzyme and a biochemical expression
of Ca2+ pump activity, is utilized for pumping
out excess C ar+. The increase in enzyme ac
tivity was approximately linear up to 3.0 mM
external calcium, attaining a plateau level
thereafter. The increase in free C ar+, on the
other hand, reached a maximum level at 2.42.9 m M, beyond which it showed a decline.
These results suggest that CaM-Ca2+-ATPase
activity in A549 cells is inducible and/or that
increased activity results under these condi
tions. As anticipated from previous reports by
others, we observed calcium toxicity at hyperphysiological Ca2+ concentrations (3.5 and
4.05 mM), which were documented both by
cell counts and MTT assay results. That is,
cell death was progressively greater as calcium
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ceded by an increase in calcium, primarily in
the cytoplasm [21], In human synovial cells,
both DNA fragmentation and cell death were
dependent on a sustained increase in the Ca2+
concentration [22], It has been reported that
some neoplastic cells do not have the same
requirement for extracellular calcium ions as
do normal cells [23], However, at least some
cancer cell lines were shown to require cal
cium ions for cell proliferation [24], The
highly malignant leukemia L I210 cells have
been reported to require the presence of extra
cellular calcium for maximum growth [24],
Recently, employing a variety of stimuli
(K+ depolatization, ionomycin, and acetyl
choline), it has been demonstrated that Ca2+
influx into neuronal cells causes a significant
increase in nuclear Ca2+ [25], This finding
supports the idea that gene regulation in cells
may be mediated by changes in Ca2+ concen
tration at the DNA level. Whether a similar
mechanism operates in tumor cells is open for
further investigation.
The tachykinin family of neuropeptides in
duce a transient increase in intracellular free
calcium concentration in human small cell
lung carcinoma cells [26], None of the pep
tides, however, showed a stimulatory effect
on DNA synthesis. Evidence has been re
ported implying that two secondary cell-sig
nalling pathways, Ca2+ mobilization and the
activation of protein kinase C, arc involved in
the induction of spontaneous metastasis in
mouse mammary adenocarcinoma cell line
SP1 [27], The Yoshida hepatoma cells, upon
incubation with Ca2+ and a Ca2+ ionophore,
showed cytoskeletal changes, which in late
phases led to cell disorganization and necrosis
[28].
For most of the cellular physiological re
sponses, only micromolar concentrations of
intracellular calcium are required. The main
tenance of such a low internal calcium level is
accomplished by an active Ca2+ transport

signed to assess the expression of the antigen
recognized by MAb 44-3A6 in A549 cells,
Western blot analysis demonstrated an in
crease in antigen expression (based on equal
live cells), which paralleled the increase in
CaM-Ca2+-ATPase. Since high calcium
caused significant toxicity, this increase could
be due to immunoreactivity contributed by
dead cells in the sample. If this were the case,
then on Westerns loaded with equal amounts
of protein (per sample), an increase (or at least
a constant amount) of antigen density would
be expected. A marked decrease was in fact
observed, supporting the notion that the dead
cells were not contributing to the detected
antigen density and that the antigen density
increased per unit viable cell. Even at near
toxic levels of external calcium, as indicated
by a 50% cell death in culture, the antigen
expression was significantly increased on
Western blots loaded with equal cells per lane.
This is further confirmed by immunoperoxidase staining, which shows an increase in both
the frequency and intensity of staining as the
calcium treatment concentration increases.
From the above observations, it appears
that the expression of the antigen recognized
by MAb 44-3A6 in the A549 cell line is modu
lated by the internal free calcium levels. The
possibility that this effect is due to a direct
result of the cation concentration is unlikely,
since other cations (Cu2+, Na+, Zn2+, K+) at
similar concentrations did not modulate anti
gen expression (unpublished data). Specula
tion that this cell surface tumor-associated
antigen is directly linked to the regulation/
modulation of intracellular calcium should be
made with caution. Although it shares several
properties of known calcium pump compo
nents, i.e., they have increased expression
upon calcium esposure, are integral plasma
membrane proteins, and are phosphorylated,
these properties make this tumor-associated
antigen only a reasonable candidate to be a
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concentrations increased. Relatively high cal
cium concentrations may cause a calcium
overload which eventually leads to cell disor
ganization and plasma membrane disruption.
This has been well documented in other sys
tems as well as coupling Ca2+ to a variety of
cellular functions such as cell division, micro
tubular assembly-disassembly, exocytosis, cell
adhesion and many other functions [1-4, 32,
33], It is also important to note that in these
high Ca2+ treatment groups, the surviving
cells had lower internal free calcium than in
cells exposed to lower concentrations of cal
cium. This finding suggests that at Ca2+ con
centrations < 3 mM external Ca2+, the CaMCa2+-ATPase activity was induced, while at
concentrations > 3 m M, other cellular mech
anisms responsible for the maintenance of
Ca2+ levels also participated in addition to
Ca-pump activity. These cellular components
may consist of mitochondria, endoplasmic re
ticulum and a number of calcium-binding
proteins including calmodulin [1, 32], Thus,
despite a continued high rate of influx, the
overall concentration of free Ca2+ is kept regu
lated.
It has been demonstrated that cells can
employ Ca2+ as a messenger for regulating a
sustained physiological response. In the case
of insulin-like growth factor, when acting on
competent-primed Balb 3T3 cells, exogenous
calcium causes an immediate increase in the
intracellular Ca2+ concentration [34], This in
crease in calcium causes a specific ‘calcium
message’ resulting in a sustained response of
cellular functions which are cell type-depen
dent.
For this reason, we question whether the
A549 cell surface tumor-associated antigen
recognized by MAb 44-3A6 could be modu
lated as a consequence of intracellular cal
cium concentration. Using Ca2+-ATPase as an
indicator of the physiological effects of our
calcium treatments, experiments were de

calcium ‘pump-like’ plasma membrane com
ponent. This is because the increase in the
antigen expression may be simply a conse
quence of the autorcgulatory mechanisms as
discussed earlier, or it may be an epiphenomcnon which is the result of the general effects
of calcium stimulation.
Considerable work remains to be done re
garding the biological function of this antigen.
The study of the degree of phorsphorylation
in response to calcium exposure, as well as
other conditions, will be necessary to fully
understand what role this protein plays in the
cellular response to calcium. More detailed
studies directed at linking the numerous Ca2+
signalling pathway components with the func
tion of this protein and other calcium regula

tory molecules is needed. The work reported
herein is only the initial step in linking the
increased expression of the tumor-associated
antigen recognized by MAb 44-3A6 to intra
cellular free calcium levels. The understand
ing of how this protein functions may provide
a new insight to what constitutes the adeno
carcinoma phenotype and to possible ap
proaches of how to modulate the growth of
antigen-positive tumor cells.

1 Cheung WY: Calmodulin plays a
pivotal role in cellular regulation.
Science 1980;207:19-27.
2 Means AR, Rasmussen CD: Cal
cium and cell proliferation. Cell Cal
cium 1988;9:313-319.
3 Metcalfe JC, Moore JP, Smith GA,
Hesketh TR: Calcium and cell pro
liferation. Br Med Bull 1986:42:
405-412.
4 Keith CH, Bajer AS. Ratan R, Maxfield FR, Shelanski ML: Calcium
and calmodulin in the regulation of
the microtubular cytoskeleton. Ann
NY Acad Sci 1986;466:375-391.
5 Rasmussen H: The calcium messen
ger system. N Engl J Med 1986:314:
1094-1170.
6 Lee I, Radosevich JA. Rosen ST, Ma
Y, Combs GS, Gould VE: Immunohistochemistry of lung carcinomas
using monoclonal antibody 44-3A6.
Cancer Res 1985;45:5813-5817.
7 Banner BF, Gould VE, Radosevich
JA, Ma Y, Lee I, Rosen ST: Applica
tion of monoclonal antibody 443A6 in the cytodiagnosis and classi
fication of pulmonary carcinomas.
Diagn Cytopathol 1985;1:300-307.

150

8 Combs SG, Radosevich JA, Ma Y,
Lee I, Gould VE, Battifora H, Rosen
ST: Expression of the antigenic de
terminant recognized by the mono
clonal antibody 44-3A6 on select hu
man adenocarcinomas and normal
human tissues. Tumor Biol 1988:9:
116-122.
9 Piehl MR, Gould VE, Radosevich
JA, Ma Y, Warren WH, Rosen ST:
Immunohistochemical identifica
tion of exocrine and neuroendocrine
subsets of large cell lung carcinomas.
Pathol Res Pract 1988:183:675682.
10 Combs SG, Hidvegi DG, Ma Y,
Rosen ST, Radosevich JA: Pleo
morphic carcinoma of the pancreas:
A rare case report of combined his
tological features of pleomorphic
adenocarcinoma and giant cell tu
mor of the pancreas. Diagn Cytopa
thol 1988;4:316-322.
11 Radosevich JA, Noguchi M, Rosen
ST, Shimosato Y: Immunocytochemical analysis of human adeno
carcinomas and bronchioloalveolar
carcinomas of the lung using the
monoclonal antibody 44-3A6. Tu
mor Biol 1990;11:181-188.

12 Radosevich JA, Ma Y, Lee I. Salwen
HR, Gould VE, Rosen ST: Mono
clonal antibody 44-3A6 as a probe
for a novel antigen found human
lung carcinomas with glandular dif
ferentiation. Cancer Res I985;45:
5805-5812.
13 Radosevich JA, Siddiqui FS, Rosen
ST, Rabat WJ: Cell cycle and elec
tron microscopic evaluation of the
adenocarcinoma antigen recognized
by the monoclonal antibody 443A6. Br J Cancer 1991;63:86-87.
14 Tsein RY, Pozzan T, Rink TJ: Cal
cium homeostasis in intact lympho
cytes: Cytoplasmic free calcium
monitored with a new intracellularly
trapped fluorescent indicator. J Cell
Biol 1982;94:325-334.
15 Iqbal Z, Ochs S: Characterization of
the mammalian nerve CaM and its
relationship to axoplasmic trans
port: in Weiss D, et al (cds): Axo
plasmic Transport. New York,
Springer, 1982, pp 287-294.
16 Iqbal Z, Sze P: Ethanol action on
CaM-Ca-*-ATPasc activity in syn
aptic plasma membrane from rat
brain. Mol Pharmacol, in press.

Siddiqui/Iqbal/Radosevich

Calcium Effects on 44-3A6 Antigen
Levels

Downloaded by:
King's College London
137.73.144.138 - 3/5/2018 7:35:46 PM

References

23 Boynton AL, Whitfield JF, Isaacs
RJ, Tremblay RG: Different extra
cellular calcium requirements for
proliferation of nonncoplastic, preneoplastic and neoplastic mouse
cells. Cancer Res I977;37:26572661.
24 Cory JG, Carter GL. Karl RC: Cal
cium ion-dependent proliferation of
LI 210 cells in culture. Biochem Bio
phys Res Commun 1987; 145:556562.
25 Przywara DA, Bhave SV, Bhave A,
Wakadc TD, Wakade AR: Stimu
lated rise in neuronal calcium is fas
ter and greater in the nucleus than
the cytosol. FASEB J 1991:5:217222.
26 Takuwa N, Takuwa Y, Ohue Y, Mukai H, Endoh K, Yamashita K, Kumada M, Munekata M: Stimulation
of calcium mobilization but not pro
liferation by bombesin and tachy
kinin neuropeptides in human small
cell lung cancer cells. Cancer Res
1990;15:240-244.
27 Bozena K, Whale C, Kerbel RS: Pos
sible involvement of Ca2+ mobiliza
tion and protein kinase C activation
in induction of spontaneous metas
tasis by mouse mammary adenocar
cinoma. Cancer Res 1989:49:2597—
2602.

28 Russo MA, Bossi D, Osti M, Calviello G, Cittadini A: Shape change
leading to cell death and Ca2+ entry
in Yoshida hepatoma cells. Ann NY
AcadSci 1988;551:267-269.
29 Vincenzi FF, Hinds TR, Raess BU:
Calmodulin and the plasma mem
brane calcium pump. NY Acad Sci
1980;356:232-244.
30 James PH, Prischy M, Vorherr TE,
Penniston JT, Carafoli E: Primary
structure of the cAMP-dependent
phosphorylation site of the plasma
membrane calcium pump. Bio
chemistry 1989;28:4253-4258.
31 Norris V, Seror SJ, Casaregola S,
Holland IB: A single calcium flux
triggers chromosome replication,
segregation and septation in bacte
ria: A model. J Theor Biol 1988; 134:
341-350.
32 Means AR, Dcdman JR: Calmodu
lin an intracellular calcium receptor.
Nature (Lond) 1980;285:73-77.
33 Ochs S, Iqbal Z: The role of calcium
in axoplasmic transport in nerve: in
Cheung WY (ed): Calcium and Cell
Function. New York, Academic
Press, 1982, pp 325-355.
34 Nishimoto T, Ohkumi Y, Ogata E,
Kojima I: Insulin-like growth factor
II increases cytoplasmic calcium in
competent Balb/c 3T3 cells treated
with epidermal growth factor. Bio
chem Biophys Res Commun 1987;
142:275-286.

151

Downloaded by:
King's College London
137.73.144.138 - 3/5/2018 7:35:46 PM

17 Fabiato A, Fabiato F: Calculator
programs for computing the compo
sition of the solutions containing
multiple metals and ligands used for
experiments in skinned muscle cells.
J Physiol (Paris) 1979;75:463-505.
18 Zaheer N, Iqbal Z, TalwarGP: Met
abolic parameters of ontogenesis of
electrical activity in the brain. Sodi
um-potassium activated adenosine
triphosphatase in developing chick
embryo brain. J Neurochem 1968;
15:1217-1224.
19 Mosman T: Rapid colorimetric as
say for cellular growth and suvival:
Application to proliferation and cy
totoxic assays. J Immunol Methods
1983;65:55-63.
20 Hill TD, Kindmark H, Boynton AL:
Epidermal growth factor-stimulated
DNA synthesis requires an influx of
extracellular calcium. J Cell Biochem 1988;38:137-144.
21 Pickart L, Millard MM, Beiderman
B, Thaler MM: Surface analysis and
depth profiles of calcium in hepa
toma cells during pyruvate-induced
DNA synthesis. Biochim Biophys
Acta 1978;544:138-143.
22 Perotti M, Toddei F, Mirabelli F,
Vairetti M, Bellomo G, McConkey
DJ, Orrenius S: Calcium-dependent
DNA fragmentation in human syno
vial cells exposed to cold shock.
FEBSLett 1990:259:331-334.

