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Abstract. Sigma‑1 receptor (sigma‑1R), a 25‑kDa integral 
membrane protein, is expressed at a high density in various 
tumor cell lines and its ligands mediate tumor cell prolifera-
tion. However, the effect of this receptor on proliferation and 
the associated intracellular molecules in tumors remains 
unclear. The present study aimed to investigate the effect of 
sigma‑1R overexpression on MCF‑7 cell proliferation and the 
associated intracellular molecules that serve a key role in this 
process. The sigma‑1R proliferative function was examined by 
comparing the proliferation rates of a sigma‑1R‑overexpressing 
line, MCF‑41 with a sigma‑1R‑defective line, MCF‑7, in culture 
media with various serum concentrations. The results demon-
strated that MCF‑41 cells grew significantly faster compared 
with MCF‑7 cells, indicating a proliferation‑enhancing 
receptor function. This proliferation‑enhancing effect was 
completely eliminated by adding a PKC inhibitor to the culture 
media for MCF‑41 cells. To identify which PKC subtype 
affects the proliferative function of sigma‑1R, five inhibitors 
of PKC subtypes or enzymes involved in the PKC signaling 
cascade were introduced to MCF‑7 and MCF‑41 cell culture 
media and their effects on cell proliferation were compared. 
It was revealed that only the classic PKC subtype inhibitor, 
GF109203x, significantly inhibited MCF‑41 cell proliferation 
compared with the MCF‑7 line. In conclusion, among PKC 
iso‑enzymes only classic PKC subtype enzymes serve an 
important role in sigma‑1R overexpression enhancing MCF‑7 
cell proliferation.

Introduction

Deregulated cell proliferation is one of the critical events 
that propel tumor cells and their progeny into uncontrolled 
expansion and invasion. Sigma‑1 receptor (sigma‑1R), a 
25‑kDa integral membrane protein, has been reported to 
play a role in tumor cell proliferation (1). This receptor was 
found to represent a unique, non‑opioid, non‑phencyclidine, 
haloperiodol‑sensitive receptor family. Based on binding 
affinity, two subtypes of sigma receptors have been identified, 
namely sigma‑1R and sigma‑2R (2). Sigma‑1R has been cloned 
from several species and various tissues, and the protein 
is 223 amino acids in length, with a molecular weight of 
25 kDa (3,4). Sigma‑1R is a distant homolog to the sterol isom-
erase in yeast and fungi, with a single putative transmembrane 
domain and a cytoplasmic reticulum retention sequence (3,5). 
Although lacking enzymatic activity, sigma‑1R shares some 
pharmacological characteristics with this enzyme. The 
protein is considered to have two transmembrane‑spanning 
helices (amino acids 9‑28 and 81‑101), with a 125‑amino acid 
C‑terminus (6,7). Sigma‑1R is a chaperone protein binding 
with the chaperone binding immunoglobulin protein (BiP) in 
the lumen of the endoplasmic reticulum (ER). Agonists of the 
receptor stimulate its chaperone activity, which exerts a potent 
neuroprotective effect by ameliorating ER stress and reducing 
the levels of reactive oxygen radicals (5). Approaches using 
site‑directed mutagenesis and photo‑affinity probes identify 
that the ligand‑binding region of sigma‑1R is mainly located 
in the N‑terminus of the receptor; however, the C‑terminus 
facilitates the binding of the receptor with its ligands  (8), 
has chaperone function and enhances bradykinin‑stimulated 
calcium release (5,9). The sigma‑1R chaperone function was 
found to be ligand‑regulated in the intact protein; however, the 
ligand‑binding and chaperone functions are separable (8).

Initial research on sigma‑1R was focused on its role in the 
nervous system. Mounting evidence indicates that sigma‑1R 
is involved in a number of nervous system diseases, such 
as methamphetamine or cocaine addiction, amnesia, pain 
depression, Alzheimer's disease, Parkinson's disease, stroke, 
Huntington's disease and HIV infection (10). Sigma‑1R was 
later found to be expressed a thigh density in various tumor 
cells, suggesting the importance of this receptor in tumor 
cellular functions, as well as serving as a target binding site for 
tumor‑imaging agents (11,12). Accumulating evidence shows 
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that sigma‑1R ligands affect tumor cell proliferation. Human 
mammary adenocarcinoma, colon carcinoma and melanoma 
cell proliferation was inhibited by sigma‑1R ligands, such as 
haloperidol, DTG and SKF‑10047, in vitro cell culture experi-
ments (13). Similarly, sigma‑1R ligands, including haloperidol, 
2‑IBP {N‑[2‑(piperidino) ethyl]‑2‑iodo‑benzamide} and IPAB 
[2‑piperidinyl‑(aminoethyl)‑4‑iodobenzamide] were found to 
inhibit the growth of small‑cell lung cancer cells (14). Some 
sigma‑1R putative antagonists, but not putative agonists, 
inhibited tumor cell proliferation in vitro and in mouse tumor 
xenograft experiments  (1,15). However, whether sigma‑1R 
overexpression in cancer cells affects their proliferation has 
not yet been addressed.

Protein kinase C (PKC) is a family of serine/threonine 
kinases associated with tumor promotion. PKC play an 
important role in cell cycle regulation, cell survival, malig-
nant transformation and apoptosis  (16). PKC enzymes are 
stimulated by signals such as increase in the concentration of 
diacylglycerol (DAG) or calcium ions. Activated PKC phos-
phorylate hydroxyl groups of serine and threonine amino acid 
residues on various substrate proteins, depending on cell type, 
regulate various functions, including receptor desensitiza-
tion, membrane structure events, gene transcription, immune 
response and cell growth. To date, at least 12 isoforms of PKC 
have been cloned, each displaying different enzymatic proper-
ties, tissue expression and intracellular localization (17,18). The 
PKC family comprises three groups: Classic PKCs (PKCα, 
PKCβ1, PKCβ2 and PKCγ), novel PKCs (PKCδ, PKCε, PKCη, 
PKCθ and PKCµ) and atypical PKCs (PKCζ, PKCλ and PKCι), 
which require different stimulators for their full activation.

It has been well‑documented that the PKC family regulates 
cell proliferation and migration in breast tumor cell lines (19). 
PKCα plays a key role in controlling the proliferation of breast 
cancer cells through the activation of extracellular signal‑regu-
lated kinase (ERK)  (20) and telomerase  (21). Stimulating 
PKCβI and βII in MCF‑7 cells enhance their growth by 
upregulating the expression of cyclin D1 (22). PKCη upregula-
tion in malignant breast cells was found to be associated with 
cancer cell growth and survival via hormone‑dependent cell 
growth pathways (23,24). PKCζ stimulates estrogen‑mediated 
breast cancer cell growth by stabilizing steroid receptor 
coactivator‑3 (25,26). Finally, PKCδ is a potential pro‑prolif-
erative factor in breast cancer cells, as TPA‑mediated PKCδ 
activation leads to the activation and nuclear translocation of 
estrogen receptor (ER)α and enhances ER‑dependent reporter 
gene expression (27). Although both sigma‑1R and PKC are 
involved in cell proliferation, the possibility of a connection 
between them has not yet been addressed.

While evaluating the role of sigma‑1R C‑terminus in inositol 
1,4,5‑trisphosphate (IP3) receptor activation (9), we found that 
the sigma‑1R‑overexpressing cell line, MCF‑41, proliferated 
significantly faster compared with the sigma‑1R‑defective line, 
MCF‑7 (9,11). Based on these observations and the roles of 
sigma receptors and PKC isoenzymes in cell proliferation, the 
present study aimed to investigate how sigma‑1R overexpres-
sion affects the proliferation rate of MCF‑7 cells, and establish 
the connection via a signaling pathway between sigma‑1R 
and PKC subtype enzymes in the pro‑proliferative receptor 
function, which may provide potential molecular targets for 
anticancer treatment.

Materials and methods

Production of stably transfected cell lines and cell culture. 
Breast tumor cell lines stably transfected with pcDNA3.1 
expression vectors harboring intact sigma‑1R (MCF‑41line) 
or its C‑terminus (aa 102‑223, sg101 line) were developed as 
previously described (9). MCF‑7 (ATCC, Manassas, VA, USA), 
MCF‑41 and sg101 cells were cultured in Dulbecco's minimal 
essential medium (DMEM) containing 1.5 g/l NaHCO3, 10% 
fetal bovine serum, insulin (10 mg/l) and penicillin/strepto-
mycin (100 U/100 µg/ml). All cell cultures were performed 
in a humidified atmosphere of 5% CO2 and 95% air at 37˚C. 
On the third day of the cell cultures, cells were observed from 
the culture flask under a phase‑contrast inverted microscope. 
Images of the cells were captured using a Carl Zeiss Axiovert 
200 microscope. No specific staining was performed.

Cell proliferation assays. Cells were seeded into 96‑well plates 
at a density of 1x104 cells per well, and cultured in 5% CO2 at 
37˚C overnight. On the second day, the medium was replaced 
by fresh medium, with or without various concentrations of 
fetal bovine serum, and six parallel wells were arranged for 
one experiment. Media were refreshed every 3 days. CCK‑8 
reagent (10 µl) was added to each well at the indicated time 
points (days 0, 1, 2, 3, 4, 5, 6 and 7) and incubated for 1 h at 
37˚C. Optical absorbance was read by a Victor V plate reader 
at a wavelength of 450 nm. The readings were normalized to 
blank medium. Cell proliferation was calculated as the ratio of 
the readings of the selected day to the readings of day 0.

Proliferation of enzyme inhibiting assays. The protocol was 
similar to that described above for the proliferation assay. 
The main difference was that the cell medium was changed 
after 24 h and replaced by different concentrations of enzyme 
inhibitors, as described in the text, with complete serum or 
serum without insulin and fetal bovine serum. Measurements 
were performed as described in the proliferation assays and 
the readings were normalized to blank medium, either with or 
without serum and insulin.

Statistical analysis. Values are presented as mean ± standard 
deviation. Data were analyzed by the Student's t‑test or 
one‑way analysis of variance with post hoc comparisons using 
Student‑Newman‑Keuls test. The data were analyzed using 
SPSS software v20.0 (IBM Corp., Armonk, NY, USA). P<0.05 
was considered to indicate statistically significant differences.

Results

Sigma‑1R overexpression in MCF‑7 cells was associated with 
higher proliferation rate and changed cell morphology. In 
order to investigate how serum differently affected the growth 
rates in the MCF‑7, sg101 and MCF‑41 cell lines, the cells were 
cultured in media containing various serum concentrations 
(0, 0.3 and 10%) and the proliferation rates were measured at 
indicated time points, as shown in Fig. 1A‑C. As illustrated in 
Table I, MCF‑41 cell proliferation was 4.5‑, 3.5‑ and 3.4‑fold 
during a 96‑h cell culture in media containing 10, 0.3 and 0% 
serum, respectively. However, the proliferation of wild‑type 
MCF‑7 cells was only 1.8‑, 1.5‑ and 1.3‑fold during same 
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period. Thus, MCF‑41 cells exhibited a significantly higher 
proliferation rate compared with wild‑type MCF‑7 cells, even 
at low serum concentrations. Of note, sigma‑1R overexpres-
sion enhanced cell proliferation in the absence of serum, i.e., 
absence of exogenous growth signals. The C‑terminal segment 
of sigma‑1R has been shown to enhance bradykinin‑stimulated 
calcium signaling (9). We also determined the proliferation 
rate of the sg101 cell line in media with different serum 
concentrations. As shown in Fig. 1 and Table I, the prolif-
eration rate of sg101 cells was 2.9‑, 2.4‑ and 1.9‑fold during a 
96‑h culture in media with varied concentration of serum, as 
mentioned above. The proliferation rates of sg101 cells were 
significantly higher compared with those of MCF‑7 cells, but 
slightly lower compared with the MCF‑41 cell line. The results 
demonstrated that sigma‑1R played a key role in promoting 
the proliferation in breast tumor cells, and identified the 
C‑terminus of sigma‑1R as the functional domain driving cell 
proliferation. These results were consistent with previous find-
ings supporting that the C‑terminus of sigma‑1R is the cellular 
function domain of the receptor (9). In addition to enhancing 
cell proliferation rate, overexpression of sigma‑1R affected 
cell morphology. As shown in Fig. 2, the shape of MCF‑7 cells 
was round‑like, MCF‑41 cells appeared more expanded and 
displayed pseudo‑flagella, and the sg101 cell line displayed 
more prominent expansion compared with MCF‑7 cells, but 
less prominent expansion compared with MCF‑41 cells. Thus, 
sigma‑1R expression was found to be associated with cell 
morphology, providing additional evidence supporting the 
cellular function of sigma‑1R.

Sigma‑1R overexpression increased MCF‑7 cell proliferation 
rate via the PKC pathway. Tumors often progress from benign 
to malignant due to continuous mutations that enhance the 
sensitivity of cells to growth factor signals (28). The present 
study revealed that sigma‑1R overexpression promotes tumor 
cell proliferation, which may be a part of this process. In order 
to identify the key molecules involved in the mechanism under-
lying the role of sigma‑1R in proliferation, various enzyme 
inhibitors for 3 well‑documented entities located upstream and 
downstream in the PKC signaling cascade, or PKC subclass 
isoenzymes associated with cell proliferation, were used in the 
CCK‑8 assay and data were analyzed.

PI3K inhibition did not affect cell proliferation. To examine 
whether sigma‑1R‑overexpressing cells exhibited enhanced 
proliferation through the PI3K signaling pathway, the CCK‑8 

assay was performed with the PI3K inhibitor, LY294002. Cells 
were cultured in media containing various concentrations of 
LY294002, and proliferation rates were measured by CCK‑8 as 
described in Materials and methods. The results are presented 
in Fig. 3A, and show that the PI3K inhibitor did not affect 
the proliferation rate of either MCF‑7 or MCF‑41 cells over a 
period of 48 h. These results indicated that the PI3K signaling 
pathway was not associated with sigma‑1R overexpression 
enhancing cell proliferation. LY294002 and all inhibitors used 

Table I. Summary proliferation rates of MCF-41, sg101 and 
MCF‑7 after 96 h of cell culture in different media which 
contain 10, 0.3 and 0% fetal bovine serum.

	 Cell lines
Serum	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
concentration (%)	 MCF‑7	 MCF‑41	 Sg101

10.0	 1.8	 4.5	 2.9
  0.3	 1.5	 3.5	 2.4
  0.0	 1.3	 3.4	 1.9

Figure 1. Proliferation curves for the MCF‑41, sg101 and MCF‑7 cell lines 
in different concentrations of serum. Cells were seeded into 96‑well plates 
(1x104 cells per well) and cultured with media containing (A) 0, (B) 0.3 and 
(C) 10% fetal bovine serum, and cell proliferation rates were measured at 
specific time points (24, 48, 72, 96 and 120 h). The values are presented as 
the mean ± standard error of the mean.
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in following studies were examined to confirm their effects 
and specification meet the research goals according to manu-
facturer's handbook when they were delivered from chemical 
companies (data not shown).

MEK1/2 inhibition did not affect cell proliferation. We 
investigated whether the MEK1/2 signaling pathway was 
involved in sigma‑1R enhancing cell proliferation. An 
experiment similar to that performed with the PI3K inhibitor 
was conducted using a MEK1/2 inhibitor, PD98059. Cells 

were cultured in media with various concentrations of 
PD98059, and CCK‑8 assays were performed at the indi-
cated time points, as described in Fig. 3B. The data revealed 
that PD98059 did not affect the proliferation of MCF‑7 or 
MCF‑41 cells within a period of 48 h. Thus, MEK1/2 is not 
involved in the signaling pathway of sigma‑1R driving cell 
proliferation.

PKC inhibition affected cell proliferation. Based on the 
fact that PKC isozymes play critical roles in cell prolif-
eration, we examined whether PKC were associated with 
sigma‑1R overexpression driving cell growth. The effect of 
PKC inhibition on cell growth was examined by the CCK‑8 
assay with 10 µM sotrastaurin, a universal PKC inhibitor, at 
24, 48 and 72 h. As shown in Fig. 4A, sotrastaurin inhibited 
MCF‑41 cell proliferation more potently compared with the 
MCF‑7 cell line. We investigated further to determine which 
PKC subtype was involved in this function. LY333531 and 
dimethoxy‑substituted phenyl‑thiophene (DSPT), inhibitors 
of nPKC and aPKC, respectively, were used in the CCK‑8 
assay, and the results revealed that neither inhibitor affected 
proliferation in the two cell lines (Fig. 4B and C). However, 
GF109203x, a classic PKC subtype enzyme inhibitor, inhibited 
cell proliferation (Fig. 4D). The results are shown in Fig. 4D: 
MCF‑7 cell proliferation rates decreased slightly when 

Figure 3. Neither the PI3K inhibitor LY294002, or the MEK1/2 inhibitor 
PD98059, affected cell proliferation. Cells were seeded into 96‑well plates 
(1x104 cells per well) and cultured with regular media containing 0, 0.1, 1, 10 
and 20 µΜ LY294002 or PD98059 for 48 h. (A) Cells cultured in medium 
containing various concentrations of LY294002. (B) Cells cultured in medium 
containing various concentrations of PD98059. Cell proliferation rates were 
measured at 48 h and normalized relative to the control (media without 
inhibitor). The experiment for each bar was repeated 6 times and each value 
represents the mean of six separate experiments. The values are presented as 
the mean ± standard error of the mean. PI3K, Phosphatidylinositol 3‑kinase; 
MEK, mitogen‑activated kinase.

Figure 2. Live morphological observation of the MCF‑7, sg101 and MCF‑41 
cell lines under a phase‑contrast microscope at a magnification of x200. 
The three cell lines, expressing different levels of sigma‑1R or its truncated 
construct, displayed different morphologies. (A) MCF‑7, (B)  sg101 and 
(C) MCF‑41 cells.
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GF109203x concentration was increased from 0 to 1 µM, 
but the proliferation rate mildly increased when the inhibitor 
concentration was further increased to 10 µM. In the MCF‑41 
cell line, however, the proliferation rates decreased signifi-
cantly following an inhibitor concentration increase from 0 to 
0.01 µM, and the rates decreased even more when the inhibitor 
concentration was increased from 1 to 10 µM. This experi-
ment clearly indicated that sigma‑1R overexpression driving 
MCF‑41cell proliferation was associated with classic PKC 
subtype isoenzymes.

Discussion

Overexpression of sigma receptors has been found in various 
types of human cancer cells (11,12). Previous studies revealed 
that sigma‑1R ligands affected tumor cell proliferation (13‑15). 
Overexpression of some receptors, such as TRIM29, was 
recently reported to facilitate cancer cell proliferation (29,30). 
However, little was known on whether the overexpression of 
sigma‑1R in cancer cells regulated cell proliferation. In the 
present study, we demonstrated that overexpression of this 
receptor constitutively enhanced MCF‑7 cell proliferation, even 
in absence of any of the receptor ligand, strongly indicating that 
sigma‑1R is an oncoprotein. This result was consistent with 
a previous study reporting that sigma‑1R‑overexpressing cell 
lines exhibited constitutively enhanced bradykinin‑induced 
calcium release, driving sigma agonist‑independent dissocia-
tion of ANK 220 from IP3R‑3, resulting in its activation (9). 
Thus, it is possible that the positive effect of sigma‑1R on 
cell proliferation may be due to the receptor sensitizing cells 
to various growth signals associated with the IP3R‑3/Ca2+ 

signaling pathway. In the present study, sigma‑1R overexpres-
sion driving cell proliferation was inhibited by GF109203x, 
suggesting that the pro‑proliferative effects of sigma‑1R are 
closely associated with classic PKC subtype enzymes.

PKC isozymes are known to be involved in cell proliferation, 
survival, invasion and migration. Activation of PKC isozymes 
may be triggered by changes in intracellular cofactors of 
PKCs, which are activated by stimulation from receptor tyro-
sine kinases (RTKs), G‑protein‑coupled receptors (GPCR) and 
integrins (31). RTKs include receptors for epidermal growth 
factor (EGF), fibroblast growth factor (FGF), platelet‑derived 
growth factor (PDGF), vascular endothelial growth factor 
(VEGF), hepatocyte growth factor (Met), and insulin receptor 
family (IR) (32‑34). Thus, various growth factors in the serum 
can stimulate RTKs on the cell surface. GPCRs recruit and 
activate PKC by releasing factor Gαq, which stimulates 
phospholipase C (PLC)‑β to hydrolyze phosphatidylinositol 
biphosphate (PIP2) and produce IP3 and DAG, the two major 
secondary messengers required for stimulation of PKC (35). 
Integrins and other extracellular matrix protein clusters may 
also activate PKC via the PLC signaling cascade, which only 
acts in the formation of cellular focal adhesions (36). Thus, 
overexpression of sigma‑1R regulating PKC activation to 
promote cell proliferation may be mediated only through 
the RTK or GPCR cascade rather than through the integrins 
pathway. The proliferation data revealed that sigma‑1R over-
expression drove cell proliferation in the absence of serum in 
the culture medium, indicating that sigma‑1R regulates PKCs 
even when RTKs are silent. Therefore, our data indicated 

Figure 4. PKC enzyme inhibitor affects cell proliferation. Cells were seeded 
into 96‑well plates (1x104 cells per well) and cultured with regular media 
containing (A) 10 µΜ sotrastaurin for 24, 48 and 72 h; 0.0, 0.1, 1.0, 10.0 
and 20.0 µΜ of (B) LY333531or (C) DSPT; and (D) 0, 0.1, 1.0 and 10.0 µΜ 
GF109203x for 48 h. Cell proliferation rates were measured at the designated 
time points and normalized relative to the control (media without inhibitor). 
The experiment for each bar was repeated 6 times and each value repre-
sents the mean of six separate experiments. The values are presented as the 
mean ± standard error of the mean. *P<0.05; **P<0.01. PKC, protein kinase C.
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that sigma‑1R regulating PKCs may be through the GPCR 
signaling pathway. A recent study confirmed that sigma‑1R 
directly interacts with Rac1‑GTPase in the brain mitochon-
dria, providing more evidence supporting our hypothesis (37).

In breast cancer cells, several PKC isozymes, such as 
PKCα, β, δ, ε, ζ, η and θ, are involved in cell proliferation, 
differentiation, survival and apoptosis (19). In the present 
study, we first tested whether the Ras/Raf/MEK/ERK prolif-
eration signaling pathway was associated with sigma‑1R 
overexpression driving cell proliferation. The MEK1/2 inhib-
itor, PD98059, was employed in the cell proliferation assay 
and the data demonstrated it did not affect MCF‑7 or MCF‑41 
cell proliferation, indicating that this signaling pathway 
is not involved in sigma‑1R‑mediated cell proliferation. 
Second, we tested whether the PI3K/Akt/mTOR proliferation 
signaling pathway was involved in sigma‑1R overexpression 
driving cell proliferation. The PI3K inhibitor, LY294002, 
was used in the proliferation assay and it was found to exert 
no effect on cell proliferation. Therefore, this pathway was 
not associated with the effects of sigma‑1R driving cell 
proliferation. Finally, a universal PKC inhibitor, sotrastaurin, 
was used in the cell proliferation assay, and the data revealed 
that the compound inhibited both MCF‑7 and MCF‑41 cell 
proliferation, suggesting that the PKC isoenzymes contribute 
to sigma‑1R‑induced cell proliferation. These findings 
were consistent with previous research reporting that PKC 
isozymes stimulate survival‑ or proliferation‑associated 
signaling pathways in cancer (19). The PKC family can be 
classified into three subfamilies: Classic, novel and atypical 
PKCs. We investigated further to determine which PKC 
isoenzymes are involved in the pro‑proliferative function 
of sigma‑1R. The atypical PKC subtype inhibitor DSPT, 
the novel PKC subtype inhibitor LY333531, and the classic 
PKC subtype inhibitor GF109203x were used in MCF‑41 
and MCF‑7 cell proliferation assays, and GF109203x inhib-
ited cell proliferation to a significantly greater extent in the 
sigma‑1R‑overexpressing MCF‑41 cell line compared with 
the sigma‑1R‑defective MCF‑7 cell line. These results demon-
strated that only classic PKC subtype enzymes are associated 
with sigma‑1R‑mediated cell proliferation. One signaling 
pathway for cell proliferation is the PKCζ‑MEK‑ERK (38), 
but our data demonstrated that MEK1/2 inhibition did not 
affect MCF‑41 or MCF‑7 cell proliferation, providing further 
evidence that atypical PKCs, such as PKCζ, are not involved 
insigma‑1R‑induced cell proliferation. It should be noted that 
in the experiments, the PI3K and MEK/ERK inhibitors exist 
in cell culture media up to 48 h, the cells still survive. The 
main reason may be that multiple signaling pathways are 
associated with cell growth and survival, and these signaling 
pathways usually serve as backup each other, when one or 
more pathways are blocked, the others can compensate them 
and this keep cells still survive.

GF109203x is a potent PKC inhibitor with an IC50 
of 20, 17, 16 and 20  nM for PKCα, PKCβI, PKCβII and 
PKCγ, respectively, in cell‑free assays. In the present study, 
the data revealed that GF109203x inhibited MCF‑41 and 
MCF‑7 cell proliferation, consistently with previous studies 
reporting that overexpression of PKCα may contribute to 
increased anchorage‑independent growth, tumorigenicity 
and metastasis (39). The PKCβ isoform has been implicated 

in mammary tumorigenesis inhuman and rodent models, and 
is generally considered to be a growth‑promoting kinase; in 
addition, the PKCβ‑specific inhibitor LY379196 significantly 
reduces the growth of MCF‑7, MDA‑MB‑231and BT‑474 
breast cancer cells (23). All these previous studies support 
that classic PKCs are key enzymes in tumor cell prolif-
eration. Our data clearly indicated that sigma‑1R‑induced 
MCF‑7 cell proliferation is mediated through the classic 
PKC subtype pathway, at least in part. However, the accurate 
PKC of classic PKC subtype enzymes is not identified due 
to short of specific chemical currently which inhibit one of 
classic PKC enzymes without affecting the other member in 
the group of PKC, and details on the mechanism underlying 
sigma‑1R activation of classic PKC isoenzymes are unknown 
at present, and further investigation is required focus on 
these points in the future study.

In conclusion, our data demonstrated that the 
sigma‑1R‑overexpressing cell line, MCF‑41, grew significantly 
faster compared with MCF‑7, whereas this enhancement of 
cell proliferation was completely eliminated by the addition 
of PKC inhibitor to the culture media. Among PKC isoenzyme 
inhibitors, only the classic PKC subtype inhibitor, GF109203x, 
inhibited MCF‑41 cell proliferation significantly compared 
with MCF‑7 cells. In conclusion, sigma‑1R overexpression 
driving MCF‑7 cell proliferationis, at least in part, mediated 
through the classic PKC subtype signaling pathway. Due to 
sigma‑1R highly expressing in various tumor cells (11,12), our 
finding provides new critical molecule targets for anti‑tumor 
drug design in cancer therapy.
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