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Abstract. Gap junctions (GJs) enhance the cytotoxicity of 
specific cancer chemotherapeutic drugs and therefore, the 
inhibition of functional GJs may represent a mechanism by 
which the toxicity of chemotherapeutics in cancer cells can 
be reduced. In the present study, the effects and mechanisms 
of paclitaxel and docetaxel on GJ intercellular communica-
tion (GJIC) and the modulation of drug cytotoxicity were 
investigated in HeLa cells that were stably transfected with 
the connexin (Cx) 32 expression plasmid. Paclitaxel, but not 
docetaxel, was observed to inhibit dye‑coupling through junc-
tional channels. Gating closure rather than the alteration of 
Cx32 expression or its membrane localization was responsible 
for the inhibitory action of paclitaxel on GJ function following 
short‑term exposure. The results revealed that the cytotox-
icity of paclitaxel or docetaxel increased in the presence of 
functional GJs compared with that observed when GJIC was 
suppressed. In addition, paclitaxel‑induced downregulation of 
GJIC decreased the cytotoxicity of paclitaxel in the presence 
of functional GJs compared with that of docetaxel, which did 
not affect Cx32 channels. These observations demonstrated 
that the differential effects of paclitaxel and docetaxel on 
GJIC may affect the cytotoxicity of chemotherapeutic drugs. 
The present study provides a promising new approach to select 
antineoplastics and improve drug efficacy in carcinoma cells 
that form GJs.

Introduction

Paclitaxel and docetaxel belong to the taxane family and are 
based on the backbone structure of baccatin III. These drugs 
have been widely used as antineoplastic agents for almost two 
decades and are effective for the treatment of a wide spectrum 

of cancer forms (1‑3). However, the development of tumor 
resistance to these agents has limited their clinical success (4). 
Therefore, an approach to enhance the cytotoxicities of pacli-
taxel and docetaxel while minimizing resistance is required.

Gap junctions (GJs) are plasma membrane channels 
between adjacent cells that may be open or closed (gating 
function). GJs are composed of two hemichannels, also known 
as connexons. Each connexon contains six transmembrane 
connexin (Cx) monomers and docks to its counterpart in the 
coupled cell membrane to form a GJ channel. GJs provide 
a direct method of intercellular communication via the 
transfer of ions, metabolites and other small molecules. GJ 
intercellular communication (GJIC) is crucial for a number of 
physiological processes, including cell proliferation, differen-
tiation, synchronization and maintenance of homeostasis (5,6). 
In addition, a number of studies have demonstrated that GJIC 
is important for cancer biology (7‑9).

Previous studies have demonstrated that the toxicity of 
cisplatin and oxaliplatin is increased by the presence of GJIC 
in transformed cell lines (10,11). The enhanced cytotoxicity 
may be due to the intercellular transmission of a ‘death signal’ 
via GJ channels to neighboring cells. This effect has been 
reported in radiation treatment, where unirradiated cells adja-
cent to irradiated cells also underwent cell death (12,13). In 
addition, the engagement of GJs may represent an approach 
for enhancing the efficacy of cancer therapeutics, whereas the 
inhibition of GJs is likely to decrease their efficacy.

The sensitivity of human glioblastoma cells to paclitaxel is 
increased by Cx43 expression, in part, by downregulation of 
BCL‑2 (14). Paclitaxel has an inhibitory effect on GJ function 
in lens epithelial cells, while GJIC is augmented by docetaxel 
in murine salivary gland carcinoma cells (15,16). However, the 
link between the cytotoxicity of paclitaxel/docetaxel and GJIC 
has not been determined. In addition, while the structures of 
paclitaxel and docetaxel exhibit only minor differences (Fig. 1), 
their effects on junctional channels are distinguishable. The 
comprehensive mechanisms by which these two agents affect 
Cx channels remain largely unknown (14,16).

In the present study, functional GJs were found to enhance 
paclitaxel‑ and docetaxel‑induced cytotoxicity in HeLa cells 
transfected with the Cx32 gene (Cx32 HeLa cells). Docetaxel 
has a modest effect on GJIC, while paclitaxel suppresses GJ 
function in Cx32 HeLa cells. The inhibition of Cx32 chan-
nels by paclitaxel was found to be associated, in part, with the 
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closure of their gating function following short‑term exposure 
to paclitaxel. The differential effects of paclitaxel and docetaxel 
on GJs affect their own toxicities in Cx32 HeLa cells.

Materials and methods

Materials. Paclitaxel, docetaxel, doxycycline and 
18‑α‑glycyrrhetinic acid (18‑α‑GA) were purchased from 
Sigma‑Aldrich (St. Louis, MO, USA). Calcein acetoxymethyl 
ester (Calcein‑AM) and cell culture reagents were purchased 
from Invitrogen Life Technologies (Carlsbad, CA, USA). 
Primary and secondary antibodies for western blot analysis 
were obtained from Sigma‑Aldrich. Secondary antibodies 
for immunofluorescence were purchased from Invitrogen 
Life Technologies. All other reagents were purchased from 
Sigma‑Aldrich unless otherwise stated.

Cell culture. The HeLa cell line used in this study expressed 
the Cx32 gene under the control of a bidirectional tetracy-
cline‑inducible promoter and was previously described (17). 
The Cx32 coding sequence was followed by an influenza 
hemagglutinin (HA) epitope tag at the C‑terminus and Cx32 
expression was induced by doxycycline (1 µg/ml) for 48 h. 
Cells were grown in DMEM supplemented with 10% (v/v) 
fetal bovine serum, 200 µg/ml hygromycin B and 100 µg/ml 
G418 sulfate.

Pa c l i t a x e l /d o ce t a x e l  a n d  18 ‑ α‑ GA t rea t m e n t . 
Paclitaxel/docetaxel and 18‑α‑GA were dissolved in dimeth-
ylsulfoxide (DMSO) and diluted in cell culture medium where 
required. The final DMSO concentration did not exceed 0.1% 
(v/v). 18‑α‑GA (10 µM) was added to the cells 1 h prior to 
treatment. 18‑α‑GA was not removed from the cells during 
paclitaxel/docetaxel treatment.

Assay to measure the cytotoxicity of paclitaxel and docetaxel. 
The toxicity of paclitaxel/docetaxel was evaluated using a 

standard colony‑forming assay (10). Briefly, cells were seeded 
at high density (~3x104 cells/cm2) to ensure cells were 70-100% 
confluent at the time of drug treatment. Following exposure to 
paclitaxel/docetaxel for 6 h at 37˚C, cells were rinsed twice 
with PBS, harvested by trypsinization, counted, diluted and 
reseeded into 6‑well plates at a density of 500 cells/well. 
The cells were cultured for 5-8 days and then stained with 
4% crystal violet in ethanol. Colonies containing ≥50 cells 
were counted. For the low cell density condition, cells were 
seeded at ~100 cells/cm2. GJs are not formed under these 
conditions as the cells were not able to form contacts with 
each other. Cells were incubated with paclitaxel/docetaxel for 
6 h following attachment and processed as described. Plating 
efficiency was normalized against the number of colonies 
formed by vehicle‑treated cells. The colony forming efficiency 
of the untreated cells grown under the low‑ and high‑density 
conditions were not found to be significantly different from 
each other (data not shown).

Dye‑coupling assay. A ‘parachute’ dye‑coupling assay was 
used to test the functional GJs, as described previously (17,18). 
Donor cells were dual‑labeled in culture medium supple-
mented with 5 µM CM‑Dil and 5 µM Calcein‑AM. CM‑Dil 
is a red membrane dye that does not permeate through GJs 
to spread to adjacent cells. Calcein‑AM is transformed intra-
cellularly into the GJ‑permeable dye calcein. The donor cells 
were washed with PBS, trypsinized and seeded on a mono-
layer of receiver cells at a ratio of 1:150 (donor/receiver) for 4 h 
at 37˚C. Receiver cells containing calcein were monitored by 
fluorescence microscopy and the average number of receiver 
cells containing calcein/donor cell was scored and normalized 
to that of the control.

Western blot analysis. Western blot analysis was performed as 
described previously (11). In brief, whole‑cell lysates (20 µg) 
were fractionated by 10% SDS‑PAGE and transferred onto 
a nitrocellulose membrane. Cx32 protein was detected by 
exposure to mouse anti‑HA clone HA‑7 IgG in Tris‑buffered 
saline and Tween‑20 (dilution, 1:1,000), followed by the addi-
tion of alkaline phosphatase‑conjugated goat anti‑mouse IgG 
(secondary; dilution, 1:2,000). The anti‑β‑actin primary and 
secondary detection antibodies were diluted to 1:10,000. All 
western blot exposures were within the linear range of detection 
and the intensities of immunopositive bands were quantified 
using Quantity One software (Bio‑Rad, Hercules, CA, USA).

Immunofluorescence of Cx32. Following treatment with 
paclitaxel/docetaxel for 1 h, cells were fixed with 4% parafor-
maldehyde and then blocked with 2% BSA. Mouse anti‑HA 
(dilution, 1:200) was applied for 4 h at room temperature, 
followed by an FITC‑conjugated goat anti‑mouse secondary 
antibody (dilution, 1:400) for 1 h in the dark. Hoechst 33258 
was applied for 5 min to stain the nuclei of the cells. Following 
washing three times with PBS, cells were visualized and 
images were captured using an Olympus IX71 fluorescence 
microscope.

Dye uptake assay. A dye uptake assay was used for evaluating 
the hemichannel activity. Cx32 HeLa cells were plated at 
low densities such that the majority of the cells were not in 

Figure 1. Structures of paclitaxel and docetaxel. 
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physical contact with each other. The cells were exposed to 
paclitaxel/docetaxel in Ca2+‑free DMEM for 1 h, followed by 
incubation with 1% lucifer yellow (LY) and 1% rhodamine 
dextran (RD) in PBS for 10 min. LY is a GJ‑permeable dye 
and serves as a tracer for hemichannel activity. RD is too large 
to spread via GJs and was therefore used as a negative control. 
Following treatment, the cells were rinsed with culture medium 
containing normal calcium and observed under a fluorescence 
microscope. Dye uptake was measured using the percentage 
of fluorescent cells containing LY normalized to that of the 
solvent control.

Statistical analysis. Data were analyzed with the Sigma Plot 
software (Jandel Scientific, San Rafael, CA, USA) using the 
unpaired Student's t test and presented as the mean ± SEM. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Effect of cell density on the cytotoxicity of pacli‑
taxel/docetaxel. HeLa cells expressing Cx32 were cultured 
under low‑density conditions, in which GJs did not form as 
the cells were not in physical contact and high‑density condi-
tions, which permitted GJ formation. Following exposure to 
paclitaxel/docetaxel for 6 h, cell survival was assessed using 
a standard colony formation assay. At the two densities, 
paclitaxel and docetaxel reduced the clonogenic survival in 
a dose‑dependent manner (Fig. 2). However, the survival of 
cells plated at a high density was significantly less than that 
of cells plated at a low density at concentrations of paclitaxel 
up to 0.1 µM (Fig. 2A) or at concentrations of docetaxel up to 
0.05 µM (Fig. 2B). These results indicate that the cytotoxicity 
of these agents is greater when cells are plated at high densi-
ties. In addition, Fig. 2C and D demonstrate that the reduction 
ratios of the cell survival between high‑ and low‑density 
cultures were 18.5±3.5, 17.7±2.7, 16.8±4.9 and 11.11±2.5% 
at concentrations of paclitaxel between 0.01 and 0.5 µM, 
respectively and 33.8±9.0, 44.2±7.7, 41.0±6.4 and 48.3±2.0% 
at concentrations of docetaxel between 0.001 and 0.05 µM, 
respectively. These results indicate that the enhanced sensi-
tivity of docetaxel attributable to the high‑density culture 
is higher than that of paclitaxel at the tested concentrations. 
Specifically, cell death at low density was ~20% at 0.05 µM 
paclitaxel and 0.001 µM docetaxel. However, cell death at 
high density was 34 and 49% at the same concentrations of 
paclitaxel and docetaxel, which represent increases by factors 
of 1.7 and 2.5, respectively. Thus, the toxic effect of docetaxel 
was higher than that of paclitaxel when cells were grown at 
high‑cell density.

Together, these results demonstrate that the cytotoxicities 
of paclitaxel and docetaxel are dependent on cell density and 
indicate that docetaxel induces a greater increase in toxicity to 
high‑density culture than paclitaxel.

Effect of cell density on paclitaxel and docetaxel response 
is associated with GJIC. The difference between the cyto-
toxicity of paclitaxel and docetaxel in Cx32 HeLa cells at 
low‑ and high‑density conditions indicates a possible role for 
intercellular communication. GJIC is a major pathway for 

such intercellular communication. To investigate the effect of 
GJIC on paclitaxel/docetaxel sensitivity, two methods were 
adopted to modulate Cx expression and GJ function, including 
the induction of Cx32 expression with doxycycline and the 
inhibition of GJIC using a chemical inhibitor. The induction 
of Cx32 expression with doxycycline and its localization on 
the cell membrane were confirmed by western blot analysis 
and immunofluorescence (Fig. 3A and B). The emergence of 
GJIC in Cx32 HeLa cells and the inhibitory effect of 18‑α‑GA, 
a known GJ blocker (19), were detected using a ‘parachute’ 
dye‑coupling assay (Fig. 3C).

At high densities, the survival of doxycycline‑induced 
(Cx32 expression) cells was substantially decreased at 0.05 µM 
paclitaxel or 0.001 µM docetaxel, compared with the survival 
of uninduced (no Cx32 expression) cells. Specifically, cell 
survival induced by paclitaxel or docetaxel was significantly 
reduced by 20.3 and 39.3%, respectively (Fig. 4A). Incubation 
of Cx32‑expressing cells with 10 µM 18‑α‑GA under high 
cell‑density conditions increased survival from 65.7 to 79.0% 
in the presence of 0.05 µM paclitaxel (P<0.05) and from 51.0 
to 81.2% in the presence of 0.001 µM docetaxel (P<0.05; 
Fig. 4B). These results indicate that the toxicities of paclitaxel 
and docetaxel are significantly increased when cells are plated 
at high density and Cx32 is expressed, or when junctional 
channels are not blocked. These results indicate that enhanced 
paclitaxel and docetaxel cytotoxicities at high cell densities are 
mediated by GJIC.

Effect of paclitaxel and docetaxel on GJ function. As 
described, paclitaxel/docetaxel toxicity is regulated by GJIC at 
high cell densities. Cell death is likely to markedly reduce the 
valid cell density for forming GJIC. Therefore, if paclitaxel or 
docetaxel affected channel function by influencing exclusion 
from cell death, the toxicity of the agents would be altered. To 
verify this hypothesis, a ‘parachute’ dye‑coupling assay was 
performed to determine the effects of paclitaxel and docetaxel 
on Cx32 channels. Following treatment of Cx32 HeLa cells 
with paclitaxel/docetaxel for 1 h, which did not lead to cell 
death, paclitaxel markedly reduced dye coupling (Fig. 4C), 
while docetaxel had no effect on the spread of dye among 
cells (Fig. 4D). As demonstrated in Fig. 2, at a concentration 
range over which the cell density affected paclitaxel/docetaxel 
toxicity, the sensitivity of docetaxel was higher than that of 
paclitaxel in the high‑density culture (with GJIC) compared 
with the low‑density culture (without GJIC). These observa-
tions indicate that the effect of paclitaxel and docetaxel on 
GJIC may affect their own toxicities.

Effects of paclitaxel and docetaxel on Cx32 expression and 
its membrane localization. Changes in the number of GJs by 
affecting Cx32 expression or its membrane localization is one 
of the mechanisms by which paclitaxel and docetaxel have 
been hypothesized to alter GJ function. The expression of 
Cx32 was determined by western blot analysis. Treatment of 
Cx32 HeLa cells with a range of paclitaxel/docetaxel concen-
trations for 1 h did not alter Cx32 expression levels compared 
with that of the vehicle control (Fig. 5A).

Following this, Cx32 localization on the cell membrane 
was analyzed using immunofluorescence analysis. In control 
cells (treated with DMSO), Cx32‑specific immunoreactivity 
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was predominantly localized to the plasma membrane at 
cell‑cell junctions  (Fig.  5B). Cells treated with various 
concentrations of paclitaxel/docetaxel for 1  h revealed 
an almost invariant level of Cx32 immunoreactive foci 
at the cell membrane, even at 10 µM paclitaxel and 1 µM 
docetaxel (Fig. 5B).

These observations indicate that, following short‑term (1 h) 
treatment, the effects of paclitaxel/docetaxel on junctional 
function are not a result of affecting Cx32 expression or its 
membrane localization.

Effects of paclitaxel and docetaxel on Cx32 hemichannel 
activity. Treatment with paclitaxel/docetaxel for 1 h did not 
alter the expression and localization of Cx32, indicating that 
these agents may inhibit dye coupling by affecting channel 
gating. To test this hypothesis, the permeability of the hemi-
channel was examined by a dye uptake assay. LY uptake was 
observed in control Cx32 HeLa cells (Fig. 6A). Dye uptake 
activity was altered in cells treated with paclitaxel for 1 h. As 
demonstrated in Fig. 6B, docetaxel did not affect Cx32 hemi-
channel activity; however, paclitaxel had an inhibitory effect. 

Figure 3. Dox induced Cx32 expression, membrane localization and inhibition of the junctional channel by 18-α-GA. (A) Western blot analysis of Cx32 
expression induced by Dox for 48 h. (B) Localization of Cx32 on the cell membrane of Cx32-transfected and Dox-induced HeLa cells compared with the 
Cx32-transfected HeLa cells without induction. (C) 18-α-GA inhibited dye spread in Cx32 HeLa cells, as demonstrated by the parachute dye-coupling assay. 
Dox, doxycycline; Cx, connexin; 18‑α‑GA, 18‑α‑glycyrrhetinic acid.

  A   B

  C

Figure 2. Cytotoxicity of paclitaxel and docetaxel on HeLa cells expressing Cx32 is density dependent. Cell survival was measured by standard colony‑forming 
assay following exposure to a range of (A) paclitaxel or (B) docetaxel concentrations for 6 h at high- and low cell density. Data are presented as the mean ± SEM 
from 4‑6 experiments. *P<0.05, vs. high cell density. (C and D) Ratio of reduction in cell survival between high- and low-density cultures. Bars in (C) are 
presented as the mean ± SEM from (A). Bars in (D) are presented as the mean ± SEM from (B). Cx, connexin.

  A   B

  C   D
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The results are consistent with the effect of these agents on 
junctional function (Fig. 4C and D); however, specific values 
exhibited small deviations. These deviations may be due to 

differences in the two experimental approaches. Together, the 
observations demonstrate that paclitaxel‑induced closure of 
‘gating’ is largely responsible for its GJIC inhibition.

Figure 4. Inhibition of GJIC reduces paclitaxel- and docetaxel-induced cell death and effect on dye coupling in Cx32 HeLa cells. (A) Clonogenic survival of 
non-Cx32 and Cx32-expressing HeLa cells treated with paclitaxel or docetaxel for 6 h at high cell density and (B) Cx32 HeLa cells treated with paclitaxel or 
docetaxel with or without 18-α-GA at high cell density. *P<0.05, vs. non-Cx32; #P<0.05, vs. paclitaxel and docetaxel in (B). (C and D) Cells were treated with 
various concentrations of paclitaxel and docetaxel for 1 h and GJIC was evaluated by counting the average number of receiver cells containing calcein per 
donor cell, normalized against vehicle control. *P<0.05, vs. vehicle control. Data are presented as the mean ± SEM from four experiments. GJIC, gap junction 
intracellular communication; Cx, connexin; 18‑α‑GA, 18‑α‑glycyrrhetinic acid.

Figure 5. Effects of paclitaxel and docetaxel on Cx32 expression and its membrane localization in Cx32 HeLa cells. (A) Western blot analysis of Cx32 expression 
following treatment with paclitaxel and docetaxel for 1 h. Data obtained from densitometry of the blots are presented as the mean ± SEM from three experiments. 
(B) Localization of Cx32 in cells treated with DMSO (vehicle control), paclitaxel or docetaxel for 1 h by immunofluorescence. Scale bars, 20 µm. Cx, connexin.

  A

  B

  D

  A   B

  C
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Discussion

The present study indicates that GJIC is an important constituent 
of paclitaxel‑ and docetaxel‑induced cytotoxicity in Cx32 HeLa 
cells. The toxicity of paclitaxel/docetaxel was increased in cell 
cultures at high density (i.e., cells contact each other) compared 
with those at low density (i.e., cells lack junctional contacts). 
To exclude other potential differences, besides GJIC, which 
exist when cells are grown at low‑ vs. high‑cell density that may 
account for the increased cytotoxicity, two methods to suppress 
the GJs in high‑density culture were performed. The results 
confirm that the activities of paclitaxel and docetaxel were 
lower when Cx32 was not induced or when the GJ was blocked 
by 18‑α‑GA, indicating that Cx32‑composed GJIC may be 
targeted to enhance the cytotoxicity of paclitaxel and docetaxel.

In addition, these results indicate that paclitaxel inhibits 
GJIC, which leads to an attenuation of its own cytotoxicity. 
The two agents have similar toxicities in the absence of 
GJIC. However, docetaxel is more active than paclitaxel in 
the presence of GJIC as it does not significantly affect the 
Cx32 channels, unlike paclitaxel (Fig. 4C and D). Although a 
number of studies have reported that GJIC is lost in numerous 
types of carcinoma (8,20‑22), the expression of Cx and GJIC 
are preserved in specific forms of cancer or increase during 
the invasion and metastatic stages with nominally defective 
GJs (23‑27). In these GJs, which are derived from Cx32 or 
Cx43, one must consider the differential effects of pacli-
taxel/docetaxel on GJIC and how these effects are likely to 
impact their therapeutic efficacy.

Paclitaxel and docetaxel promote microtubule assembly, 
inhibit depolymerization and block mitosis in proliferating 
cells (28). However, their effects on Cx channels are distin-
guishable. Results of the current study indicate that paclitaxel 
impaired GJIC; however, this effect was not observed following 
short‑term (1 h) treatment of Cx32 HeLa cells by docetaxel. In 
longer‑term treatments (48 h) of various cell lines with Cx43 
derived GJs, paclitaxel suppressed dye spread  (15), while 
docetaxel had the opposite effect  (16). Although channels 
are composed of different Cx isoforms with diverse perme-
abilities and sensitivities to regulatory agents (29), paclitaxel 
and docetaxel treatment had different effects on Cx32 or Cx43 
channels.

Paclitaxel treatment for 1 h appears to block Cx32 chan-
nels primarily by blocking the gating function, thus, resulting 

in a closed channel and not by decreasing Cx32 expression 
or promoting its translocation from the cell membrane to the 
cytoplasm. Paclitaxel may have a direct effect on channel 
gating. Cx's are hypothesized to belong to the same family of 
proteins based on sequence similarity. These proteins have four 
predominantly transmembrane hydrophobic regions and two 
extracellular loops with the amino‑ and carboxyl‑terminals 
(CT) located in the cytoplasm (5,30). Modulators may induce 
a conformational change in Cx to directly alter GJIC. For 
example, quinine blocks Cx36 and Cx50 channels by binding 
to an intracellular site, possibly within the channel pore (31) 
and 2‑APB directly inhibits Cx26 and/or Cx32 channels with 
the involvement of the CT domain of the Cx (32).

The structural differences of paclitaxel and docetaxel lie 
in the C3'‑substituents of the C13 side chain and an acetyl 
or a hydroxyl substituted at the C10 position (Fig. 1). These 
changes may affect the conformation of Cx32 to cause gate 
closure. The differential effects of paclitaxel and docetaxel 
indicate that the hydrophobic group at the β‑position in the 
amide group of the C3'‑substituents in the C13 side chain that 
bonds with the conjugated double‑bonds (e.g., phenyl) may 
induce channel inhibition by: i) π‑π stacking interactions with 
the phenyl rings of aromatic amino acid side chains or the 
imidazolyl group of histidine or ii) a hydrophobic interaction 
entering the hydrophobic region of the protein structure. The 
acetyl (paclitaxel) or hydroxyl (docetaxel) groups at C10 may 
enhance the interaction with amino acid residues by hydrogen 
bonding; however, docetaxel had no impact on channel 
activity. This result indicates that the moiety may not enter the 
inner part of the protein and is therefore not directly involved 
in non‑covalent interactions with amino acid residues. These 
results, as well as the structural diversity of taxanes and the 
conformation of Cx proteins (33,34) indicate that the specific 
interactions between taxanes and Cx must be studied further.

Results of the present study indicate that the different 
actions of paclitaxel and docetaxel on the intercellular 
communication mediated by GJs that are, in turn, derived 
from Cx32, affects their own cytotoxic activities. In addition, 
short‑term exposure to paclitaxel appears to primarily affect 
the function of the junction by affecting the gating mechanism 
of the channel. These observations indicate a promising new 
approach in which the appropriate taxane may be selected for 
the treatment of cancer based on the presence or absence of 
GJs in a specific carcinoma.

Figure 6. Effect of paclitaxel and docetaxel on hemichannel dye uptake in Cx32 HeLa cells. (A) Cells were cultured at low density and LY uptake was observed 
following treatment with DMSO (vehicle control) for 1 h. RD was used as a negative control. (B) LY uptake by cells treated with a range of paclitaxel and 
docetaxel concentrations for 1 h. Dye uptake was assessed by the percentage of LY fluorescent cells, normalized against vehicle control. Data are presented as 
the mean ± SEM from three experiments. *P<0.05, vs. vehicle control. Cx, connexin; LY, lucifer yellow; RD, rhodamine dextran.

  A   B
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