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Gefitinib enhances oxaliplatin-induced apoptosis mediated by
Src and PKC-modulated gap junction function
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Abstract. Chemotherapeutic drug-induced apoptosis is
enhanced by gap junction intercellular communication
(GJIC) in a variety of tumor cells. Oxaliplatin and gefitinib
are the most widely used chemotherapeutic drugs. However,
the synergistic influence remains unknown in testicular
cancer chemotherapy. The aim of the present study was to
investigate the apoptosis induced by oxaliplatin combined
with gefitinib and the potential mechanisms in I-10 testicular
cancer cells. The results showed that gefitinib significantly
enhanced oxaliplatin-induced apoptosis. Furthermore, the
ratio of Bcl-2/Bax and the cleavage of caspase-3 and -9 were
increased by gefitinib during oxaliplatin-induced apoptosis.
The oxaliplatin-induced apoptosis was enhanced through
the upregulation of gap junction (GJ) channels composed of
connexin 43 (Cx43) by gefitinib. The mechanism of GJIC
enhancement involved the suppression by gefitinib of the
expression levels of Src and PKC, which phosphorylate Cx43
and reduce GJIC. PP2 (Src inhibitor) and GF109203X (PKC
inhibitor) also enhanced GJIC function. Our findings demon-
strated that gefitinib enhanced oxaliplatin-induced apoptosis
in I-10 cells and gefitinib upregulated the GJIC by inhibiting
Src and PKC-modulated Cx43 phosphorylation.

Introduction

Gap junctions (GJs) are intercellular channels which allow the
passage of small molecules to diffuse (secondary messengers,
metabolites and ions) between the cytoplasm of adjacent cells.
GJ channels are comprised of membrane-integrated proteins
called connexins. Twenty-one members of the connexin
protein family have been reported in the human and 20 in
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the mouse. Two hexameric oligomers formed by connexins
constitute a single GJ channel (1-3). Gap junction intercellular
communication (GJIC) plays a vital role in physiological and
pathological processes, including cell growth, differentiation,
homeostasis and inflammatory responses (4-7). Moreover,
GJIC enhances chemotherapeutic drug-induced apoptosis,
such as oxaliplatin (8,9), vinblastine (10) and doxorubicin (11).
Inhibition of GJIC (channel closure) is related to kinase-
modulated connexin phosphorylation, and Src and PKC are
involved in connexin 43 (Cx43) phosphorylation (p-Cx43) (12).

Platinum-based drugs are the most widely used chemo-
therapeutic agents in cancer treatment. Oxaliplatin (OHP),
a third-generation platinum-based compound, is approved
for use in colon, non-small cell lung cancer (NSCLC) and
pancreatic cancer (13,14). Unfortunately, neurotoxicity (15,16)
and drug resistance (17-20) limit the clinical use of oxaliplatin.
Hence, it is urgent to enhance the anticancer effect of oxali-
platin and decrease off-target toxicity.

Gefitinib, a selective epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitor, was first approved for clinical
use for the treatment of NSCLC (21). However, patients who
develop an acquired resistance to gefitinib may subsequently
become refractory (22-24) and skin toxic effects occur (25).
Dose-escalation of gefitinib does not improve progression-free
survival and overall survival (26). Furthermore, activation
of EGFR may increase Src and PKC-modulated Cx43 phos-
phorylation, consequently inhibiting GJIC (12).

Recent studies have reported that gefitinib may enhance
the anticancer effect of oxaliplatin in metastatic colorectal
cancer (27) and NSCLC (28). Nevertheless, the potential
mechanisms of the enhanced antitumor efficacy remain to be
elucidated. Our previous study showed that gefitinib induced
apoptosis via the mitochondrial pathway in I-10 testicular
cancer cells (29). In the present study, we aimed to investigate
the apoptosis induced by oxaliplatin combined with gefitinib,
and to reveal the potential mechanisms of GJIC modulated by
gefitinib in I-10 cells.

Materials and methods
Cell lines and cell culture. The testicular cancer cell line (I-10)

was purchased from the American Type Culture Collection
(ATCC; Manassas, VA, USA). The cells were maintained in
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Ham's F-12 nutrient mixture (F-12) with 2.5% fetal bovine
serum (FBS), 15% horse serum (all from Gibco, Grand Island,
NY, USA), 100 U/ml penicillin and 100 U/ml streptomycin in
a humidified incubator supplemented with 5% CO, at 37°C.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. Cells (5x10%) were seeded in 96-well plates and
cultured for 24 h (70-80% confluency). Cells were subjected
to a range of oxaliplatin (Sigma-Aldrich, St. Louis, MO,
USA) concentration (0, 5, 10, 20, 40, 80, 160 and 320 xM)
for 24 h. Where indicated, 1 uM gefitinib (Sigma-Aldrich)
was added 24 h before oxaliplatin stimuli. Oxaliplatin was
freshly dissolved in phosphate-buffered solution (PBS) at
stock solutions. Gefitinib stock solutions were prepared in
dimethyl sulfoxide (DMSO) (Sigma-Aldrich). Cells exposure
to oxaliplatin and gefitinib were performed in the dark. The
cells were treated with fresh medium with 20 ul of MTT
(5 mg/ml) (Sigma-Aldrich) solution for 4 h. Then, the medium
was removed and the formed dark blue formazan was dissolved
in 150 1 DMSO. The absorbance [optical density, (OD)]
at 570 nm was measured by a microplate reader (Bio-Rad
Laboratories, Hercules, CA, USA).

Flow cytometry. Cells (1x10°) were seeded in 12-well plates
and cultured for 24 h (70-80% confluency). The cells were
pretreated with 1 uM gefitinib for 24 h and then exposed to
40 uM oxaliplatin for 8 h. The samples were collected, rinsed
twice with cold PBS, suspended in binding buffer and incu-
bated with 5 ul Annexin V-FITC and 5 pl propidium iodide (PI)
(FITC/Annexin V apoptosis detection kit; BD Biosciences,
New York, NY, USA) at room temperature in the dark for
15 min. The samples were immediately analyzed by Auccri C6
flow cytometer (BD Biosciences). Early-stage apoptotic cells
were shown in the lower right quadrant (Annexin V*/PI").

Hoechst 33258 staining assay. Cells (1x10°) were seeded in
12-well plates and cultured for 24 h (70-80% confluency).
The cells were pretreated with 1 M gefitinib for 24 h and
then exposed to 40 uM oxaliplatin for 16 h. Then, the medium
was removed and the cells were fixed with 4% paraformal-
dehyde solution for 30 min. Fixed cells were washed twice
with PBS and stained with 500 pl Hoechst 33258 (10 pg/ml)
(Sigma-Aldrich) for 30 min in the dark. The late-stage apop-
totic cells (shrunken nuclei, chromatin condensation and
apoptotic body) were photographed with fluorescence micros-
copy (Olympus IX73; Olympus, Tokyo, Japan) and counted at
a magnification of x200.

Western blot analysis. Cells were washed three times with cold
PBS and harvested using lysis buffer (Beyotime, Shanghai,
China). Cell lysate was centrifuged and protein concentration
was determined using the BCA method. Protein samples were
analyzed by 10% sodium dodecyl sulfate-polyacrylamide
electrophoresis (SDS-PAGE) gel and electrophoretically trans-
ferred onto polyvinylidene difluoride (PVDF) membranes
(0.45 um; Millipore, Billerica, MA, USA) followed by
immunoblotting. Rabbit antibodies against Bcl-2 (1:1,000)
(12789-1-AP), Bax (1:1,000) (50599-2-1g), Src (1:1,000)
(11097-1-AP), PKC (1:1,000) (12919-1-AP) (ProteinTech,
Chicago, IL, USA), caspase-3 (1:1,000) (ab90437), caspase-9
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Figure 1. Cell surviving fraction was measured by the MTT assay. I-10 cells
were pretreated with or without 1 M gefitinib (no toxicity on I-10 cells) for
24 h, followed by exposure to 0-320 uM oxaliplatin for 24 h. Data indicate
mean + SD for n=5 wells from three experiments; “P<0.01, ““P<0.001, sig-
nificantly different from the oxaliplatin (OHP) group.

(1:200) (ab25758), Cx43 (1:8,000) (ab11370), p-Cx43 (1:1,000)
(ab30559) (Abcam,Cambridge, MA,USA),and mouse antibody
against GAPDH (1:5,000) (60004-1-1g) (ProteinTech) were
used. Immunopositive bands were visualized by Immobilon
Western™ Chemiluminescent HRP Substrate (Millipore) and
quantified with ImageJ software (National Institutes of Health,
Bethesda, MD, USA).

Immunofluorescence assay. Cells (1x10°) plated in 12-well
plates were cultured for 24 h to reach 70-80% confluency,
and were treated with 1 uM gefitinib for 24 h; 8 uM PP2 for
8 h; 10 uM GF109203X for 10 h. The cells were fixed in 4%
paraformaldehyde for 15 min. Fixed cells were washed twice
with PBS and incubated with 5% bovine serum albumin for
2 h. Cells were incubated with rabbit antibody against Cx43
(1:1,000) at 4°C overnight and with FITC-anti-rabbit IgG
(1:100) (Sigma-Aldrich) at 37°C for 2 h in the dark. Then, the
cells were stained with 5 pg/ml 4',6-diamidino-2-phenylindole
(DAPI) for 5 min in the dark. The cells were captured using
fluorescence microscopy (Olympus) at a magnification of x200.

‘Parachute’ dye-coupling assay. Functional GJIC was
performed as previously described (30). Cells (1x10°) plated in
12-well dishes were cultured for 24 h to reach 70-80% conflu-
ency, and were treated with gefitinib, PP2 or GF109203X as
mentioned above. Donor cells from one well were incubated
with 10 pg/ml calcein AM and 5 pg/ml CM-Dil (ProteinTech)
in growth medium at 37°C for 30 min. Calcein-AM is intra-
cellularly converted into the GJ-permeable dye calcein and
CM-Dil is a membrane dye that does not spread to coupled
cells. Then, the donor cells were trypsinized and seeded onto
the receiver cells at a 1:200 donor/receiver ratio. Cells were
allowed to attach to the monolayer of the receiver cells and
form GJs for 4 h at 37°C and photographed with fluorescence
microscopy (Olympus). The average number of receiver cells
containing dye per donor cell was counted at a magnification
of x200 as a measure of the degree of GJIC.
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Figure 2. (A) Early-stage apoptosis induced by oxaliplatin (OHP) combined with gefitinib was assessed by the Annexin V/PI staining method using flow
cytometry. (B) Relative quantity of early-stage apoptosis ratio. (C) Late-stage apoptosis induced by OHP combined with gefitinib was shown by Hoechst 33258
staining assay (magnification, x200). (D) Relative quantity of late-stage apoptosis ratio. Data indicate mean + SD for n=3 wells from three experiments;
“P<0.01, “"P<0.001, significantly different from the control group; #P<0.01, significantly different from the OHP group.

Statistical analysis. All of the experiments had a minimum of
three determinations. Data are presented as mean and standard
deviation (SD). Statistical analyses between two groups
were performed by Student's t-test using SPSS 16.0 (SPSS,
Inc., Chicago, IL, USA). P<0.05 was considered statistically
significant.

Results

Gefitinib enhances oxaliplatin-induced apoptosis. Cell
survival was assessed by MTT assay. I-10 cells were pretreated
with or without 1 uM gefitinib (no toxicity on I-10 cells) for 24 h,
followed by exposure to 0-320 M oxaliplatin for 24 h. After
treatment with 40, 80, 160 and 320 yM oxaliplatin combined
with and without gefitinib, cell surviving fractions were
0.48+0.04, 0.40+0.29, 0.31+£0.02, 0.22+0.02 and 0.80+0.06,
0.60+0.06, 0.53+0.04, 0.49+0.03, respectively (Fig. 1). Cell
survival was significantly decreased in the presence of gefi-
tinib (P<0.05).

Chemotherapeutic drugs show antitumor effects by
increasing the apoptosis of cancer cells which include early-
stage and late-stage apoptosis. Annexin V/PI staining assay
was used to assess the early-stage apoptosis. As shown in
Fig. 2A, early-stage apoptosis was induced following treatment
with 40 uM oxaliplatin for 8 h with 1 uM gefitinib pretreat-
ment for 24 h. As shown in Fig. 2B, the rate of early-stage
apoptosis was 60.47+4.80% in the presence of gefitinib and
31.23+£3.47% in the absence of gefitinib. As shown in Fig. 2C,
late-stage apoptosis was induced by 40 xM oxaliplatin for
16 h with 1 uM gefitinib pretreatment for 24 h as assessed by
Hoechst 33258 staining assay. As shown in Fig. 2D, the ratio
of late-stage apoptosis was 70.69+5.58% in the presence of
gefitinib and 39.80+5.81% in the absence of gefitinib. Both the
early- and late-stage apoptosis rates were increased by ~40%
when cells were pretreated with gefitinib (P<0.05).

Obviously, these results demonstrated that oxalipl-
atin-induced apoptosis was enhanced by gefitinib in the I-10
cells.



3254

A Gefitinib - + - +
OHP u s + +

GAPDH " S— S—— —

B 18
HH
- 04
£
g
5 g 0.6 4 o
gt -1
L
~ 8
= '?': 04
E
-
=3
® a2
T
o -
Gefitinib - + & e
OHP - - + +

S Cleaved cas pase-9

WU et al: GJIC UPREGULATED BY GEFITINIB ENHANCES OXALIPLATIN-INDUCED APOPTOSIS

C Gefitinib o + - +

OHP - - =5 +

Caspase-3

Caspase-9

—— —— ——— —

GAPDH
D — #
I Cleaved cuspase-3 |
34 | B Chaved caspase-9 | f#
- | 1
8 = *
=~ -
<2
v =
¥e %
g8 % e
o=
-3
" 4
o N #
“=
2 g o
o
AR
8=
o
0
Gefitinib - + - ¥
OHP - - + h

Figure 3. Effects of gefitinib on oxaliplatin (OHP)-induced apoptosis-related protein expression were detected by western blotting. (A) Representative bands of
Bcl-2 and Bax. (B) Relative quantity of Bcl-2 and Bax. (C) Representative bands of cleaved caspase-3 and -9. (D) Relative quantity of cleaved caspase-3 and -9.
Experiments were repeated 3-5 times with data representing mean + SD; "P<0.05, “P<0.01, “"P<0.001, significantly different from the control group; *P<0.05,

#P<0.01, significantly different from the OHP group.

Gefitinib decreases the ratio of Bcl-2/Bax and increases the
cleavage of caspase-3 and -9 during oxaliplatin-induced
apoptosis. Bcl-2, Bax and caspase-3 and -9 are vital participa-
tors in the mitochondrial apoptosis pathway, which is involved
in apoptosis induced by platinum-based drugs. Therefore,
western blotting was used to assess the expression levels of
Bcl-2, Bax and caspase-3 and -9 after I-10 cells were exposed
to 40 uM oxaliplatin for 12 h with 1 M gefitinib pretreatment
for 24 h (Fig. 3). As shown in Fig. 3A, the expression of Bcl-2
(protects against apoptosis) was decreased in the presence
of gefitinib, and contrarily the expression of Bax (promotes
apoptosis) was increased. Thus, the ratio of Bcl-2/Bax was
significantly decreased by gefitinib (P<0.05) (Fig. 3B).
In addition, as shown in Fig. 3C and D, the cleavage of
caspase-3 and -9 was greatly increased in the presence of gefi-
tinib (P<0.05). These results suggest that gefitinib modulates
apoptosis-related proteins (Bcl-2, Bax and caspase-3 and -9)
during oxaliplatin-induced apoptosis in I-10 cells.

Gefitinib inhibits Cx43 phosphorylation and enhances GJIC.
Cx43 is the most abundant connexin in testicular tissue (31).
Our previous study demonstrated that GJ channels composed
of Cx43 decreased the ratio of Bcl-2/Bax and increased the
cleavage of caspase-3 and -9 during oxaliplatin-induced
apoptosis in I-10 cells (8). To determine whether gefitinib
could affect the function of GJIC in I-10 cells, western blot-
ting was used to assess the expression levels of Cx43 and
p-Cx43 (Fig. 4A). As shown in Fig. 4B, gefitinib increased the
expression of Cx43 (functional GJ), and contrarily decreased
the expression of p-Cx43 (non-effective GJ). Moreover, Cx43
protein expression on the membrane was assessed by immu-

nofluorescence assay. As shown in Fig. 4C, gefitinib increased
the expression of Cx43 on the membrane, which was consistent
with the western blotting results. Parachute assay was used to
measure the effect of gefitinib on GJIC (Fig. 4D). As shown in
Fig. 4E, gefitinib markedly increased the degree of dye spread
which represents GJIC function. These results indicate that the
function of GJIC in I-10 cells was enhanced by the inhibition
of Cx43 phosphorylation by gefitinib.

Gefitinib reduces the expression levels of Src and PKC. Src and
PKC inhibit GJIC by increasing Cx43 phosphorylation (12). We
aimed to asertain whether there is a relationship between GJIC
function enhanced by gefitinib and Src and PKC. Western blot-
ting was used to detect the effects of gefitinib on Src and PKC
expression levels. As shown in Fig. 5, the expression levels of
Src and PKC were obviously decreased by gefitinib.

To further verify the relationship between GJIC and the
expression levels of Src and PKC, PP2 (Src inhibitor) and
GF109203X (PKC inhibitor) were used to treat the I-10 cells.
Due to the time restriction concerning PP2 and GF109203X,
cells were treated with 8 uM PP2 and 10 uM GF109203X
for 0, 6, 8, 10, 12 and 24 h. As shown in Fig. 6A and B,
the optimum time points for the inhibition of Src and PKC
were 8 and 10 h. Thus, I-10 cells were incubated with PP2
for 8 h; GF109203X for 10 h in the next experiments. Then,
the expression of p-Cx43 was detected by western blot-
ting (Fig. 6C). PP2 and GF109203X significantly decreased
p-Cx43 expression (Fig. 6D). In contrast, the expression
of Cx43 on the membrane was largely increased by PP2
and GF109203X (Fig. 6E). Moreover, the parachute assay
was used to detect the effects of PP2 and GF109203X on
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Figure 4. Effects of gefitinib on Cx43 phosphorylation and gap junction intercellular communication (GJIC). (A) The expression levels of Cx43 and p-Cx43
were measured by western blotting. (B) Relative quantity of Cx43 and p-Cx43 expression. Data indicate mean + SD from three experiments; “P<0.01,
“"P<0.001, significantly different from the control group; *P<0.01, significantly different from the OHP group. (C) Immunofluorescence assay was used to
detect the expression of Cx43 on the membrane (magnification, x200). (D) GJIC was measured by the parachute assay (magnification, x200). (E) Relative
quantity of dye spread. Data indicate mean + SD for n=3 wells from three experiments; “P<0.01, *“P<0.001, significantly different from the control group.
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Figure 5. Effects of gefitinib on the expression levels of Src and PKC are showed by western blotting. (A) Representative bands of Src. (B) Relative quantity of
Src. (C) Representative bands of PKC. (D) Relative quantity of PKC. Experiments were repeated 3-4 times with data showing mean + SD; "P<0.05, “P<0.01,
“*P<0.001, significantly different from the control group.
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sured by western blotting. (D) Relative quantity of p-Cx43; “P<0.01,

P<0.001, significantly different from the control group. (E) Immunofluorescence assay

was used to detect the expression of Cx43 on membrane (magnification, x200). (F) GJIC was measured by parachute assay (magnification, x200). (G) Relative
quantity of dye spread. Data indicate mean = SD for n=4 wells from three experiments; “‘P<0.05, ““P<0.01, significantly different from the control group.

GIJIC (Fig. 6F). As shown in Fig. 6G, PP2 and GF109203X
significantly enhanced GJIC. These results further deter-
mined that gefitinib enhanced GJIC (Fig. 4) by inhibiting
Src- and PKC-induced Cx43 phosphorylation.

Discussion

The results of the present study showed for the first time
that gefitinib can enhance oxaliplatin-induced apoptosis
in I-10 testicular cancer cells as assessed by cell survival,
apoptosis, Bcl-2/Bax (apoptosis regulator) and activation of
caspase-3 and -9. Moreover, we demonstrated that gefitinib
enhanced gap junction intercellular communication (GJIC)
by inhibiting the expression levels of Src and PKC which
act to increase Cx43 phosphorylation and decrease GJIC.
Therefore, the synergistic influence of gefitinib on oxaliplatin

anti-neoplastic effect is attributable to the upregulation of gap
junction (GJ) channels composed of Cx43.

Oxaliplatin is an essential chemotherapeutic drug in cancer
treatment. The primary mechanism of oxaliplatin-induced
apoptosis is that reactive platinum molecules react with DNA
to form inter-strand and intra-strand DNA adducts that arrest
transcription, DNA replication and repair. As DNA is the
essential genetic material in organisms, DNA-damage results
in apoptosis (13,32,33). Additionally, oxaliplatin-induced
apoptosis is influenced by a variety of factors, such as p53,
autophagy, Bcl-2 family and receptor interacting protein
kinase 1 (RIP1). Shi et al (34) reported that oxaliplatin-
induced colorectal cancer cell apoptosis was enhanced by
apoptosis stimulated protein of p53-2 (ASPP2) via inhibition
of autophagy. Timme et al (35) showed that increased protein
levels of Mcl-1 and/or Bcl-xL as well as reduction in Bax and
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Bak activation attenuated oxaliplatin-induced apoptosis in
human colon cancer cells. Shan et al (36) indicated that down-
regulation of RIP1 promoted oxaliplatin-induced apoptosis in
tongue squamous cell carcinoma.

Recent studies have reported that gefitinib, one of the
EGFR tyrosine kinase (EGFR-TK) inhibitors, shows an
antitumor effect in bladder cancer (37) and glioblastoma (38).
Gefitinib causes the malfunction of EGFR-TK which leads to
obstruction of mitogen-activated protein kinase (MAPK) and
the phosphatidylinositol-3-kinase (PI3K)/AKT pathways. As a
result, cancer cell proliferation is decreased while apoptosis is
increased (39,40). In the present study, we showed that oxali-
platin-induced apoptosis is enhanced by gefitinib in I-10 cells.
Our previous studies demonstrated that the mitochondrial
pathway is involved in oxaliplatin-induced apoptosis (8). To
explore the mechanisms, we first determined the expression of
apoptosis-related proteins. The Bcl-2/Bax signaling pathway
and caspase-3 and -9 are crucial regulators of apoptosis.
Long et al (41) reported that the expression of Bcl-2/Bax is
involved in diabetes mellitus-induced testicular damages. Bcl-2,
an anti-apoptotic protein in the Bcl-2 protein family, prevents
cell apoptosis by interfering with the caspase-3-dependent
proteolytic cascade (42). In contrast, Bax is a pro-apoptotic
factor which binds to and antagonizes the Bcl-2 protein. In
the present study, we showed that gefitinib significantly
decreased the ratio of Bcl-2/Bax during oxaliplatin-induced
apoptosis in I-10 cells. Caspase protein is downstream of
Bcl-2/Bax and caspase activation acts as the most important
executor for chemotherapeutic drug-induced apoptosis. In the
present study, the cleavage of caspase-3 and -9 was increased
by gefitinib during oxaliplatin-induced apoptosis in I-10 cells.
These results suggest that the oxaliplatin-induced apoptosis
enhanced by gefitinib is associated with downregulation of
Bcl-2/Bax and activation of caspase-3 and -9.

The cytotoxicity of chemotherapy and radiotherapy is
enhanced by GJIC in a variety of tumor cells (43-46). Toxic
drug metabolites and apoptotic signals can propagate through
GJ channels, so that the toxic effects are amplified. This is
called the ‘bystander’ effect. The candidate signals include
the following second messengers such as 1,4,5-trisphosphate
(IP;) and Ca*. Eugenin and Berman (47) showed that IP,
and intracellular Ca* released from HIV-infected astrocytes
transmitted through GJs resulted in bystander apoptosis of
neighboring uninfected astrocytes. Decrock et al (48) reported
that the cytochrome c-induced apoptosis was markedly depen-
dent on the GJ channels permeable to IP;.

Cx43 is the most abundant connexin in testicular tissue.
Its life cycle (trafficking, assembly, gating, internalization and
degradation) is related to phosphorylation and phosphorylation
event leading to the downregulation of GJIC (12). The activa-
tion of EGFR contributes to Src activation, which mediates
direct phosphorylation of Cx43 (49-52). Furthermore, PKC
activated directly by Src mediates the phosphorylation of
Cx43, causing decreased GJ assembly and reduced half-life of
Cx43 (51,53). As a result, GJIC is inhibited (channel closure)
by Src and PKC. In the present study, we showed that gefitinib
inhibited Cx43 phosphorylation and enhanced the function
of GJIC in I-10 cells. Meanwhile, the expression levels of Src
and PKC were decreased by gefitinib. Moreover, PP2 (Src
inhibitor) and GF109203X (PKC inhibitor) also enhanced the
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function of GJIC. Therefore, we attribute the enhanced GJIC
to the decreased Src and PKC expression levels induced by
gefitinib.

In summary, our results clearly demonstrated that gefitinib
enhanced oxaliplatin-induced apoptosis. In addition, gefitinib
downregulated the ratio of Bcl-2/Bax and increased cleavage
of caspase-3 and -9 during oxaliplatin-induced apoptosis.
We attributed these effects to the enhanced GJIC induced
by gefitinib through inhibition of the expression levels of Src
and PKC. These findings offer a new therapeutic strategy for
testicular cancer chemotherapy.
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