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IntroductIon

Leukemia is a type of hematopoietic stem cell malignant clonal 
disease that often occurs in childhood and is accompanied by 
defects, such as uncontrolled proliferation and blocked apop-
tosis of leukemia cells.1,2 Leukemia has been divided into acute 
leukemia and chronic leukemia, with a large proportion of 

children diagnosed with acute lymphoblastic leukemia.3,4 Epi-
demiological studies in recent years have shown an increased 
incidence of childhood leukemia, which might be related to 
aggravated environmental and air pollution.5 Meanwhile, leu-
kemia treatment has remained an urgent problem for medical 
researchers, because of its serious life threating effects to pa-
tients, especially children. 

At present, the treatment of leukemia is based on compre-
hensive chemotherapy-based treatment. Chemotherapy drugs 
can affect DNA transcription and inhibit the synthesis of nu-
cleic acids and proteins, depending on their effective molecu-
lar targets, thereby inducing apoptosis of leukemia cells.6,7 How-
ever, like many other malignant cells, leukemia cells can 
escape apoptosis through many mechanisms, such as overex-
pressing apoptotic inhibitory proteins, which are causes of pri-
mary resistance and secondary resistance to chemotherapeutic 
drugs and ultimately lead to chemotherapy failure.8,9 Therefore, 
improving the sensitivity of leukemia cells to chemotherapeu-
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tic drugs is of great significance for improving the prognosis of 
leukemia patients. 

With the rapid development of life science research, some 
important genes have been found to possess the ability to in-
crease the chemosensitivity of leukemia cells. Wang, et al.10 ob-
served from their research that reduced nucleophosmin/B23 
expression enhances leukemia cells sensitivity to Adriamycin 
by regulating the Akt/mTOR signaling pathway. Xu, et al.11 in-
dicated that up-regulation of SIRT2 could impair multidrug 
sensitivity among acute myeloid leukemia cells, while the sup-
pression of ERK1/2 could reverse drug resistance in these cells 
upon SIRT2 up-regulation. Jiang, et al.12 described enhanced 
sensitivity to cytarabine and vincristine by the lymphocytic leu-
kemia cell lines Reh and RS4:11 upon up-regulation of miR-
652-3p. Liang, et al.13 demonstrated that acute myeloid leuke-
mia cell drug sensitivity was attenuated by GLI1 inhibition, along 
with a possible potential mechanism of promoting AKT phos-
phorylation. 

PIK3CA mutation has been found to result in progression of 
a variety of tumors and thus has been considered an oncogene. 
Intervention of the cell cycle is one of the main means by which 
PIK3CA promotes tumor progression. Gu, et al.14 researched 
aspirin effects on three different PIK3CA-mutant colon cancer 
cell lines (SW948, HCT15, and HCT1160). Their results indi-
cated that these three cell lines all exhibit significant sensitivity 
to aspirin: most cells were arrested at G0/G1 phase after expo-
sure to aspirin for 48 h and 72 h. Zheng, et al.15 revealed that, af-
ter PIK3CA is silenced, esophageal squamous cell carcinoma 
cells show impaired proliferation, migration, and invasion abil-
ities, in addition to enhanced apoptosis ability. Meanwhile, 
PIK3CA silencing blocked most esophageal squamous cell car-
cinoma cells at S phase. Nevertheless, PIK3CA expression in 
leukemia and its impact on leukemia chemotherapy have not 
been studied. In this research, the effects of PIK3CA knock-
down on the proliferation, cell cycle, invasion, and apoptosis 
of leukemia cells were studied, along with its effects on drug 
sensitivity and potentially related mechanisms. 

MAtErIALS And MEthodS 

cell culture
Children’s normal B lymphocytes and the acute B lymphocyt-
ic leukemia cell line Nalm-6 were purchased from Wuhan Cell 
Bank (Wuhan, China). Both cells lines were cultured in RPMI-
1640 complete medium containing 10% fetal bovine serum 
(FBS), 100 U/mL of penicillin, and 100 U/mL of streptomycin 
at 37°C, 5% CO2. The medium was replaced every two days, 
and cells were passaged after being digested with 0.25% tryp-
sin at about 80% confluence. This study obtained ethical com-
mittee approval of Affiliated Hospital of Taishan Medical Uni-
versity.

cell transfection
PIK3CA siRNA and its negative control sequence were syn-

thesized by Shanghai Shenggong Bioengineering Co., Ltd. 
(Shanghai, China). PIK3CA in Nalm-6 cells was silenced by 
RNA interference technology using Lipofectamine 2000 kits 
(Thermo Fisher Scientific, Waltham, MA, USA). Briefly, Nalm-6 
cells were seeded in 6-well plates containing serum-free 
RPMI-1640 medium and transfected by PIK3CA siRNA (set as 
siPIK3CA group) or its negative control (served as PIK3CA-
Control group). After 6 h incubation at 37°C, 5% CO2, residual 
liquid in each well was discarded and replaced by RPMI-1640 
complete medium (containing 10% FBS) for continued incu-
bation. Nalm-6 cells without any treatment were used as a 
Mock group. In addition, Nalm-6 cells transfected by PIK3CA 
siRNA were subjected to culture with RPMI-1640 complete 
medium containing both 10% FBS and 5 μmol/L of Akti-1/2 
(Akt inhibitor, Sigma, San Francisco, CA, USA) as a siPIK3CA+ 
Akti-1/2 group. All cells were cultured under 37°C, 5% CO2. 

qrt-Pcr detection
RNA purity was detected after RNA was extracted from cells by 
TRIzol reagent (Thermo Fisher Scientific). Reverse transcrip-
tion using a PCR instrument was conducted to synthesize cDNA 
templates. Using an ABI7500 quantitative PCR instrument 
(Applied Biosystems, Foster City, CA, USA), real-time fluores-
cence quantitative PCR was carried out under the following 
conditions: pre-denaturation at 95°C for 10 min, 38 cycles of de-
naturation at 95°C for 30 s, annealing at 60°C for 20 s, and ex-
tension at 72°C for 34 s. The primers used were as follows: 
PIK3CA, forward, 5'-CACTGAGCAGGAGAAAGAT-3', reverse, 
5'-CAGTCCAGAAGTTCCATAGC-3'; GAPDH, forward, 5’-ATA 
AATTGAGCCCGCAGCC-3', reverse, 5’-ACCAAATCCGTTGA 
CTCCGA-3'. GAPDH served as an internal reference. Results 
were analyzed by the 2-ΔΔCt method.

Western blot
Proteins were separated through sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) after being ex-
tracted from cells, followed by being transferred onto a PVDF 
membrane for 5% skim milk-TBST closure. Membranes were 
then rinsed three times with TBST. Primary antibodies (rabbit 
anti-human PIK3CA, AKT, pAKT, 1:1000, Cell Signaling, Bos-
ton, MA, USA) were used to incubate membranes for 12 h at 
4°C, followed by 1 h incubation with horseradish peroxidase-
labeled goat anti-rabbit IgG (1:5000, Beijing ComWin Biotech 
Co., Ltd., Beijing, China). After rinsing the membranes anoth-
er three times with TBST, an ECL chemiluminescence system 
(Bio-Rad, Hercules, CA, USA) was used to visualize immuno-
reactive complexes. GAPDH was set as an internal reference. 

Mtt assay
Under 37°C, 5% CO2, 96-well plates inoculated with cells of 
each group were incubated for 1–4 days. Cells proliferation 
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was measured on days 1, 2, 3, and 4. In short, 20 μL of MTT 
solution (5 mg/mL) was added to each well, and 4 h later, the 
residual liquid was discarded and replaced with 150 μL of 
DMSO. After the formazan was fully dissolved, these 96-well 
plates were placed on a microplate reader to determine ab-
sorbance at 495 nm (OD495 value). 

cell cycle detection by flow cytometry
After being cultured for 4 days, cells were fixed with pre-
cooled 70% ethanol. PBS was used to wash these cells twice. 
Cells at the bottom of the centrifuge tube were collected after 
being centrifuged and were resuspended with MuseTM Cell 
Cycle Reagent for 30 min incubation at room temperature in 
the dark. A MuseTM Cell Analyzer (Merck Millipore, Billerica, 
MA, USA) was used to detect cell cycle distribution.

Apoptosis detection by AnnexinV-PI staining
At 48 h, cells were collected and centrifuged at 2000 rpm for 5 
min after being rinsed twice with PBS. A total of 500 μL of 
binding buffer and 5 μL of propidium iodide was added to sus-
pend cells, followed by 10 min incubation at room tempera-
ture in the dark. Apoptosis was detected by flow cytometry at 
an excitation wavelength of 488 nm and an emission wave-
length of 530 nm.

Invasion ability detection by transwell assay
Cells suspended in serum-free RPMI-1640 medium were in-

oculated into Transwell chambers (pre-coated with a layer of 
Matrigel) at a density of 2×105 cells/mL. Each Transwell cham-
ber was inoculated with 200 μL of cell suspension. A total of 
400 μL of RPMI-1640 medium containing 20% FBS was added 
into the lower chamber. Cells were cultured at 37°C, 5% CO2 
for 48 h. Cells on the upper surface of the membrane were 
wiped off with a cotton swab, while those passing through the 
membrane were fixed with 4% paraformaldehyde for 30 min 
and stained with crystal violet for 20 min. Five randomly dif-
ferent fields of view under the microscope were selected to 
calculate the number of invading cells. 

Sensitivity of cells to chemotherapy drugs
Changes in cell sensitivity to chemotherapeutic drugs were 
detected using the MTT assay. In short, Nalm-6 cells were cul-
tured in RPMI-1640 medium (10% FBS) containing 0.5 μg/mL 
of vincristine (VCR) and 0.5 μg/mL of daunorubicin (DNR), 
respectively. In this study, the Control group was also set with 
only adding RPMI-1640 medium (10% FBS) containing the 
same concentration of different drugs in each well. On the first, 
second, third, and fourth day after being cultured at 37°C, 5% 
CO2, the absorbance value of each well at a wavelength of 495 
nm (OD495 value) was measured using the MTT method as 
described above. The inhibition rate was calculated according 
to the following formula: Inhibition rate=[1- (OD495 value of 
experimental group/OD495 value of Control group)]×100%. 

Fig. 1. PIK3CA up-regulated in Nalm-6 cells. (A) PIK3CA mRNA was up-regulated in Nalm-6 cells. (B) PIK3CA protein was increased in Nalm-6 cells. 
*p<0.01.
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Fig. 2. PIK3CA silenced in Nalm-6 cells by siPIK3CA transfection. (A) PIK3CA siRNA transfection inhibited PIK3CA mRNA expression in Nalm-6 cells. (B) 
PIK3CA siRNA transfection suppressed PIK3CA protein expression in Nalm-6 cells. *p<0.01 when compared with Mock group, †p<0.01 when compared 
with PIK3CA-Control group.
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Statistical analysis
Data statistical analysis was performed using SPSS 13.0 soft-
ware (SPSS Inc., Chicago, IL, USA) with GraphPad Prism 5.0 
(GraphPad Software, San Diego, CA, USA) software as the 
drawing software. Data were analyzed as means±standard de-
viations, and Student’s t-test was selected to analyze differ-
ences between two groups. p<0.05 was considered statistically 
significant.

rESuLtS

PIK3cA up-regulated in nalm-6 cells
PIK3CA expression in children’s normal B lymphocytes (set 
as a Control group) and Nalm-6 cells (set as Nalm-6 group) 
was measured by qRT-PCR and Western blot. In result, PIK-
3CA mRNA (p=0.008) and protein (p=0.006) relative expres-
sion was both significantly increased in the Nalm-6 group 
when compared to the Control group (Fig. 1), illustrating up-
regulation of PIK3CA in Nalm-6 cells. 

PIK3cA silenced in nalm-6 cells by siPIK3cA 
transfection
After being transfected, the relative PIK3CA mRNA (p=0.003) 
and protein (p=0.0026) expression in Nalm-6 cells of the 
siPIK3CA group was markedly reduced when compared to 
the Mock group. Meanwhile, when compared with the PIK-
3CA-Control group, Nalm-6 cells of the siPIK3CA group also 
showed much lower relative PIK3CA mRNA (p=0.004) and 
protein (p=0.0029) expression. No significant difference was 
found in relative PIK3CA mRNA and protein expression be-
tween the PIK3CA-Control group and Mock group (Fig. 2). 
PIK3CA siRNA transfection could effectively silence PIK3CA 
expression in Nalm-6 cells.Fig. 3. PIK3CA silencing inhibits Nalm-6 cell proliferation. *p<0.05 when 

compared with Mock group at the same time, †p<0.05 when compared 
with PIK3CA-Control group at the same time.
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PIK3cA silencing inhibits nalm-6 cells proliferation
According to the results of MTT assay, from 1–4 days, lower 
OD495 values were observed in the siPIK3CA group than in 
the Mock group (p=0.023 on the 1st day, p=0.034 on the 2nd 
day, p=0.027 on the 3rd day, and p=0.040 on the 4th day). At 
the same time, the OD495 value of the siPIK3CA group was 
still markedly lower than that of the PIK3CA-Control group 
(p=0.026 on the 1st day, p=0.039 on the 2nd day, p=0.028 on 
the 3rd day, and p=0.044 on the 4th day). However, compared 
with the Mock group, the OD495 value of the PIK3CA-Control 
group was not obviously changed (Fig. 3). PIK3CA silencing 
inhibited Nalm-6 cells proliferation. 

PIK3cA silencing arrests nalm-6 cells in the G0/G1 
phase
Cell cycle distribution was detected by flow cytometry. Nalm-
6 cells of the Mock group and the PIK3CA-Control group had 
similar proportion of cells at G0/G1 phase, S phase, and G2/
M phase. However, a dramatically increased proportion of 
G0/G1 phase (p=0.020) cells and a remarkably decreased pro-
portion of S phase (p=0.037) and G2/M phase (p=0.023) cells 
was found in the siPIK3CA group when compared with the 
Mock group. In addition, when compared with the PIK3CA-
Control group, cells of the siPIK3CA group exhibited a much 
higher proportion of cells in the G0/G1 phase (p=0.022), as 

well as a remarkably lower proportion in the S phase (p=0.041) 
and G2/M phase (p=0.026) (Fig. 4). All of these data indicated 
that PIK3CA silencing could arrest Nalm-6 cells at the G0/G1 
phase. 

PIK3cA silencing promotes nalm-6 cells apoptosis
Four days after transfection, apoptosis in each group was in-
vestigated by flow cytometry. Compared with the Mock group, 
obvious changes in percentages of apoptosis cells were not 
found in the PIK3CA-Control group; however, an aberrantly 
higher percentage of apoptosis cells was observed in the 
siPIK3CA group, compared to the Mock group (p=0.016) and 
PIK3CA-Control group (p=0.022) (Fig. 5). These results sug-
gested that PIK3CA silencing could stimulate Nalm-6 cells 
apoptosis. 

PIK3cA silencing suppresses nalm-6 cells invasion
The number of invasion cells in the PIK3CA-Control group 
was 135.0±5.77, which was not markedly different from that in 
the Mock group (144.1±8.90). Meanwhile, the number of inva-
sion cells in the siPIK3CA group was only 48.9±9.27, which 
was significantly lower than that in the Mock group (p=0.03) 
and PIK3CA-Control group (p=0.025) (Fig. 6), thereby demon-
strating the inhibitory effect of PIK3CA silencing on Nalm-6 
cells invasion ability. 
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PIK3cA silencing enhances nalm-6 cells sensitivity 
to chemotherapeutic drugs
The inhibition rates of Nalm-6 cells in the Mock group, PIK-
3CA-Control group, and siPIK3CA group all increased with 
time after treatment with VCR. In addition, the inhibition rate 
of cells in the siPIK3CA group was significantly higher than that 
in the Mock group (p=0.018 on the 1st day, p=0.020 on the 2nd 
day, p=0.018 on the 3rd day, and p=0.037 on the 4th day) and 
the PIK3CA-Control group (p=0.019 on the 1st day, p=0.022 on 
the 2nd day, p=0.019 on the 3rd day, and p=0.042 on the 4th day) 
after being treated for 1–4 days. No obvious difference was 
found between the PIK3CA-Control group and Mock group at 
the same time (Fig. 7A). Furthermore, after being treated by 
DNR, there was no significant difference in inhibition rate of 
cells in the PIK3CA-Control group and Mock group. However, 
cells in the siPIK3CA group exhibited much higher inhibition 
at 1–4 days, compared with the Mock group (p=0.029 on the 
1st day, p=0.024 on the 2nd day, p=0.031 on the 3rd day, and 
p=0.033 on the 4th day) and PIK3CA-Control group (p=0.031 
on the 1st day, p=0.027 on the 2nd day, p=0.037 on the 3rd day, 
and p=0.032 on the 4th day) (Fig. 7B). Therefrom, it could be 
concluded that PIK3CA silencing enhances Nalm-6 cell sensi-
tivity to chemotherapeutic drugs.

PIK3cA silencing inhibits the phosphorylation of Akt
Western blot results showed that the relative Akt protein ex-
pression in the PIK3CA-Control group, siPIK3CA group, and 

siPIK3CA+Akti-1/2 group was similar to that in Mock group. 
pAkt relative expression in the PIK3CA-Control group was 
also not significantly changed when compared with the Mock 
group. However, much decreased pAkt relative expression 
was observed in the siPIK3CA group (p=0.026 and p=0.031) 
and siPIK3CA+Akti-1/2 group (p=0.019 and p=0.023) when 
compared with the Mock group and PIK3CA-Control group 
(Fig. 8). The results above revealed that PIK3CA silencing in-
hibited the phosphorylation of Akt, which could suppress the 
activity of PI3K/Akt signaling.

dIScuSSIon

Leukemia, especially acute B lymphocytic leukemia, is the 
most common malignant tumor in children.16 Chemotherapy 
still remains the main method for the treatment of leukemia 
currently, although a large amount of patients show poor re-
sponses to chemotherapy.17-19 The development of drug resis-
tance among leukemia cells is the main cause of chemotherapy 
failure in leukemia patients, which adversely affects prognosis 
in patients with leukemia.20 Studies have shown that chemo-
resistance is associated with decreased sensitivity of tumor 
cells to apoptosis.21,22 In this study, we discovered that PIK3CA 
expression is increased in Nalm-6 cells and that PIK3CA silenc-
ing enhances the sensitivity of Nalm-6 cells to chemotherapy 
drugs (VCR and DNR) by suppressing the phosphorylation of Akt. 
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PIK3CA, defined as an oncogene, is the catalytic subunit of 
PI3K, the mutation or amplification of which could promote 
cells proliferation and inhibit their apoptosis by regulating the 
PI3K/Akt pathway.23,24 PIK3CA was found to be up-regulated 
in a variety of tumors and to promote the progression of mul-
tiple tumors. For instance, Zardavas, et al.25 investigated the 
association of PIK3CA mutation with prognosis in breast can-
cer patients by a summary analysis of individual patient data. 
They noticed that, of all 10319 breast cancer patients, up to 
32% exhibited PIK3CA mutation, and a significant correlation 
was found between PIK3CA mutation and ER positivity or low-
er grade. Little is known about PIK3CA mutations in hemato-
logical malignancies. Cui, et al.26 reported that PIK3CA was 
extensively expressed in diffuse large B cell lymphoma. They 
also observed that, after PIK3CA being knockdown, diffuse 
large B cell lymphoma cells proliferation ability was markedly 
impaired and that apoptosis was obviously enhanced. At the 
same time, pronouncedly declined p-AKT expression also oc-
curred by silencing PIK3CA. Abubaker, et al.27 also indicated 
that, among 215 cases of diffuse large B cell lymphoma pa-
tients, 17 cases (18%) exhibited PIK3CA mutation. Our results 
also revealed remarkable increases in PIK3CA expression in 
Nalm-6 cells, which is consistent with previous studies. 

Furthermore, the results from this research also revealed 
that, after being transfected by PIK3CA siRNA, the prolifera-
tion and invasion ability of Nalm-6 cells were suppressed, 
while their apoptosis ability was enhanced. At the same time, 
significantly enhanced sensitivity to chemotherapeutic drugs 
(VCR and DNR) was found after PIK3CA was silenced in 
Nalm-6 cells. Drug resistance among tumor cells was thought 
to be caused mainly by a combination of multiple anti-apop-
totic genes, and improving the sensitivity of tumor cells to 
drugs was one of the important strategies to improve the effi-
cacy of chemotherapy.28 Black and colleagues29 had shown that 
PIK3CA mutation could cause resistance to drugs, such as 
trastuzumab, among uterine serous carcinomas tumor cells. 
Patra, et al.30 also evaluated the sensitivity of breast cancer 
cells to trastuzumab and found an reduced sensitivity to trastu-
zumab for breast cancer cells. Ross, et al.31 pointed out in their 
study that, once PIK3CA in urothelial carcinomas cells was 
knockdown by retroviral-mediated shRNA delivery, the prolif-
eration and migration ability of these urothelial carcinomas 
cells was significantly impaired. Our research further validat-
ed the results of these precursor studies, demonstrating that 
PIK3CA silencing is helpful to increase Nalm-6 cell sensitivity 
to chemotherapeutic drugs (VCR and DNR). Under normal 

Fig. 7. PIK3CA silencing enhances Nalm-6 cell sensitivity to chemotherapeutic drugs. (A) Inhibition rate of cells in each group after being treated by vin-
cristine. (B) Inhibition rate of cells in each group after daunorubicin treatment. *p<0.05 when compared with Mock group at the same time, †p<0.05 when 
compared with PIK3CA-Control group.
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physiological conditions, PIK3CA is expressed in normal brain, 
lung, breast, gastrointestinal, cervix, ovary and other tissues. It 
has many important physiological functions, such as regulat-
ing somatic cell proliferation, differentiation, and survival. 
However, under normal circumstances, PIK3CA exists in an in-
active form and is hardly detected.32 After mutation, PIK3CA 
and its protein are easily detected due to being overexpressed, 
which are considered to contribute to cell carcinogenesis.33 

In the present study, we noticed that PIK3CA silencing might 
promote Nalm-6 cell sensitivity to chemotherapeutic drugs by 
suppressing the phosphorylation of Akt. Akt, one of the impor-
tant genes in the PI3K/Akt pathway, which plays a vital role in 
the progression of a variety of tumors.34,35 In recent years, re-
search on the effects of Akt on tumor cell drug sensitivity has 
accumulated. These studies have shown that inhibition of Akt 
phosphorylation could enhance the sensitivity of gastric cancer 
cell lines to cisplatin, thereby increasing the therapeutic effect 
of cisplatin on gastric cancer.36 Mutation of PIK3CA results in 
overexpression of PIK3CA protein, which leads to an increase 
in the catalytic activity of PI3K. Then, activated PI3K/AKT sig-
nalling further promotes cell carcinogenesis.37,38 Samuels, et al.39 
constructed a cancer cell line with PIK3CA gene mutation in 
vitro. Their study revealed that PI3K kinase activity is signifi-
cantly enhanced after PIK3CA mutation and that the phos-
phorylation level of AKT was also dramatically increased. AKT 
is a downstream direct target protein of PI3K, and its phos-
phorylation is closely related to the activation state of PI3K. 
Phosphorylated AKT could promote phosphorylation of mul-
tiple substrates downstream, thereby promoting tumor growth 
via inhibiting apoptosis and stimulating proliferation.40 This 
study confirmed for the first time that silencing of PIK3CA en-
hances chemotherapeutic drugs sensitivity Nalm-6 cells by 
inhibiting the phosphorylation of Akt. Clinically, it might be 
possible to inhibit the occurrence of leukemia and enhance sen-
sitivity to chemotherapeutic drugs by silencing PIK3CA ex-
pression. 

In conclusion, this study indicated that PIK3CA silencing 
could inhibit Nalm-6 cell proliferation and invasion and en-
hance Nalm-6 cell apoptosis and sensitivity to chemothera-
peutic drugs (VCR and DNR) by suppressing the phosphory-
lation of Akt. This article provides potential therapeutic targets 
for the treatment of childhood leukemia.
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