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A B S T R A C T   

Multiple myeloma (MM) is a malignant plasma cell disease. The activity of PIK3CG (PI3K cata
lytic subunit γ) is regulated directly by G-protein-coupled receptor and has been confirmed to be 
highly expressed in MM cells. This study aimed to determine the effect of pharmacological in
hibition of PIK3CG on MM. We found that different concentrations of the PIK3CG inhibitor AS- 
605240 could suppress the growth of MM cell lines and the expression of c-Myc. The combina
tion of PIK3CG inhibitor and the chemotherapy Melphalan could effectively inhibit the prolif
eration and migration of MM cells, promote the cell apoptosis, and decrease the ratio of Bcl-2/Bax 
and the expression of vimentin. The expression of proto-oncogene c-Myc was decreased and the 
sensitivity of cells to chemotherapeutic drugs was enhanced. Collectively, PIK3CG regulates 
growth of MM via c-Myc pathway, thus emerging as a promising molecular targeted therapy.   

1. Introduction 

Multiple myeloma (MM) is a hematological malignancy characterized by remarkable morbidity and mortality [1]. It is the second 
most common hematological malignancy in the world after non-hodgkin’s lymphoma, accounting for about 1 % of all cancers in the 
world and 10 % of hematological malignancy [2]. The most common clinical symptoms of this disease are hypercalcemia, renal failure, 
anemia, and bone disease [3]. It is characterized by uncontrolled proliferation of monoclonal plasma cells in the bone marrow resulting 
in overproduction of monoclonal immunoglobulin or light chains [4]. Melphalan together with steroid chemotherapy are current 
therapeutic approaches for the treatment of MM in recent decades [5]. However, many patients still suffer from refractory/relapsed 
MM for a finite period of time due to developing resistant to chemotherapy [6]. Therefore, it is very urgent to search for effective 
molecular targeted therapy for improving outcome of MM [7,8]. 
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A growing number of studies have shown that the PI3K/AKT signaling pathway is frequently dysregulated, playing vital roles in the 
carcinogenesis and chemo-resistance in several cancers [9]. Besides, it has been reported that the expression of PI3K/AKT signaling 
molecules is aberrantly activated in a large proportion of MM patients and is closely related to the occurrence and development, drug 
resistance, and poor prognosis of MM [10,11]. Interestingly, different PI3K isoforms have distinct functions in regulating tumoral 
signals. Among them, PI3Kγ, also called PIK3CG, is downstream of G protein-coupled receptors and involved in immune suppression as 
a molecular switch [12]. Our previous studies indicate that PIK3CG overexpression is correlated with the malignant phenotype in 
claudin-low breast cancer and pancreatic cancer cells [13,14]. Notably, PIK3CG is also highly expressed in MM cells and might 
function as a potential therapeutic target [11]. However, its exact function has not yet been fully explored. 

c-Myc is the most common proto-oncogene in malignant tumors and acts to regulate cell proliferation, cell cycle, differentiation and 
apoptosis [15]. Many studies have shown that inhibition of c-Myc expression could lead to tumor cell cycle arrest and apoptosis [16]. 
Moreover, c-Myc is activated in approximately 70 % of MM-derived cells and contributes to deaths of MM patients [17]. Interestingly, 
PI3K or PI3Kγ inhibition combined with other antitumor therapies could suppress the malignancy of cancers by targeting the c-Myc 
signaling [18–20]. Therefore, c-Myc might be a potential PIK3CG downstream target for treatment of MM patients. The present study 
aimed to determine the inhibitory effect of PIK3CG through c-Myc signaling pathway to provide a promising therapeutic option of MM 
treatment. 

2. Materials and methods 

2.1. Cell culture and transfection 

U266 cells were purchased from Youcheng Biological Company (Changsha, China). ARP-1 cells were obtained from Department of 
Biochemistry and Molecular Biology, Central South University, China [21]. All cell lines were cultured in RPMI 1640 medium 
(Hyclone, USA) supplemented with 10 % fetal bovine serum (FBS) (PAN-Biotech, Aidenbach, Germany), 100 U/ml penicillin and 100 
μg/mL streptomycin (Solarbio, Beijing, China) in an incubator of 5 % CO2 at 37 ◦C. The U266 cells were seeded into the 6-well plates at 
a density of 5000 cells/well, cultured for 24 h and then transfected when the cell density reached 70 %. The siRNA sequences of 
PIK3CG were as follows: si-RNA1:5′- GCAGUUUAAUUGGUUUCUACA-3′, si-RNA2:5′-CUCCAGAUCUACUGCGGUAAA)-3’ (Gene
Pharma, Shanghai, China). Following mixing of Lipofectamine 2000 (Invitrogen, Carlsbad, CA, United States) with si-RNA1, si-RNA2 
or the negative transfection group (si-NC), and the mixture was added to the cells and incubated for 6 h. Complete medium was then 
used for culture for 24 h, following which the cells were collected for subsequent experiments. 

2.2. Chemicals and kits 

AS-605240 and Melphalan (Selleck chemicals, Houston, TX, USA) was dissolved in dimethylsulfoxide (DMSO) (Solarbio, Beijing, 
China) and stored at − 20 ◦C. The chemicals also include Cell Counting Kit-8 (CCK8) (YEASEN, Shanghai, China), Cell Cycle and 
Apoptosis Kits (EVERBRIGHT, USA), Hoechst 33342 Staining Kit (Bioworld Technology, Nanjing, China). 

2.3. CCK8 assay 

Cell viability was measured using CCK-8. The cells were seeded in 6-well plates and then treated with AS-605240 (5 μM) or/and 
Melphalan (4 μM) for 48 h. After 48 h treatment, cells were digested and transferred to 96 well micro-plates, replanting at a density of 
approximately 3000 cells per well. CCK-8 kit was utilized to quantify cell viability on day1, day2, day 3 and day4 after seeded in 96 
well micro-plates. Cell proliferation was measured using the CCK-8 (Dojindo Laboratories) according to the manufacturer’s in
structions. After treatment, CCK-8 solution was added to the medium (1: 10) and incubated at 37 ◦C for 3 h. Absorbance was measured 
at 490 nm using a microplate reader (Thermo, USA). All experiments were performed in triplicate. 

2.4. Flow cytometry for cell cycle and apoptosis 

For cell cycle analysis, the cells were washed twice with Phosphate buffered saline (PBS), and then fixed with 70 % cold ethanol at 
4 ◦C overnight. After washing, the cells were incubated in a 0.535 mL of PI staining solution at room temperature for 30 min. For 
apoptosis analysis, cells were stained using Annexin V-FITC/PI Apoptosis Detection Kit according to the manufacturer’s instructions 
and then were measured by flow cytometry. Q1-UR region indicated the rate of late apoptotic cells in picture obtained by apoptosis 
analysis. The apoptosis analysis was performed in triplicate and final proportion of late apoptotic cells was presented as the mean ±
SEM. 

2.5. Apoptosis assay by Hoechst33342 

Cell apoptosis was measured using a Hoechst 33342 Staining Kit. The cells were seeded in 6-well plates and then treated with AS- 
605240 (5 μM) or/and Melphalan (4 μM) for 48 h. After 48 h treatment, the cells were washed twice with PBS and then incubated in 
dilution buffer with Chromogen (the final concentration was 5 μg/mL) about 5 min in a dark incubator at 30 ◦C. After washing, a drop 
of the sample was added onto the slide and then observed with the fluorescence microscope (Olympus, Japan). 
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2.6. Cell migration 

The cells migration ability was examined by Transwell chamber assay (Coring costar, MA, USA). The cells were seeded in 6-well 
plates and then treated with AS-605240 (5 μM) or/and Melphalan (4 μM) for 48 h. After 48 h treatment, cells were collected and seeded 
(2 × 104 cells/well) in serum-free 1640 medium (100 μL) in the upper chamber (transwell insert) and 600 μL 1640 medium with 10 % 
FBS were added in the lower chamber. Then, the cells were incubated for 24 h in 5 % CO2 at 37 ◦C. The non-migrated cells found on the 
upper surface of the membrane were removed. The cells of migrated to lower chamber were collected by centrifugation. The per
centage of cells that migrated was calculated. 

2.7. Quantitative real-time PCR (qRT-PCR) analysis 

Total RNA was extracted by Trizol Up Plus RNA Kit (Transgene Biotech, Beijing, China), according to the manufacturer’s in
structions. Reverse transcription and qRT-PCR was performed using the FastQuant RT Kit and SuperReal PreMix Plus (TIANGEN, 
Beijing, China). The primer sequences used in this study as follows. The primers for hSTAT3 are 5′-ACCAGCAGTATAGCCGCTTC-3′(F) 
and 5′-GCCACAATCCGGGCAATCT-3′(R). The primers for hMMP9 were 5′-GGCGCTCATGTACCCTATGT-3′(F) and 5′-TCAGGTG
GAGGTATTGTTTCCGGCA-3′(R). The primers for human c-Myc were 5′-CGCCCTCCTACGTTGCGGTC-3′(F) and 5′- 
CGTCGTCCGGGTCGCAGATG-3′(R). The primers for hVimentin primer sequences were 5′-CTCGAATACGATGACTCGGTG-3′(F) and 5′- 
TTCCAGGGACTCATTGGTTCC-3′(R). The primers for hGAPDH primer sequences were 5′-GACCCCTTCATTGACCTCAAC-3′(F) and 5′- 
CTTCTCCATGGTGGTGAAGA-3′(R). The relative mRNA expression of each gene was normalized to GAPDH according to the 2− ΔΔCT 

Fig. 1. Knockdown of PIK3CG inhibited proliferation of MM cells. (A) The mRNA expression level of PIK3CG was analyzed by CCLE database in 
multiple cancers. The dashed line within a box is the mean. (B) The overall survival curves were evaluated by Kaplan–Meier analysis. Patients were 
divided into PIK3CG low (n = 134) and PIK3CG high (n = 554) groups based on the expression level of PIK3CG. (C) qRT-PCR revealed that PIK3CG 
mRNA was significantly repressed in si-PIK3CG-1 and si-PIK3CG-2 transfectants compared with control. (D) A CCK8 assay results showed the effect 
of si-PIK3CG-1 and si-PIK3CG-2 on cell growth in U266 cells compared with that of cells transfected with control. Data shown are mean values ±
standard errors from three independent experiments. *p < 0.05, **p < 0.01 compared with the control group. 
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method. Data were derived from three repeats for each sample. 

2.8. Western blot analysis 

The cells were incubated with various concentrations of AS-605240 or/and Melphalan for 48 h. Whole cell lysate was lysed in RIPA 
buffer (Beyotime Biotechnology, Beijing, China). The total protein concentration was quantified using a BCA Protein Assay Kit 
(Beyotime Biotechnology, Beijing, China). Blots were developed using the Efficient Chemiluminescence Kit (GENVIEW) and Sage
Capture imaging System (SAGECREATION). Primary antibodies were c-Myc (1:1000; ABclonal, No.A1309), Bax (1:1000; Proteintech, 
No. 50599-2-Ig), Bcl-2 (1:1000; Proteintech, No. 12789-1-AP), PIK3CG (1:1000; CST, No.5405), AKT (1:1000; CST, No.4691), p-AKT 
(1:1000; CST, No.4060), RELA (1:1000; ABclonal, No.A16271), p-RELA(1:1000; Wanlei, No.102132169), and Vimentin (1:1000; CST, 
No.5741S). Blots were reprobed with anti-β-actin antibody (1:2000; ABclonal, No.AC004) as a loading control. The secondary anti
bodies used for Western blot were Goat Anti-Mouse IgG (1:4000; AB clonal, No. AS003) and Goat Anti-Rabbit IgG (1:4000; Abbkine, 
No.A21020). 

Fig. 2. PIK3CG inhibitor AS-605240 can inhibit MM cell viability. (A–B) Cell viability rate and cell growth curve of MM cell U266 under treatment 
of AS-605240 (0, 1, 2, 4, 8, 16, 32, 64 μM) were shown. (C–D) Cell viability rate and cell growth curve of MM cell ARP-1 under treatment of AS- 
605240 (0, 1, 2, 4, 8, 16, 32, 64 μM) were shown. (E–F) The expression level of c-Myc in U266 cells after treatment by AS-605240 (0, 2, 4, 8, 16, 32 
μM) was examined. DMSO was used as control. Data shown are mean values ± standard errors from three independent experiments. *p < 0.05, **p 
< 0.01, ***p < 0.001 compared with the control group. 
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2.9. Statistics 

All experiments were performed at least three times. All data analyses were performed with the SPSS 15.0 software and GraphPad 
Prism 7.0 software. All data are presented as mean ± standard error. Statistical analysis was performed using the two-tailed Student t- 
test and p value of 0.05 or less was considered statistically significant. 

Fig. 3. AS-605240 in combination of Melphalan arrested cell cycle progression of MM cells. (A–B) Cell viability rate and cell growth curve of U266 
cells, which were treated with control, 5 μM AS-605240 or 4 μM Melphalan or 5 μM AS-605240 combined with 4 μM Melphalan were shown. (C–D) 
Cell viability rate and cell growth curve of ARP-1 cells, which were treated with control, 5 μM AS-605240 or 4 μM Melphalan or 5 μM AS-605240 
combined with 4 μM Melphalan were shown. (E–F) Cell cycle was detected by flow cytometry after treatment with control, 5 μM AS-605240 or 4 μM 
Melphalan or 5 μM AS-605240 combined with 4 μM Melphalan in U266 and ARP-1 cells, respectively. DMSO was used as control. Data shown are 
mean values ± standard errors from three experiments. *p < 0.05 compared with the control group. 
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Fig. 4. The combination of AS-605240 and Melphalan can promote apoptosis of MM cells. (A–B) Cell apoptosis of U266 cells treated with control, 5 
μM AS-605240 or 4 μM Melphalan or 5 μM AS-605240 combined with 4 μM Melphalan for 48 h were detected by flow cytometry. (C) Cell late 
apoptosis ratio of U266 cells treated with control, 5 μM AS-605240 or 4 μM Melphalan or 5 μM AS-605240 combined with 4 μM Melphalan were 
examined. Cells were treated with same amount of DMSO as control and detected by Hoechst33342 staining. Scale bars, 50 μm. (D) Bar chart 
showed the ratio of apoptotic cells in U266 cells treated with control, 5 μM AS-605240 or 4 μM Melphalan or 5 μM AS-605240 combined with 4 μM 
Melphalan. (E–F) Western blot analysis of Bcl-2 and Bax in U266 and ARP-1 cells treated with control, 5 μM AS-605240 or 4 μM Melphalan or 5 μM 
AS-605240 combined with 4 μM Melphalan were shown. β-actin is included as the loading control. Bar chart showed the relative protein expression 
of Bcl-2/Bax in U266 and ARP-1 cells. Data shown are mean values ± standard errors from three experiments. *p < 0.05, **p < 0.01 compared with 
the control group. 
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3. Results 

3.1. PIK3CG was predicted to be highly expressed in MM and correlate with low overall survival rate of MM patients 

Initially, PIK3CG was found to be highly expressed in MM compared with other tumors using CCLE database (Fig. 1A). Further, 
Kaplan-meier curve analysis results showed that the overall survival rate of patients with high PIK3CG expression was lower than that 
of patients with low PIK3CG expression using GSE24080 database analysis (Fig. 1B). To further investigate the function of PIK3CG on 
tumor progression, PIK3CG was knocked-down by siRNA in MM cells and the expression efficiency of si-PIK3CG-1 and si-PIK3CG-2 
was evaluated using qRT-PCR (Fig. 1C). Subsequently, the effect of PIK3CG on cell proliferation was conducted through CCK-8. 

Fig. 5. AS-605240 in combination with Melphalan decreased cell migrations. (A) Migration rate of U266 cells treated with control, 5 μM AS-605240 
or 4 μM Melphalan or 5 μM AS-605240 combined with 4 μM Melphalan was detected by Transwell. Represented pictures of migrated cell were 
shown. Scale bars, 50 μm. (B–C) Western blot analysis of AKT and p-AKT in U266 and ARP-1 cells treated with control, 5 μM AS-605240 or 4 μM 
Melphalan or 5 μM AS-605240 combined with 4 μM Melphalan for 48 h were shown. DMSO was used as control. (D–E) The expression level of 
Vimentin and β-catenin were examined in U266 and ARP-1 cells by Western blot. Data are presented as mean values ± standard errors from three 
independent experiments. *p < 0.05, **p < 0.01 compares with the control group. 
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The result showed that proliferation abilities of PIK3CG-inhibited cells were significantly decreased on day 4 when compared with the 
control cells (Fig.1.D). The results suggested that knockdown of PIK3CG inhibits proliferation of MM cells and PIK3CG might be a 
valuable biomarker for this disease. 

4.2. PIK3CG inhibitor AS-605240 can inhibit MM cell growth 

AS-605240, an ATP-competitive PI3Kγ inhibitor, is shown to selectively inhibit PI3Kγ (PI3KCG) enzymatic activity as well as PI3Kγ- 
mediated signaling in vitro and in vivo, thus it was used for targeting PIK3CG [13,22]. To investigate the effect of PI3KCG on cell 
viability in vitro, two MM cell lines U266 and ARP-1 were treated with different concentration of AS-605240 (0, 1, 2, 4, 8, 16, 32, 64 
μM) after 72 h. CCK-8 results showed that AS-605240 concentration-dependently and significantly decreased the viability of U266 and 
ARP-1 cells (Fig. 2A-D). In addition, the protein expression level of c-Myc was gradually reduced after treatment of U266 cells for 48 h 
with different doses of AS-605240 (0, 2, 4, 8, 16, 32 μM) (Fig. 2E-F). The results showed that AS-605240 can inhibit the expression of 

Fig. 6. PIK3CG inhibitor combined with Melphalan inhibited the expression level of c-Myc in MM cells. (A) The relative expression level of STAT3 
and MMP9 in U266 cells treated with control, AS-605240 (5 μM), Melphalan (4 μM) or AS-605240 plus Melphalan for 48 h were examined by qPCR. 
DMSO was used as control. (B) The relative expression level of c-Myc and RELA in U266 cells treated with control, AS-605240 (5 μM), Melphalan (4 
μM) or AS-605240 plus Melphalan was examined by qPCR. (C–D) Western blot analysis of RELA, p-RELA and c-Myc in U266 and ARP-1 cells treated 
with control, AS-605240 (5 μM), Melphalan (4 μM) or AS-605240 plus Melphalan were shown. Data are presented as mean values ± standard errors 
from three independent experiments. *p < 0.05, **p < 0.01 compares with the control group. 
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c-Myc in a concentration-dependent manner. Taken all together, these data suggested that PIK3CG inhibitor AS-605240 can inhibit 
MM cell viability and decrease c-Myc expression levels. 

4.3. AS-605240 in combination with Melphalan dramatically inhibited cell proliferation and arrested cell cycle progression of MM cells 

To further investigate the function of PIK3CG, AS-605240 combined with Melphalan, which is a classical chemotherapy drug for 
treatment of MM, was tested in U266 and ARP-1 cells. CCK-8 results showed that after 4 days treatment, the inhibitory effect of AS- 
605240 and Melphalan alone on cell viability was augmented. Compared with them, the cell viability of AS-605240 in combination 
with Melphalan treatment were significantly decreased in MM cells (Fig. 3A-D). Consistently, after 48 h treatment with different 
groups (control, AS-605240, Melphalan and AS-605240 combination with Melphalan group), flow cytometry results showed that both 
AS-605240 and Melphalan arrested the cell cycle progression. Moreover, the percentage of cells entering into G2/M phases in com
bination group was higher than AS-605240 and Melphalan alone group (Fig. 3E-F). Overall, the data suggested that AS-605240 in 
combination with Melphalan increased the inhibitory effect on cell proliferation and arrested cell cycle progression of MM cells. 

4.4. The combination of AS-605240 and Melphalan can promote apoptosis of MM cells 

Induced cell apoptosis is one of the main therapy methods for the treatment of different types of cancer. The flow cytometric 
analysis results showed that the apoptosis rate of U266 cells increased when treated with either AS-605240 or Melphalan alone when 
compared with control (Fig. 4A-B). Notably, using of AS-605240 in combination with Melphalan caused a significant increase of cell 
apoptosis. Moreover, the apoptotic cells showed bright blue fluorescence under fluorescence microscope by Hoechst 33342 staining. 
The U266 cells treated with AS-605240 in combination with Melphalan exhibited a greater extent of apoptosis when compared with 
other treatment (Fig. 4C-D). In addition, it has been reported that Bcl-2 inhibits apoptosis, while Bax can bind to Bcl-2 to form het
erodimer and subsequently inhibit the function of Bcl-2 and promote the apoptosis of cells [23]. Western blot results showed that the 
ratio of Bcl-2/Bax in U266 and ARP-1 was decreased in either AS-605240 or Melphalan group compared with the control group 
(Fig. 4E-F). Of note, the ratio decreased dramatically in combined group, suggesting that AS-605240 in combination with Melphalan 
increased the apoptosis of MM cells. 

4.5. PIK3CG inhibitor in combination with Melphalan prevented cell migration 

Furthermore, the function of PIK3CG inhibitor in combination with Melphalan on cell migration was examined in U266 cells. The 
data showed that the migration rates in control, AS-605240, Melphalan, and combination treatment were 61 %, 32 %, 36 % and 21 %, 
respectively, suggesting that AS-605240 in combination with Melphalan can greatly inhibit cell migration (Fig. 5A). It has been re
ported that AKT is the downstream target of PIK3CG and can influence cell growth, migration and stemness [23]. Western blot showed 
that AS-605240 alone can greatly reduce the expression of p-AKT, confirming the involvement of PI3K/AKT signal pathway 
(Fig. 5B-C). However, the expression level of p-AKT seems unchanged after treated with AS-605240 in combination with Melphalan 
compared with AS-605240 alone group, suggesting that PIK3CG inhibitor in combination with Melphalan exerted its function via other 
signaling pathway except AKT. In addition, Epithelial-Mesenchymal Transition (EMT) has been shown to be closely related to tumor 
metastasis. Western blot results showed that there was no significant difference in β-catenin expression between AS-605240 alone 
group and combination group. Surprisingly, the protein expression level of Vimentin in U266 and ARP-1 was greatly decreased in 
combination of AS-605240 and Melphalan compared with other treatments (Fig. 5D-E). The above results suggested that AS-605240 in 
combination with Melphalan prevented cell migration in MM via down-regulation of Vimentin. 

4.6. AS-605240 combined with Melphalan inhibited c-Myc expression in MM cells 

Many studies indicated that STAT3, a downstream gene of PIK3CG, is associated with stemness, while MMP9 is involved in 
regulating invasion and metastasis of tumor cells [24]. Our data showed that the mRNA levels of STAT3 and MMP9 in U266 cells were 
significantly reduced in AS-605240 group compared with control group. However, the mRNA levels of STAT3 were not affected, 
whereas MMP9 was even increased in U266 cells when treated with combined group compared with the control group (Fig. 6A). These 
results suggested that AS-605240 may not directly improving Melphalan therapy of MM through STAT3 and MMP9. Moreover, among 
the downstream related genes regulated by STAT3, c-Myc is closely related to cell cycle differentiation [25]. Besides, p300-mediated 
RELA/p65 hyperacetylation by STAT3 is essential for NF-κβ activation in cancer cells [26]. As shown in Fig. 6B, qPCR analysis 
indicated that the AS-605240 combined with Melphalan treatment downregulated c-Myc mRNA expression levels, whereas the 
expression level of RELA in combination group were as same as that in AS-605240 alone group or Melphalan group (Fig. 6B). 
Moreover, Western blot showed decreased phosphorylation of RELA and c-Myc in ARP-1 cells treat with combination group compared 
with other groups (Fig. 6C-D). In addition, the expression of c-Myc, but not p-RELA was significant decreased in U266 cells treat with 
combination group compared with other groups. Taken all together, our data suggested that PIK3CG inhibitor combined with 
Melphalan mainly inhibited the expression level of c-Myc in MM Cells. 

4. Discussion 

Epidemiological statistics show that there are about 86,000 new cases of MM worldwide every year, with an annual mortality of 4.1 
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per 100,000 [27]. Since there is no effective treatment for the disease, the main goal of treatment is to delay the progression of the 
disease and extend the survival period of patients [28]. Therefore, it is very urgent to further explore the mechanism of MM devel
opment and search for new potential targeted therapeutic drugs. Phosphoinositide-3-kinases (PI3K) are a large group of lipid kinases 
that produce phosphatidylinositol 3,4,5-triphosphate (PIP3), which regulates cell survival and proliferation signals [29]. Among them, 
Class I PI3K isoforms (PI3Kα/β/γ/δ) are known to be involved in the carcinogenesis and chemo-resistance in many cancer types, such 
as breast cancer, colon cancer and prostate cancer [30]. Previously, it has been reported that PI3Kγ (PIK3CG) was highly expressed in 
MM cells [8]. However, the exact function of PIK3CG in MM is not yet understood. In our research, the results from GSE/CCLE database 
predicted that PIK3CG was highly expressed in MM and corelated with low overall survival rate. Besides, knockdown of PIK3CG 
significantly inhibited cell proliferation, suggesting that PIK3CG might be a valuable biomarker for MM. 

In recent years, several chemotherapeutic agents such as thalidomide, bortezomib, and lenalidomide have been used in clinical 
trials [31]. Although overall survival in patients with MM were significantly improved, a majority of them still suffer from relapse. 
Piddock et al. found that PI3Kγ inhibitor CZC24832 reduces MM proliferation and survival [11]. Consistently, our results showed that 
PIK3CG inhibitor AS-605240 can also inhibit MM cell growth. It has been reported that c-Myc is associated with MM progression and 
involved in regulating cell proliferation, cell cycle, differentiation and apoptosis [32–35]. Our results showed that AS-605240 can 
inhibit the expression of c-Myc in a concentration-dependent manner. 

A accumulating number of studies showed that combinations of chemotherapeutic agents might be a potential therapy of MM [36]. 
Li et al. found that the combination of luteolin and bortezomib had a significant positive synergistic effect on myeloma cells [37]. In 
our research, we found that AS-605240 in combination with Melphalan can effectively inhibit the proliferation and migration of MM 
cells and promote late apoptosis. Besides, AS-605240 in combination with Melphalan reduced the ratio of apoptosis-related proteins 
Bcl-2/Bax, the expression of migration related protein vimentin, and the expression of c-Myc. Interestingly, inhibiting both PI3Kδ and 
PI3Kγ using duvelisib was shown to be more cytotoxic to MM cells than inhibition of either isoform alone [11]. Notably, duvelisib, but 
not CZC24832 and PI3Kδ inhibitor idelalisib, inhibited IL-6-induced AKT phosphorylation in MM [11]. The aberrant activation of the 
PI3K-AKT pathway has been reported in several blood cancers including acute myeloid leukaemia, chronic lymphocytic leukaemia and 
MM [38]. Indeed, in our research, AS-605240 alone can greatly reduce the expression of p-AKT, confirming the involvement of 
PI3K/AKT signal pathway. However, the expression level of p-AKT seems unchanged after treated with chemotherapy drug Melphalan 
compared with control group, suggesting that PIK3CG inhibitor in combination with Melphalan may exert its function via other 
signaling pathway except AKT. 

Notbaly, Western blot and qPCR results showed that the expression of c-Myc in combination treatment group was decreased 
dramatically, suggesting the possibility of involvement of PI3K/c-Myc signaling pathway in MM cells. However, it still needs to be 
further explored. Taken all together, the combination of PIK3CG inhibitor and clinically existing chemotherapy drug Melphalan might 
be a promising treatment for MM. 

5. Conclusion 

Our studies found that PIK3CG was highly upregulated and associated with worse survival in patients with MM. In addition, 
PIK3CG inhibitor AS-605240 combined with chemotherapy drug Melphalan can effectively inhibit the proliferation and migration of 
MM cells, promote cell apoptosis, and enhance the sensitivity of cells to chemotherapy drug. Overall, c-Myc pathway may emerge as a 
mechanistic clue for anti-PIK3CG treatment in MM. 
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