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Abstract 
 

Purpose: OCT4 gene is specifically expressed in embryonic 

stem cells and plays a very important role in the proliferation, 

differentiation, and self-renewal of these cells. The abnormal 

expression of the OCT4 gene has been observed in most 

malignancies. Expression of this gene can affect the 

proliferation and apoptosis of malignant cells by activating 

various signaling pathways. The proliferation and excessive 

accumulation of myeloma cells in the bone marrow causes the 

essential complications of multiple myeloma. Genetic changes 

and mutations play a role in unscheduled proliferation and 

diminishing of the apoptosis of the myeloma cells. 

 

Material and methods: In this study, the expression of the 

OCT4 gene by quantitative PCR and its effects on proliferation, 

apoptosis, and cell cycle of the myeloma cells by flow 

cytometry was investigated.  

 

Results: The results of our study indicated that the myeloma 

cells express the OCT4 gene; and inhibition of the OCT4 gene 

by siRNA reduced its expression. The siRNA treated myeloma 

cells indicated decreased proliferation and increased apoptosis.  

 

Conclusion: As with studies in other malignancies, our study 

also revealed that the OCT4 gene was expressed in the myeloma 

cells, with evidences of increased proliferation and reduced 

apoptosis in these cells. 

 

Keywords: Apoptosis; Cell Cycle; Myeloma Cell; OCT4; 

siRNA 

 

Introduction 
 

      Multiple myeloma (MM) is a malignant plasma-cell 

proliferative disorder with heterogeneous cytogenetic in bone 

marrow [1]. More than 10% of bone marrow cells are clonal 

plasma cells [2]. MMis diagnosed with CRAB syndrome, 

which includes hypercalcemia, kidney failure, anemia, and 

bone lesions [3]. These abnormalities in the patient are caused 

by Clonal proliferation of myeloma cells in bone marrow [4]. 

Various clinical manifestations, variable molecular 

characteristics, and response to different treatments in patients 

with MM are observed due to genomics changes and oncogenic 

somatic mutations [5]. These mutations and genetic alteration 

cause incompetence in proliferation and apoptosis of the 

myeloma cells. CCND (Cyclin D), FGFR3 (Fibroblast growth 

factor receptor), TP53 and c-MYC are the most important genes 

that change in myeloma cells. Dysregulation of cyclin D gene 

expression is the most important unscheduled proliferation 

factor in myeloma cells [6]. The FGFR3 expression increases 

the proliferation and prevents apoptosis in the myeloma cells 

[7]. c-MYC proto-oncogene and TP53 play a very important 

role in the cell cycle and apoptosis of the myeloma cells [8,9]. 

OCT4 gene expression can affect the signaling pathways of 

these genes [10]. Failure in proliferation mechanisms and 

apoptosis and the retention of their self-renewal potential 

causes the accumulation of myeloma cells in the bone marrow 
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and complications of the disease [11]. Many studies have 

shown that OCT4 is expressed in human malignancies and 

plays an important role in tumorigenesis, increasing the 

proliferation potential and aggressive cancer cells [12]. OCT4 

gene plays a very important role in a large number of signaling 

pathways [13]. The OCT4 in humans is located on chromosome 

6 (6p21.31) and is naturally expressed in the early stages of 

development and during embryonic development [14]. It plays 

a major role in maintaining the self-renewal of fetal cells, cell 

proliferation and cellular differentiation [15]. In this study, the 

expression of the OCT4 gene and its effect on myeloma cells 

proliferation and apoptosis have been investigated. 

 

Materials and Methods 

 

Cell Lines and Cell Culture 

 

      RPMI8226 and U266 cell lines (Cell bank of hematology 

department, Tarbiatmodares university, Tehran) were grown in 

complete media consisting of RPMI1640 (Gibco), 2mM L-

glutamine (Gibco), 50 U/ml penicillin (Gibco), 50µg/ml 

Streptomycin (Gibco), and 10% inactivated fetal bovine serum 

(FBS) (Gibco). The cells were cultured in an incubator filled 

with 5% CO2 at a temperature of 37˚C. 

 

Small Interfering RNA (siRNA) Experiments 

 

      The small interfering RNA (siRNA) against OCT4 (Catalog 

N: AM16708, Assay ID: 115304, Ambion), the siRNA negative 

control (Catalog N: AM4621, Ambion), and the lipofectamine 

RNAiMAXreagent (Thermo Fisher Scientific, USA) were 

purchased.  

 

      Myeloma cells siRNA transfection was performed 

according to the “LipofectaminRNAiMAX Reagent Protocol” 

(Thermo Fisher Scientific, USA). Briefly, to prepare the 

siRNA-lipofectamine complex per well of a 12-well plate, in a 

tube 5Pmol of siRNA was diluted in 50 µl of Opti-MEM 

medium (Invitrogen), and in another tube 2µl of 

lipofectamineRNAiMAX was diluted in 50µl of Opti-MEM 

medium. The contents of the siRNA and lipofectamine tubes 

were combined together and gently mixed, followed by 5 min 

incubation at room temperature. 

 

      The 100µl siRNA-lipofectamine complex was added to 

2×105 myeloma cells in each well and mixed well and incubated 

at a temperature of 37°C for 30min.After incubation, to each 

well was added 2ml of RPMI1640 medium with 10% FBS 

without antibiotics followed by incubation 37°C with 5% CO2 

for 24 hours, 48 hours and 72 hours, respectively. After 

transfection, cells were analyzed for proliferation, cell cycle, 

apoptosis, and gene expression. 

 

Real Time PCR Analysis of mRNA Expression 

 

      For real time RT-PCR procedures, the total RNA was 

extracted from myeloma cells using a RNX-Plus solution 

(SinaClon, Iran), according to the manufacturer’s protocol.  

 

     cDNA was synthesized from 1μg total RNA samples using 

2-steps RT-PCR Kit (Vivantis). Amplification for real time RT-

PCR was performed using RealQ Plus 2x Master Mix Green 

high ROX (Ampliqon) and aStepOne Real-Time PCR Systems 

(Applied Biosystems) for signal detection. The primer for 

OCT4 gene was designed from exon-exon junction and the 

primer sequences were for OCT4 (forward sequence: 5’-

GGTGCCTGCCCTTCTAGGAATG-3’; revers sequence: 5’-

TGCCCCCACCCTTTGTGTTC-3’) and β-actin (forward 

sequence: 5’-TGAAGATCAAGATCATTGCTCCTC-3’; 

revers sequence: 5’-AGTCATAGTCCGCCTAGAAGC-

3’).The relative expression levels of OCT4 gene were compared 

with β-actin relative expression levels as a reference gene. 

Relative quantification of gene expression was evaluated using 

the 2-ΔΔCTmethod [16]. 

 

Cell Proliferation Assay 

 

      The proliferation of RPMI8226 and U266 cells, after 

transfections, was determined by using Orangu solution (Cell 

Guidance Systems).2×104 cells after being transfected by 

siRNA were seeded into each well of 96-well plates, followed 

by incubation at 37°C with 5% CO2 for 24 hours, 48 hours and 

72hours, respectively. After each time point, 10μL of Orangu 

solution was added to each well. The plates were incubated for 

4 hours at 37°C. The absorbance (OD) was measured using an 

Anthos 2020 microplate reader (Biochrom) at a wavelength of 

450 nm. 

 

Cell Cycle Analysis 

 

      Myeloma cells at a density of 2×105 cells/well were treated 

with siRNA at 24 hours, 48 hours in 12-well plates. After each 

time point, cells were harvested from plate well and also the 

floating cells in the medium were collected. They were pelleted 

by centrifugation, washed twice with PBS, and Fixed in cold 

70% ethanol for 30 min at a temperature of 4°C.After fixation, 

cells were washed in PBS and then incubated with PI 

(Propidium Iodide) staining solution containing 100μg/mL of 

RNase and 50μg/mL of PI in PBS, in the dark for 30minutes. 

Cellular DNA content and cell cycle was analyzed by the BD 

FACSCaliburflow Cytometer (BD Biosciences), BD Paint-A-

Gate Pro software and BD FACSDiva™ software (BD 

Biosciences). The results were expressed as the percentage of 

cell population in each phase. 

 

Flow Cytometry Analysis of Apoptosis 

 

      Apoptosis analysis of treated myeloma cells with siRNA for 

24hours and 48hours was performed according to the 

manufacturer’s instructions (Annexin V Apoptosis Detection 

kit FITC, Invitrogen). Briefly, 2×105myeloma Cells were 

washed with PBS and a binding buffer, and then re-suspended 

in100µl binding buffer containing 5μL of Annexin V-FITC and 

incubated at room temperature for 15mins in the dark. After 

incubation,the cells were washed with binding buffer again,re-

suspended in 200µl binding buffer containing 5μL ofPropidium 

Iodide (PI) and incubated at room temperature for 5mins in the 

dark. Cells were analyzed using the BD FACSCalibur flow 
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Cytometer (BD Biosciences), BD Paint-A-Gate Pro software 

and BD FACSDiva™ software (BD Biosciences). Data was 

expressed as percentage of unstained/single or double stain 

cells in four populations. 

 

Statistical analysis 

 

      Data was analyzed using R version 3.4.3software [17]. 

Differences between groups were evaluated with analysis of 

variance (ANOVA) and Tukey test. Results were presented as 

means± standard deviation (SD). A value of P<0.05 was 

considered as significant to obtain the statistical significance 

between treated groups and controls. 

 

 

 

 

 

 

Results 
 

Effect of OCT4 siRNA on OCT4 Expression in Myeloma 

Cells 

 

      Expression of the OCT4 gene in the RPMI8226 and U266 

myeloma cells is presented in (Figure 1.a). To confirm the 

accuracy of the expression of the OCT4 gene, human 

fibroblasts were used as a negative control and the NT2 embryo 

carcinoma cell line was used as a positive control for OCT4 

gene expression. 

 

      The expression of OCT4 gene in RPMI8226 and U266 

myeloma cells treated with siRNA and in untreated myeloma 

cells were measured by real time PCR as shown in (Figure 1.b). 

OCT4 gene expression was significantly decreased in siRNA 

treated RPMI8226 and U266 myeloma cells compared to the 

untreated RPMI8226 and U266 myeloma cells(P<0.05). 

 

 

 
 

 

Figure 1: OCT4 siRNA reduced OCT4 expression on myeloma cells. (a) OCT4 and β actin expression was determined using RT-

PCR on RPMI8226 and U266 cells. (b) Expression of OCT4 by RPMI8226 and U266 cells after 24, 48 and 72 hours of treatment with 

OCT4 siRNA. The indicated gene was analyzed using qRT-PCR and the results were normalized to β actin and related to untreated 

RPMI8226 and U266 cells. 

 

OCT4 down Expression Decrease the Myeloma Cells 

Proliferation 

 

     OD level showed the proliferation rate of myeloma cells. 

Proliferation rate increased in RPMI8226 and U266 myeloma 

cells in three groups of untreated myeloma cells, siRNA treated 

myeloma cells, and siRNA negative control cells at 0, 24, 48 

and 72 hours, respectively (Figure 2). As seen, proliferation 

rate in the two groups of untreated myeloma cells and the 

siRNA negative control cells in both RPMI8226(Figure 2.a) 

and U266 (Figure 2.b) cells was roughly identical and showed 

a uniform trend at the indicated times and no significant 

difference was observed in the tested times (p> 0.05).There was 

a one-stop in cell proliferation in the group of siRNA treated 

myeloma cells in the 24-hour period, and the OD level showed 

a significant decrease compared to untreated myeloma cells 

group (p <0.05).This proliferation stop in the first 24 hours 

caused a decrease in the cell count and, as a result, a decrease 

in OD level in 48 and 72 hours in the siRNA-treated myeloma 

cells group compared to the untreated myeloma cells group (p 

<0.05). 

 

      The number of cells counted at 0, 24, 48 and 72 hours in 

three groups of untreated myeloma cells, siRNA treated 

myeloma cells and siRNA negative control cells are presented 

in (Figure 2.c&d). As seen, the number of cells in the siRNA 

treated myeloma cells group was significantly reduced 

compared to untreated myeloma cells groups at 0, 24, 48 and 72 

hours(p <0.05).There was no significant difference in the 

number of cells between untreated myeloma cells compared to 

the siRNA negative control group at the same times (p> 0.05). 
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Figure 2: Effect of OCT4 siRNA on the proliferation of RPMI8226 myeloma cells and U266 myeloma cells. (a & b) was determined 

by Orangu kit OD assay. Data are shown as mean ± SD,*P<0.05. ( c& d) was estimated by cell number. Data are shown as mean ± 

SD,*P<0.05. 

 

Decrease of OCT4 Gene Expression Induced Myeloma Cells 

Apoptosis by Annexin V-FITC/ PI Staining 

 

     The apoptosis of the RPMI8226 and U266 myeloma cells 

after 24 hours of treatments presented in (Figure 3). The 

reduction of the expression of OCT4 in the siRNA treated 

RPMI8226 myeloma cells group caused a significant increase 

in the percentage of Early apoptosis cells by 14.8%, Late 

apoptosis cells by 46.8%, and a decrease in the percentage of 

live cells by 34.7%in compared to the untreated RPMI8226 

myeloma cells group by 5.6%, 2.7% and 87.5% of live cells (P 

<0.05) (Figure 3.a&b, Figure 4.a). The percentage of early 

apoptosis cells was reduced by 19%, late apoptosis cells was 

reduced by 13%, and the percentage of live cells was reduced 

by 66.9% in the group of siRNA-treated U266 myeloma cells 

compared to the group of U266 untreated myeloma cells which 

was reduced by 2.3%, 6.8% and 89.2% (P <0.05) (Figure 

3.e&f, Figure 4.c). 

 

     The apoptosis of the RPMI8226 and U266 myeloma cells 

after 48 hours of treatment is presented in (Figure 3). In the 

group of RPMI8226 cells treated with siRNA, the percentage 

of early apoptosis cells was increased by 10.6%, late apoptosis 

cells was increased by 22.3% and the percentage of live cells 

was decreased by 65% compared to the untreated RPMI8226 

myeloma cells group which had values of 2.2%, 4.3% and 91% 

(P <0.05) (Figure 3.c&d, Figure 4.b). The percentage of early 

apoptosis cells was increased by 4.3% and late apoptosis cells 

was increased by 12.8%, the percentage of live cells was 

decreased by82.2% in the group of siRNA treated U266 

myeloma cells compared to the untreated U266 myeloma cells 

group which had values of 2.5%, 3.8% and 89.9% (P <0.05) 

(Figure 3.g&h, Figure 4.d). 
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Figure 3: Apoptosis analysis by flow cytometry.(a) untreated RPMI8226 myeloma cells group at 24 hours,(b) siRNA treated 

RPMI8226 myeloma cells group at 24 hours,(c) untreated RPMI8226 myeloma cells group at 48 hours,(d) siRNA treated RPMI8226 

myeloma cells group at 48 hours,(e) untreated U266 myeloma cells group at 24 hours,(f) siRNA treated U266 myeloma cells group at 

24 hours,(g) untreated U266 myeloma cells group at 48 hours,(h) siRNA treated U266 myeloma cells group at 48 hours. 

 

 
 

Figure 4: Apoptosis analysis by flow cytometry. (a) RPMI8226 myeloma cell groups at 24 hours (b) RPMI8226 myeloma cell groups 

at 48 hours (c) U266 myeloma cell groups at 24 hours (d) U266 myeloma cell groups at 48 hours. Data are shown as mean ± 

SD,*P<0.05. 

Effect of Suppression of OCT4on Cell Cycle Myeloma Cells  
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      The cell cycle condition 24 hours after treating the 

RPMI8266 and U266 myeloma cells with siRNAis presented in 

(Fig5). The phase G1 cell population in the RPMI8266 

myeloma cells treated with siRNA group experienced 41.77% 

significantly, compared to the untreated RPMI8266 myeloma 

cells group with 50.49% decrease(P<0.05). Phase S cell 

population in the RPMI8266 myeloma cells treated with siRNA 

group and untreated RPMI8266 myeloma cells group, 

respectively had values of 35.14% and 35.36%, which were 

almost constant (P>0.05), and the cell population of the G2/M 

phase in the RPMI8266 myeloma cells treated with siRNA 

group did not show any significant increase of 18.27% 

compared to the untreated RPMI8266 myeloma cells group 

with a value of 15.25% (Figure 5.a&b, Figure 6.a). 

 

      The cell population of phases G1 and G2/M in the siRNA 

treated U266 myeloma cells group, with 56.46% and 16.6%, 

respectively, did not show any significant decrease compared 

to the untreated U266 myeloma cells group with 46.66% and 

15.82%(P>0.05). Phase S cell population did not show any 

significant increase in siRNA treated U266 myeloma cells 

group with 36.34% compared to untreated U266 myeloma cells 

group with 40.3%(P>0.05) (Figure 5.e&f, Figure 6.c). 

 

a 

 

b 

 

c 

 

d 

 

e 

 

f 

 

g 

 

h 

 

Figure 5: Cell cycle analysis by flow cytometry.(a) untreated RPMI8226 myeloma cells group at 24 hours,(b) siRNA 

treated RPMI8226 myeloma cells group at 24 hours,(c) untreated RPMI8226 myeloma cells group at 48 hours,(d) siRNA 

treated RPMI8226 myeloma cells group at 48 hours,(e) untreated U266 myeloma cells group at 24 hours,(f) siRNA treated 

U266 myeloma cells group at 24 hours,(g) untreated U266 myeloma cells group at 48 hours,(h) siRNA treated U266 

myeloma cells group at 48 hours. 

 

      The cell cycle state 48 hours after treating the RPMI8266 

and U266 myeloma cells with siRNAis presented in (Figure 5). 

Phase S cell population in the RPMI8266 myeloma cells treated 

with siRNA group with a value of 33.54% was increased 

significantly compared to the untreated RPMI8266 myeloma 

cells group with a value of 26.44%(P<0.05). The cell 

population of the G1 phase in the RPMI8266 myeloma cells 

treated with siRNA group did not show a significant increase of 

54.01% compared to the untreated RPMI8266 myeloma cells 

group with a value of 53.42%(P>0.05), and the cell population 

of the G2/M phase in the RPMI8266 myeloma cells treated with 

siRNA group did not show a significant decreased of 18.22% 

compared to the untreated RPMI8266 myeloma cells group 

with a value of 22.71%(P>0.05) (Figure 5.c&d, Figure 6.b). 

 

      The cell population of phases S and G2/M in the siRNA 

treated U266 myeloma cells group, with 37.58% and 17.48%, 

respectively, did not show any significant decrease compared 

to the untreated U266 myeloma cells group with 36.71% and 

15.33%(P>0.05). Phase G1 cell population did not show any 

significant decreased in siRNA treated U266 myeloma cells 

group with 47.19% compared to untreated U266 myeloma cells 

group with 49.88%(P>0.05) (Figure 5.g&h, Figure 6.d). 
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Figure 6: Cell cycle analysis by flow cytometry. (a) RPMI8226 myeloma cell groups at 24 hours, (b) RPMI8226 myeloma cell groups 

at 48 hours (c) U266 myeloma cell groups at 24 hours (d) U266 myeloma cell groups at 48 hours. Data are shown as mean ± 

SD,*P<0.05. 

 

Discussion 
 

      OCT4 gene is expressed naturally in embryonic stem cells, 

and the expression of this gene in some cancers and its relation 

with cancer recurrence, drug resistance, and poor prognosis of 

cancer have been observed. The expression of the OCT4 gene 

and its effects on multiple myeloma and myeloma cells 

proliferation and apoptosis has not been studied before. In this 

study, for the first time, we examined the expression of the 

OCT4 gene and its effect on proliferation, cell cycle, and 

apoptosis of the myeloma cells. Quantitative real-time PCR 

showed the expression of OCT4 gene in the RPMI8226 and 

U266 myeloma cells, and the use of OCT4 siRNA on these cells 

significantly reduced the expression of the OCT4 gene.  

 

      To examine whether OCT4 participated in the myeloma 

cells proliferation, apoptosis and cell cycle, an OCT4 siRNA 

was transfected into RPMI8226 and U266 cells. Our study 

showed OCT4 down expression decreased myeloma cells 

proliferation. Our results showed that at OCT4 siRNA 

transfected myeloma cells increased apoptosis and altered cell 

cycle properties by an OCT4 gene silencing. The inhibition of 

OCT4 expression in the myeloma cells caused increased 

apoptotic cells and decreased living cells, suggesting that one 

of the reasons for the decrease in the proliferation rate of the 

cells is increase in the apoptosis in these cells.The down 

regulation of the OCT4 gene causes an increase in apoptosis in 

the cancer cells and thus reduces their invasive power, 

indicating the role of OCT4 as an invasive factor in cancer cells 

[18]. Knockdown of the OCT4 gene in breast cancer cells 

effectively reduced the extent and aggressive power of these 

cells [19]. OCT4 from the OCT4/Tcl1/Akt signaling pathway 

plays a role in proliferation and inhibition of apoptosis of 

embryonic stem cell [20]. In the multiple myeloma, the 

PI3k/Akt signaling pathway is activated by IL-6 and protects 

the myeloma cells from apoptosis and increased proliferation of 

these cells [21]. Inhibition of expression OCT4 reduces 

expression Tcl1 and increases apoptosis and decreases cell 

proliferation [22]. Increasing the expression of Survivin in 

cancer cells also inhibits apoptosis and increases the 

proliferation of cells and plays a very important role in the 

progress of cancer [23]. Increased expression of Survivin in 

multiple myeloma has also been observed [24]. Studies have 

also shown that over expression of c-MYC through P53 results 

inhibition of proliferation and increased apoptosis [25]. OCT4 

plays an important role in c-MYC expression [26]. 

 

      Our findings also showed that changes in the cell cycle in 

the U266 cells line were not significant, but there were 

significant changes in the RPMI8226 cells in the G1 phase and 

S phase. It seems that reducing the expression of the CCND 

gene causes the cells to stop in the G1 phase. Increasing the 

expression of CCND causes cells to enter the S phase faster than 

the G1 phase and increase the cell division [27]. Inhibition of 

the OCT4 expression reduces the CCND expression, and cause 

leaving the cells in the G1 phase [28]. Inhibiting the expression 
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of the OCT4 gene prolongs the cell division time and also 

reduces the proliferation of cancer cells [29]. The inhibition of 

the expression of the OCT4 gene causes the cell cycle to stop, 

thereby reducing the proliferative capacity and creating a 

colony in the acute myeloid cell line [30]. 

 

       Decreased OC4 expression in colorectal metastatic cancer 

patients who responded well to treatment was observed, of 

which OCT4 could be used to predict response to treatment in 

this malignancy [31]. OCT4 is considered as a diagnostic 

marker with a higher sensitivity to CD30 in detecting the 

metastatic embryogenesis of carcinoma after chemotherapy 

[32]. OCT4 has a higher expression in the Lucena cell line, 

which is the MDR form of the K562 cell line, so that these cells 

are resistant to chemotherapy and have more aggressive power 

[33]. In erythroleukemic cells, there is also a significant 

relationship between OCT4 expression and MDR [34].  

 

Conclusion 
 

      Our results showed that the increase in the proliferation of 

the myeloma cells is due to the decrease in apoptosis and 

changes in the cellular cycle of these cells, so further studies on 

the oct4 gene in the myeloma cells can create new pathways in 

the diagnosis and treatment of patients with multiple myeloma. 
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