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Abstract: Many reports have documented the role of INS (insulin) as growth factors in a variety of 

cancers. Epidemiological studies revealed that INS therapy causes increased mortality in multiple 

myeloma (MM) patients with pre-existing or steroid-induced type 2 diabetes. However, there is limited 

experimental evidence of this association. In the present study, the dual effect of INS on the viability of 

myeloma RPMI8226 and lymphoblastoid IM9 cells was revealed. In serum-containing medium 

exogenous INS serves as a growth factor, whereas INS decreases the number of cells under serum-free 

medium. In the last case, the main mechanism of decreasing the cell population is apoptosis through 

up-regulation of Cas-3 and downregulation of Bcl-2 expression. INS has also been shown to be involved 

in the regulation of necrotic cell death. 
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1. Introduction 

Epidemiological studies have shown that chronic insulin resistance is a potential risk 

factor for endometrial cancer [1], breast cancer [2], colorectal cancer [3], and several other 

malignancies [4–7]. In addition, there is also evidence that in patients with type 2 diabetes 

(T2DM), hypoglycemic therapy using INS and sulfonylureas, as well as INS analogs, increases 

the risk of malignancy [8,9]. At the present time, the reasons for the relationship between INS 

resistance and increased risk of malignancy have not been established. Earlier it has been 

shown that the expression of INS receptors is not limited to classical insulin target tissues, such 

as the liver, adipose tissue, skeletal muscle, and brain; they are also detected in the heart, lungs, 

pancreas, kidneys, and other tissues [4–6]. In this regard, it is assumed that in the case of obesity 

or T2DM, some of these tissues may remain sensitive to insulin. Besides this, in conditions of 

chronic hyperinsulinemia, INS-dependent signals are constitutively stimulated in them, leading 

to various pathologies, including malignant cell transformation, and the worst-case scenario 

develops when cancer cells in a T2DM patient overexpress the INS receptor and show a 

pronounced sensitivity to INS [4–6].  
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Multiple myeloma (MM) is a clonal B-cell malignancy in which monoclonal plasma 

cells proliferate in bone marrow, resulting in an overabundance of monoclonal paraprotein (M 

protein), anemia, hypercalcemia, renal insufficiency, osteolytic bone lesions, and decreased 

immune function.  MM is the second-most common hematologic malignancy. Although the 

drug store has grown significantly in the last few years, there are no definitive curative actions 

for MM, so it is particularly important to develop new chemotherapeutic agents with new 

mechanisms of action [10-14]. Among these works, there is also our research recently 

published in this journal [15]. The involvement of paraproteins produced by malignant plasma 

cells in the development of hyperlipidemia and low-HDL cholesterol has been described, as 

has an association with MM and obesity, and T2DM, and INS resistance, that is, features of 

the metabolic syndrome (MS) [16]. A retrospective case review of 82 patients at various stages 

of their MM disease pathway reported that 58.5% of patients had one or more features 

consistent with MS, including some with T2DM [17]. And what is significant, diabetes is 

associated with a higher risk of hematological malignancies, including multiple myeloma [18]. 

There is epidemiological evidence that insulin therapy causes increased mortality in 

MM patients with pre-existing or steroid-induced T2DM. It was shown that the median overall 

survival of MM patients with diabetes was 65.4 months compared to 98.7 months among MM 

patients without diabetes [19]. At least one fundamental study established that INS is a potent 

growth factor for myeloma cells [20]. Also was shown that functional insulin receptors are 

preferentially expressed in multiple myeloma cell lines compared to B-lymphoblastoid cell 

lines [21]. Earlier, we have shown that INS affects the survival of human MM cells [22]. Our 

current work established that INS has a dual impact on MM cells: INS is really a growth factor 

for MM cells, but on the other hand, it is an inducer of cell death.  

2. Materials and Methods 

2.1. Materials.  

We used the growth medium RPMI1640 (25 mM HEPES, sodium pyruvate, OOO NPP 

PanEco, Catalog #C350p, Russia), Fetal Bovine Serum (FBS, Biosera, Catalog # FB-1001/500, 

South America Origin), L-glutamine (OOO NPP PanEco, Catalog # FO32, Russia), 

Gentamicin (10 mg/ml, OOO NPP PanEco, Catalog # А011, Russia). Plastic dishes (culture 

flasks 25 cm2, disposable pipettes) and 24-wells plates for growing the cell culture were 

purchased from Corning-Costar, (USA). Human INS was purchased from Sigma-Aldrich 

(Catalog # 19278-5ML, USA). 

2.2. Cell lines. 

Two completely different types of cell lines were used: established human myeloma 

cell line (HMCL) RPMI8226 (CD138+, CD38+, CD45-, CD56±, CD19-), which express the 

differentiation markers indicated in parentheses on their surface, and lymphoblastoid cell line 

(LCL) IM9 (CD138+, CD38-, CD45+, CD56-, CD19+), which result from the immortalization 

of nonmalignant B cells by Epstein-Barr virus (EBV) [23, 24]. Cells cultured in growth 

medium RPMI with 10% FBS at 370, 5% CO2, and 95% humidity. The cells were grown to 

90% density in culture flasks. 
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2.3. Colorimetric MTT assay.  

The compound MTT was adopted to assess cell proliferation. Briefly, RPMI8226 and 

IM9 cells were seeded into 96-well plates at a density of 20x103 cells per well in triplicate in 

150 μl of serum-free medium without INS (control) or with INS at a concentration of  0.1 U/ml. 

These conditions were repeated for containing a growth medium. After incubation for 72 h, 20 

μl 5 mg/ml MTT was added to each well, and the cells were incubated at 37˚C for another 4 h. 

Subsequently, the media was discarded, followed by the addition of 150 μl DMSO per well to 

dissolve the purple precipitate. The absorbance (A) was measured at 570 nm using a microplate 

reader. The cell growth (%) was calculated according to the following equation: % viable cells 

= (Asample - Ablank) / (Acontrol - Ablank) x 100%, where Acontrol is the absorbance of the untreated 

cells, Asample is the absorbance of the cells exposed to INS and Ablank is the absorbance of the 

media. 

2.4. Study of apoptosis by flow cytometry. 

Cells were seeded in a 24-wells plate of 3 x 105 cells per well in 1 ml of serum-free 

growth medium without INS (control) or, in serum-free medium, but containing human INS 

(Sigma, Catalog # 19278-5ML) at a concentration of: 0.0 (control); 10-4 , 10-3, 10-2, 10-1, 1.0, 

or  3.0  U/ml . These conditions were repeated for a serum-containing growth medium. The 

cells were incubated for 72 h in an atmosphere with 5% CO2. After 72 h the measurement was 

performed on a flow cytometer. Apoptosis was studied using the Annexin V-FITC Kit (Sigma, 

USA). The measurement procedure was performed according to the next protocol. Briefly, 

cells were deposited by centrifugation at 300 x g for 5-10 min at room temperature. The cell 

precipitate was resuspended in 500 µl of cold (40C) 1X PBS buffer and again precipitated by 

centrifugation. The cell precipitate was gently resuspended in an Annexin V incubation reagent 

(10 µl of 10X binding buffer, 10 µl of propidium iodide, 1 µl of Annexin V-FITC and 79 µl of 

distilled H2O) prepared at the rate of 100 µl per 105 -106 cells. Resuspended cells were 

incubated in darkness for 15 min at room temperature. Then 400 µl of binding buffer was added 

and measured using a flow cytometer (BD FACSCantoTM II Flow Cytometer). 

2.5. RNA extraction, reverse transcription and qRT-PCR. 

After 72 h of the cells exposed to INS, total RNA was extracted by a single-step 

technique using TRI Reagent (Sigma, USA) according to the manufacturer's protocol. For 

cDNA synthesis, 2 μg of total RNA was reverse-transcribed using oligo dT18 primers and 

MMLV RT enzyme. Quantitative polymerase chain reaction (qRT-PCR) was performed on a 

CFX 96 Touch Real-Time PCR (Bio-Rad, USA), using SYBR Green reporter fluorescent dye 

according to the manufacturer's protocol. The cycling conditions were as follows: 95°C for 5 

minutes and 40 cycles of 95°C for 15 seconds followed by 60°C for 25 seconds and 72°C for 

25 seconds. All values were normalized to actin expression. Primer sequences were as follows: 

Cas-3 5’-ACATGGCGTGTCATAAAATACC - 3’ (forward), and 5’- 

CACAAAGCGACTGGA TGAAC - 3’ (reverse); Bcl-2 5’ - TTGGCCCCCGTTGCTT - 3’ 

(forward) and 5’- CGGTTATCGTACCCTGTTCTC -3’ (reverse); Actin 5’- 

AGCCATGTACGTTGCTATCCA - 3’ (forward) and 5’- ACCGGAGTCCATCACGATG  -  

3’(reverse). Under these conditions, no amplification was observed in the non-template or no 

RT controls. The specificity of the amplification product was determined by melting curve 
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analysis for each primer pairs. The data were analyzed by the comparative CT method and the 

fold change was calculated by the 2−ΔΔCT method. 

2.6. Statistical analysis. 

Statistical analysis of the obtained data was performed using the computer program 

GraphPad Prizm 5.02 (GraphPad Software Inc., USA). Statistical differences for flow 

cytometer analyses were determined using one–way ANOVA followed by Tukey's Multiple 

Comparison Test between experimental groups. Statistical differences for qRT-PCR and 

colorimetric MTT analyses were determined using Student t-test for two-group comparisons. 

All cell experiments were performed in three or more independent repeats. Data are expressed 

as means ± standard error of the mean (SEM). P values < 0.05 were used to represent 

significance. 

3. Results and Discussion 

3.1. Effects of INS on the proliferation of RPMI8226 and IM9 cells. 

MTT assay demonstrated that the INS enhances FBS induced proliferation of 

RPMI8226 and IM9 cells (Figure 1A and Figure 1B), and intensifies the growth suppression 

effect in the medium without FBS (Figure 1C and Figure 1D).  

The concentration of INS required for stimulating cell growth in vitro in almost all cases 

is extraordinarily high compared with physiological concentration [25 - 31].  

 
Figure 1. Effects of INS on the proliferation of RPMI8226 and IM9 cells. 

https://doi.org/10.33263/BRIAC123.27152728
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC123.27152728  

 https://biointerfaceresearch.com/ 2719 

In this experiment, we used INS in concentration 10-1U/ml, which is corresponded to 

the concentration range recommended by the product specification sheet for cell culture 

applications (INS, Sigma-Aldrich, Catalog # 19278-5ML, USA). To verify whether serum is 

important for INS-dependent cell growth, we administered to growth medium various serum 

concentrations (0%, 0.1%, 1%, and 10%) for 72 h. The results demonstrated that indeed INS 

downregulates cell growth at the full absence of FBS, and positively cooperates with FBS by 

reaching maximum growth effect at the 10% of FBS (Figure 2A and Figure 2B). Notably, the 

INS-dependent cell growth effect became significant when the cells were grown at 10% of 

FBS. Thus we can conclude that in serum-containing medium INS really serves as a growth 

factor, but without serum, it may block cell growth or induce cell death.  

(1A, 1B) - INS enhances FBS-induced proliferation of RPMI8226 and IM9 cells. (1C, 

1D) - INS intensifies the growth suppression effect in the absence of FBS. MTT assay, the cells 

were treated with INS  in concentration 10-1U/ml for 72 h. Data are presented as the mean ± 

standard deviation (n=3). *P<0.05 vs. control group; INS (insulin); FBS (fetal bovine serum).  

 
Figure 2. INS enhances FBS-induced proliferation of RPMI8226 and IM9 cells.  

INS positively cooperates with FBS by reaching maximum cell growth effect at 10% 

of FBS. MTT assay, the RPMI8226 (2A) and IM9 (2B) cells were growth in concentrations of 

serum (0%, 0.1%, 1% and 10%) in the presence or absence of  INS  in concentration 10-1U/ml 

for 72 h. Data are presented as the mean ± standard deviation (n=3). *P<0.05 vs. control group; 

INS (insulin); FBS (fetal bovine serum). 

3.2. INS intensifies apoptosis induced by serum starvation. 

To determine the mechanism by which INS heightens cell death in a medium without 

serum, we investigated the possible impact of INS on apoptosis. For this purpose, RPMI8226 

and IM9 cells were seeded in a 24-wells plate of 3 x 105 cells per well in 1 ml of serum-free 

growth medium containing human INS at a concentration of: 0.0 (control); 10-4, 10-3, 10-2, 10-

1, 1.0, or 3.0 U/ml. These conditions were repeated for a 10% serum-containing growth 

medium. The measurement of apoptosis was performed on a flow cytometer using the Annexin 

V-FITC. As presented in Figure 3A and Figure 3C INS intensifies apoptosis induced by serum 

starvation as for RPMI8226 and for IM9 cells, and the apoptotic extent are increased by dose 

depending manner. The indicated concentrations of INS in the culture medium with 10% FBS 

https://doi.org/10.33263/BRIAC123.27152728
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC123.27152728  

 https://biointerfaceresearch.com/ 2720 

do not induce any apoptosis of either RPMI8226 cells or IM9 cells, even at a concentration of 

INS 3.0 U/ml (Figure 3B and Figure 3D). Our experiments were also performed at 48 h, and 

the results were similar but not as pronounced as at 72 h. Thus our data allow approving that 

INS can hike cell apoptosis induced by serum starvation. 

 
Figure 3. INS intensifies apoptosis induced by serum starvation. Flow cytometry analysis, RPMI8226 (4A, 4B) 

and IM9 (4C, 4D) cells were seeded in a 24-wells plate of 3 x 105 cells per well in GM with or without 10% 

FBS, at presence various concentrations of INS: 0.0(control); 10-4, 10-3, 10-2, 10-1, 1.0, or  3.0  U/ml for 72h. 

Data are presented as the mean ± standard deviation (n=3). *P<0.05 vs. control group; INS (insulin); FBS (fetal 

bovine serum); GM (growth medium). 

3.4. INS intensifies a diminishing of cell number induced by serum starvation. 

Flow cytometry allowed at the same time to estimate the number of living cells. As 

presented in Figure 4A and Figure 4C INS intensifies a diminishing of living cell number 

induced by serum starvation and acts by dose depending manner. This data proves our data 

obtained by MTT assay and shows that INS indeed downregulates cell proliferation without 

FBS. Also, it allows observation that decreasing of living cell number strictly correspond to 

rise of INS depending on apoptosis. The indicated concentrations of INS in the presence of 

10% FBS do not affect the change in the number of RPMI8226 or IM9 cells (Figure 4B and 

Figure 4D). 

https://doi.org/10.33263/BRIAC123.27152728
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC123.27152728  

 https://biointerfaceresearch.com/ 2721 

 
Figure 4. INS intensifies a decrease of living cell number induced by serum starvation. Flow cytometry analysis 

(4A, 4C).The decreasing living cell number strictly corresponds to the rise of INS depending on apoptosis (4B, 

4D). Indicated concentrations of INS in the presence of 10% FBS do not downregulate a number of either RPMI 

8226 cells or IM9 cells even at 3,0 U/ml of INS. Data are presented as the mean ± standard deviation (n=3). 

*P<0.05 vs. control group; INS (insulin); FBS (fetal bovine serum).  

3.4. Necrosis in response to treatment with INS. 

We investigated the role of INS in regulating the necrosis of RPMI8226 and IM9 cells. 

The measurement of necrosis was performed on flow cytometry. As presented in Figure 5A 

and Figure 5C in the serum-free medium INS does not impact the necrosis for RPMI8226 cells. 

It intensifies the necrosis of IM9 cells induced by serum starvation. INS acts by dose depending 

manner and can hike necrosis depending on the context of the cells. In this case, RPMI8226 

and IM9 cells differ in differentiation markers and origin: RPMI8226 are myeloma cells, and 

IM9 are lymphoblastoid cells, which are more sensitive to serum. The indicated concentrations 

of INS in the culture medium with 10% FBS do not cause necrosis of either RPMI8226 cells 

or IM9 cells (Figure 5B and Figure 5D). 
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Figure 5. INS hikes necrosis induced by serum starvation depending on the context of the cells. Flow cytometry 

analysis: INS does not impact the necrosis for RPMI8226 cells (5A) and intensifies the necrosis of IM9 cell 

(5C) induced by serum starvation. Indicated concentrations of INS in the presence of 10% FBS do not affect the 

number of either RPMI 8226 cells or IM9 cells. Data are presented as the mean ± standard deviation (n=3). 

*P<0.05 vs. control group; INS (insulin); FBS (fetal bovine serum). 

3.5. Effects of INS on the Cas-3 and Bcl-2 mRNA expression levels. 

Cas-3 and Bcl-2 genes play an important role in regulating cell survival and cellular 

apoptosis. The RPMI8226 and IM9 cells were seeded in a 12-wells plate of 6 x 105 cells per 

well in 2 ml of serum-free growth medium containing human INS at a concentration of: 0.0 

(control) and 10-1U/ml for 72h. These conditions were repeated for a 10% serum-containing 

growth medium. Then mRNA expression level in response to treatment with INS was measured 

by RT qPCR. The used concentration of INS has corresponded to the concentration range 

recommended by the product specification sheet for cell culture applications (INS, Sigma-

Aldrich, Catalog # 19278-5ML, USA). The results indicated that in serum-free medium, INS 

up-regulated the pro-apoptotic Cas-3 gene mRNA levels in both RPMI8226 cells (Figure 6A) 

and IM9 cells (Figure 6B). And the same time INS down-regulated anti-apoptotic Bcl-2 gene 

mRNA expression levels in both RPMI8226 cells (Figure 6C) and IM9 cells (Figure 6D). In 

the presence of 10%, FBS INS treatment did not affect amounts of Cas-3 and Bcl-2 mRNA 
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(data not shown). Thus we can conclude that apoptosis in RPMI8226 and IM9 cells in response 

to treatment with INS can regulate by Cas-3 and Bcl-2 genes. 

 

Figure 6.  Cas-3 and Bcl-2 mRNA expression level in response to treatment with INS. In serum-free medium 

INS up-regulated Cas-3 mRNA expression levels in both RPMI8226 (6A) and IM9 (6B) cells; and same time 

INS down-regulated Bcl-2 mRNA expression levels in both RPMI8226 cells (6C) and IM9 cells (6D). The 

mRNA level was measured by RT-qPCR. The cells were treated with INS  in concentration 10-1U/ml for 72 h. 

Data are presented as the mean ± standard deviation (n=3). *P<0.05 vs. control group; INS (insulin); FBS (fetal 

bovine serum); RT-qPCR, (quantitative polymerase chain reaction). 

In the current study, the dual effect of INS on the viability of myeloma RPMI8226 and 

lymphoblastoid IM9 cells were revealed. In a serum-containing medium, INS really serves as 

a potent growth factor, whereas serum-free medium INS at the same concentrations down-

regulated the growth of cells and intensifies apoptosis induced by serum starvation. The first 

observation of the growth-stimulatory effect of insulin in tissue culture was made by Gey and 

Thalhimer in 1924 [31]. Subsequently, insulin has been shown to stimulate the growth and 

proliferation of a variety of cells in culture; and some, but not all, of the effects of insulin on 

growth, require superphysiological concentrations of insulin [25-31]. There are a number of 

possible explanations for this observation [25].  

INS is one of the key growth factors for many types of neoplastic cells [32-40], and it 

is a potent growth factor for myeloma cells [20]. Our data fully confirm these dates and show 

that INS enhances serum-induced proliferation of RPMI8226 and IM9 cells (Figure 2A and 

Figure 2B). According to earlier data, insulin receptors are preferentially expressed in multiple 

myeloma cell lines [21]. We conclude that activation of INS depending signaling is a poor 

prognostic factor for patients with MM. Thus our data may explain the epidemiological 
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evidence revealed by Wu et al. that INS therapy causes increased mortality in MM patients 

who had pre-existing or steroid-induced T2DM [19]. 

It is a well-known fact that INS can induce cell apoptosis. For example, chronic INS 

resistance is associated with a compensatory increase in beta-cell mass and increased INS 

secretion. Over time, under conditions of a constant high concentration of INS, beta-cells fail, 

are destroyed, and diabetes begins. The main mechanism of beta-cell death is INS-induced 

apoptosis [41]. Moreover, prolonged exposure to insulin inactivates Akt and Erk1/2 and 

increases apoptosis of pancreatic islets and INS1E b cells [42]. Furthermore, it has been 

established that INS dose-dependent activated proliferation and induced apoptosis of C2C12 

cells through regulation of cyclin D1 and BAD expression [43]. Insulin, in combination with 

cisplatin, induces the apoptosis of ovarian cancer cells [44]. In addition, it has also been shown 

that exposure to INS for 72 hours on primary rat embryonic adipocytes maintained in culture 

induces apoptosis [45]. Prolonged insulin treatment sensitizes apoptosis pathways in pancreatic 

β cells [46]. Thus, these studies suggest that the long-term effect of INS on cells reflects the 

state of hyperinsulinemia in type 2 diabetes that causes cell apoptosis.  

Our data demonstrated that INS intensifies apoptosis induced by serum starvation as 

for RPMI8226 and for IM9 cells, and the apoptotic extent is increased by INS dose depending 

manner. Apoptosis is accompanied by up-regulation of Cas-3 mRNA expression levels and 

down-regulation of Bcl-2 mRNA expression levels. There were demonstrated earlier that the 

caspase-3, Bcl-2, and his family members contribute significantly to the regulate apoptosis of 

human MM cells [47-52]. 

Our data demonstrated that INS enhances a diminishing of living cell number, which 

strictly corresponds to the rise of apoptosis. As well, INS effect on necrosis of cells depends 

on the context of the cells. 

At that time, we demonstrate that INS in the presence of serum does not cause 

apoptosis, not of either RPMI8226 or IM9 cells, does not affect the change in their number, 

and does not cause necrotic death. One reason is that INS can manifest its functions in 

interaction with growth factors and cytokines contained in the serum. For example, it was 

shown that the proliferation of poultry intestinal crest cells requires the cooperation of insulin 

and glia-derived neurotrophic factor (GDNF) [53]. In addition, INS and GDNF alone can 

initiate DNA synthesis in these cells, but their combined combination is necessary for the long-

term maintenance of proliferation. Another study showed that the proliferation of imaginal disk 

cells requires the cooperation of INS with the imaginal disk growth factor (IDGF) [54]. Besides 

this, it has also been shown that INS cooperates with IL-1 in rat hepatoma cells [55]. It was 

found that adipose tissue macrophages produce interleukin-10 (IL-10) upon feeding, which 

cooperates with INS, and their combination suppresses hepatic glucose production in [56].  

The part of our experiments was carried out in a media without serum (without growth 

factors). Under such an environment, both myeloma and lymphoblastoid cells are weakened, 

and to some extent, they are similar to "weakened" (due to metabolic disorders) normal cells 

of patients with T2DM-associated chronic hyperglycemia, which are, possible, poorly respond 

to growth - and survival factors and insulin therapy of MM patients with T2DM are exposed 

them to apoptosis. It seems to be this is one of the reasons that insulin therapy causes increased 

mortality in MM patients who had pre-existing or steroid-induced T2DM [19]. Indeed it was 

revealed that prolonged high-glucose exposure leads to the blockage or change of the different 

cell signaling [57-61].  
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4. Conclusions 

In summary, the results reported here allow us to conclude that activation of INS 

depending signaling is a poor prognostic factor for MM patients with T2DM. On the one hand, 

INS is a pronounced growth factor for myeloma cells, and on the other hand, it is possible that 

INS in some cases can negatively affect normal cells with significantly altered cellular 

signaling systems in patients with T2DM-associated chronic hyperglycemia. 
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