








	BIOCELL
DOI:10.32604/biocell.2023.025048
	[image: images]



	Article
	




MiR-194-5p suppresses the warburg effect in ovarian cancer cells through the IGF1R/PI3K/AKT axis
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Abstract: Background: The Warburg effect is considered as a hallmark of various types of cancers, while the regulatory mechanism is poorly understood. Our previous study demonstrated that miR-194-5p directly targets and regulates insulin-like growth factor1 receptor (IGF1R). In this study, we aimed to investigate the role of miR-194-5p in the regulation of the Warburg effect in ovarian cancer cells. Methods: The stable ovarian cell lines with miR-194-5p overexpression or silencing IGF1R expression were established by lentivirus infection. ATP generation, glucose uptake, lactate production and extracellular acidification rate (ECAR) assay were used to analyze the effects of aerobic glycolysis in ovarian cancer cells. Gene expression was analyzed by quantitative polymerase chain reaction (qPCR) and western blot. Immunohistochemistry assays were performed to assess the expression of the IGF1R protein in ovarian cancer tissues. Results: Overexpression of miR-194-5p or silencing IGF1R expression in ovarian cancer cells decreases ATP generation, glucose uptake, lactate production, and ECAR and inhibits both the mRNA and protein expression of PKM2, LDHA, GLUT1, and GLUT3. While the knockdown of miR-194-5p expression led to opposite results. Overexpression of miR-194-5p or silencing IGF1R expression suppressed the phosphatidylinositol-3-kinase/protein kinase B (PI3K/AKT) pathway, whose activation can sustain aerobic glycolysis in cancer cells, and the knockdown of miR-194-5p expression promoted the activation of the PI3K/AKT pathway. Conclusion: Our results suggest that miR-194-5p can inhibit the Warburg effect by negative regulation of IGF1R and further repression of the PI3K/AKT pathway, which provides a theoretical basis for further test of miR-194-5p as a target in the treatment of ovarian cancer.
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Introduction

Ovarian cancer is a highly malignant tumor and is the number one killer among cancers of the female reproductive system that seriously threatens the health of women (Amin et al., 2019; Cabasag et al., 2020). Tumor reduction surgery combined with chemotherapy is widely applied in the treatment of ovarian cancer, while the five-year relative survival is less than 50% due to recurrence and drug resistance (Amin et al., 2019; Torre et al., 2018; Coburn et al., 2017; Tsibulak et al., 2019). Therefore, the development of new methods in the prognosis and treatment of ovarian cancer is of great importance.

Tumor cells rely on abnormal energy metabolism to promote rapid cell growth, invasion, and metastasis. Aerobic glycolysis is the common energy metabolic feature of cancer cells, and cancer cells provide energy by enhancing anaerobic fermentation (Hanahan and Weinberg, 2011). Tumor cells consume large amounts of glucose, and the glucose transporter (GLUT) transports glucose into tumor cells for glycolysis. After glucose is metabolized to pyruvate, aerobic oxidation occurs through lactate dehydrogenase (LDH), and pyruvate is catalyzed into lactic acid instead of the mitochondrial tricarboxylic acid cycle (Park et al., 2020; Vazquez et al., 2016), which was first observed by Warburg and named as the Warburg effect.

MicroRNAs (miRNAs) are endogenous short RNA of 20 to 24 nucleotides long that are widely expressed in eukaryotes and can induce the degradation of target mRNA or inhibit its translation by complementary pairing with target mRNA (Saliminejad et al., 2019; Vishnoi and Rani, 2017; He and Hannon, 2004). Accumulating evidence suggested that miRNAs are extensively involved in the regulation of ovarian cancer progression and development (Ghafouri-Farda et al., 2020). However, the regulatory mechanism of miRNA and the Warburg effect in ovarian cancer remains to be investigated.

In our study, we discovered that miR-194-5p affects the aerobic glycolysis of ovarian cancer cells, by which miR-194-5p suppresses aerobic glycolysis via the IGF1R/PI3K/AKT axis. Our finding would provide a rationale for screening the new molecular target of ovarian cancer.

Materials and Methods

Cell cultures

Two human ovarian cancer cell lines, ES-2 and SKOV3, were cultured as previously described (Bai et al., 2020).

Lentivirus infection and establishment of stable cell lines

ES-2 and SKOV3 cells were seeded in a six-well plate overnight and infected with lentiviruses expressing LV-miR-194-5p or LV-miR-194-5p-NC, LV-miR-194-5p-inhibition or LV-miR-194-5p-inhibition-NC, LV-IGF1R-RNAi or LV-IGF1R-RNAi-NC (GeneChem, Shanghai, China). After 72 h of infection, the cells were selected with 2 μg/mL puromycin for two weeks to establish stable cell lines.

RNA isolation and reverse transcription-quantitative polymerase chain reaction (RT-qPCR)

Total RNA was extracted using RNA Easy Fast Tissue/Cell Kit (TianGen, Beijing, China), followed by reverse transcription into cDNA using PrimeScript™ RT reagent Kit (Takara, Dalian, China). TB Green® Premix Ex Taq™ II (Takara, Dalian, China) was used to run qPCR. The primer sequences (listed in Table 1) were designed and synthesized by Sangon Biotech (Shanghai, China). The expression of miRNA or mRNA was quantified by the 2–ΔΔCT method, using U6 as an internal reference gene for microRNA assays and β-actin as an internal reference gene for gene assays.
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Western blots

The cells were lysed and separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The protein was transferred to a polyvinylidene fluoride membrane and blocked using a blocking buffer. Then, the membranes were incubated with monoclonal primary antibodies respectively, including anti-insulin-like growth factor1 receptor (IGF1R; CST, USA), anti-phosphorylation of serine/threonine kinase (p-AKT; S473, CST, USA), anti-AKT (CST, USA) or β-actin (Bioss, Beijing, China). For the detection of the key genes or enzymes involved in glycolysis, we used polyclonal antibodies, including anti-pyruvate kinase M2 (anti-PKM2), anti-lactate dehydrogenase A (anti-LDHA), anti-glucose transporter 1 and 3 (anti-GLUT1, and GLUT3) (Proteintech, Wuhan, China). After washing, the membranes were incubated with horseradish peroxidase-conjugated secondary antibody (Bioss, Beijing, China) and developed using the enhanced chemiluminescence kit (NCM Biotech, Suzhou, China). The signals were captured by Amersham Imager 600 (USA). The intensity of reference gene β-actin served as the loading control.

Immunohistochemistry

The paraffin sections of ovarian cancer tissue were soaked in a series of xylene and graded alcohols and incubated in the boiling buffer containing ethylenediaminetetraacetic acid for antigen retrieval. To inhibit endogenous peroxidase, the sections were incubated in 3% H2O2 solution for 8 min and blocked with goat serum. Then the sections were incubated with a primary antibody against IGF1R (Bioss, Beijing, China), followed by incubation with a secondary antibody (Bioss, Beijing, China). After hematoxylin staining, tissue sections were soaked in an alcohol gradient, followed by soaking in xylene. The images were captured by a microscope, and the target signals were quantified by the Image-J software (USA).

Analysis of ATP generation

The concentration of ATP was examined using the Enhanced ATP Assay Kit (Beyotime, Shanghai, China). Each well of a twelve-well plate was seeded with 8 × 104 cells and lysed for 42 h. The 96-well plate was preincubated with 100 μL ATP assay buffer for 5 min, and 10 μL of supernatants were added for the determination of ATP concentration. The absorbance was read by a multifunctional microplate reader (PerkinElmer, USA) and calculated by substituting the assay values into the standard curve. The linear range of the assay was between 0.1 nM to 10 µM.

Glucose uptake analysis

Glucose uptake was detected by Glucose Uptake Colorimetric Assay Kit (Biovision, USA). The cells were cultured overnight in a growth medium without serum and 100 μL of Krebs-Ringer-Phosphate-Hepes buffer containing 2% bovine serum albumin for 40 min. The cells were treated with 0.1 mg/mL insulin to activate the glucose transporter and 10 mM 2-deoxy-D-glucose (2-DG) for 20 min separately. To degrade endogenous NAD(P) and denature enzymes, cells were lysed in 90 μL extraction buffer at 90°C for 40 min and cooled down on the ice for 5 min. Then, neutralization buffer (12 mL) was mixed with 38 μl of Mix B and added to each well, and the absorbance was measured at 412 nm at 37°C by the multifunctional microplate reader. The standard glucose uptake curve was plotted using the standard well absorbance value, and then the glucose uptake level was calculated.

Assessment of lactate production

The colorimetric lactate kit (Solarbio, Beijing, China) was used to measure lactate concentration. Cells (5 × 106 cells) were lysed in 1 mL of extraction buffer I through ultrasonic disruption and then centrifuged. Supernatants (700 μL) and extraction buffer II (150 μL) were mixed, followed by centrifugation at 10,000 g at 4°C for 10 min. Then, supernatants (10 μL) were mixed with assay buffer for 20 min at 37°C. The absorbance at 570 nm was read by a multifunctional microplate reader. The standard lactate solution curve was obtained by diluting 2.5, 1.25, 0.625, 0.3125, 0.15625, and 0.078 µmol/mL of the lactate standard into the 96-well plate. The linear range of the assay was between 0.05 mM to 20 mM.

Extracellular acidification rate (ECAR) assays

Seahorse XF Glycolysis Stress Test Kit (Agilent, USA) was used to examine ECAR. Then, in the XFe24 microplate, (2 × 104) cells were seeded. The cartridge sensor was hydrated overnight in a CO2-free incubator. Before detection with seahorse, the cells were treated with 2 mM glutamine for 1 h in a CO2-free incubator. Glucose (100 mM), oligomycin (100 µM), and 2-DG (500 mM) were added sequentially into each well and detected through Seahorse XFe24 Analyzer (Agilent, USA).

Statistical Analysis

Data from at least three independent experiments were expressed as the mean ± SD. The data were analyzed by SPSS 26.0 software with the two-tailed Student’s t-test; p < 0.05 was considered statistically significant.

Results

MiR-194-5p weakens the warburg effect in ovarian cancer cells

The tumor cells have a higher glucose uptake rate and produce more ATP and lactate than normal cells because of the Warburg effect. To detect the role of miR-194-5p in the Warburg effect in ovarian cancer cells, we established ovarian cancer cells with stable overexpression of miR-194-5p or its knockdown by lentivirus infection (Fig. 1A). Further measurements showed that miR-194-5p overexpression decreases ATP generation (Fig. 1B), glucose uptake (Fig. 1C), and lactate production (Fig. 1D), whereas knocked down of miR-194-5p expression exhibited the opposite effect. Consistently, examination of glycolytic metabolism showed that ECAR and maximum glycolytic capacity are significantly decreased in the cells with miR-194-5p overexpression, while downregulation of miR-194-5p expression increased ECAR and maximum glycolytic capacity (Figs. 1E and 1F). These data thus indicated that miR-194-5p suppresses the Warburg effect in ovarian cancer cells.
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Figure 1: miR-194-5p inhibits the Warburg effect in ovarian cancer cells. (A) qPCR to analyze miR-194-5p expression in stable ovarian cell lines with overexpression of miR-194-5p or knocked down miR-194-5p expression. U6 was used as the internal control. (B–F) Quantification of ATP (B), level of glucose uptake (C), lactate concentration (D), ECAR (E), and glycolytic capacity (F) in the ovarian cells with miR-194-5p overexpression or miR-194-5p expression knocked down. (*P < 0.05; **P < 0.01, ***P < 0.001). ECAR: extracellular acidification rate; qPCR: quantitative polymerase chain reaction.

MiR-194-5p suppresses the glycolytic gene expression in ovarian cancer cells

Many key enzymes or genes of glycolytic metabolism are altered by the Warburg effect. Therefore, we assessed the mRNA and protein expression of PKM2, LDHA, GLUT1, and GLUT3 in ovarian cancer cells when miR-194-5p was overexpressed or its expression was knocked down. PKM2 determines whether glucose is channeled into the lactate-producing pathway. LDHA is a step-controlling enzyme that controls the last step of glycolysis by mediating the interconversion of pyruvate and lactate. GLUT1 and GLUT3 are two important glucose transporters involved in glycolysis in tumor cells (Vaupel and Multhoff, 2021). We observed that miR-194-5p overexpression reduces the mRNA (Figs. 2A–2D) and protein (Fig. 2E) expression of PKM2, LDHA, GLUT1, and GLUT3, whereas knockdown of miR-194-5p expression gives the opposite results.
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Figure 2: miR-194-5p mediates the expression of key glycolytic genes in ovarian cancer cells. (A–D) The mRNA expression of PKM2(A), LDHA(B), GLUT1(C), and GLUT3 (D) in the ovarian cells with miR-194-5p overexpression or miR-194-5p expression knocked down was detected by qPCR. β-actin was used as the internal control. (E) The protein expression of PKM2, LDHA, GLUT1, and GLUT3 in the ovarian cells with miR-194-5p overexpression or miR-194-5p expression knocked down was examined by western blotting. (*P < 0.05; **P < 0.01, ***P < 0.001). PKM2: pyruvate kinase M2; LDHA: lactate dehydrogenase A; GLUT: glucose transporter.

Insulin-like growth factor1 receptor promotes the warburg effect in ovarian cancer cells

In our previous studies, we showed that IGF1R is the direct target of miR-194-5p (Bai et al., 2020). Immunohistochemical analysis revealed that compared with normal ovarian tissues, IGF1R expression increased in ovarian cancer tissues (Fig. 3A). To investigate the role of IGF1R in the Warburg effect, we knocked down IGF1R expression in ovarian cancer cells (Fig. 3B) and found a decrease in ATP generation (Fig. 3C), glucose uptake (Fig. 3D), lactate production (Fig. 3E) and ECAR level (Figs. 3F and 3G). In agreement with that, ovarian cancer cells with reduced IGF1R expression showed decreased expression of PKM2, LDHA, GLUT1, and GLUT3 mRNA and proteins (Figs. 3H and 3I). These results indicate that IGF1R promotes the Warburg effect in ovarian cancer cells.
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Figure 3: IGF1R enhances the Warburg effect in ovarian cancer cells. (A) IGF1R expression in ovarian cancer tissues detected by immunohistochemical analysis. (B) The protein expression of IGF1R was examined by western blotting in the ovarian cells with knocked-down IGF1R expression. (C–F) Quantification of ATP (C), level of glucose uptake (D), lactate concentration (E), ECAR (F), and glycolytic capacity (G) in the ovarian cells with inhibition of IGF1R expression. (H–I) The mRNA expression (H) and protein expression (I) of PKM2, LDHA, GLUT1, and GLUT3 in the ovarian cells with inhibition of IGF1R expression. (*P < 0.05; **P < 0.01, ***P < 0.001). IGF1R: insulin-like growth factor1 receptor; PKM2: pyruvate kinase M2; LDHA: lactate dehydrogenase A; GLUT: glucose transporter.

MiR-194-5p regulates the insulin-like growth factor1 receptor/phosphatidylinositol-3-kinase/protein kinase B (IGF1R/PI3K/AKT) pathway in ovarian cancer cells

IGF1R and its downstream PI3K-AKT pathway serve as important regulators in the energy metabolism in tumor cells (Amutha and Rajkumar, 2017). To clarify whether the function of miR-194-5p on the Warburg effect is related to the IGF1R/PI3K/AKT signaling pathway, we tested AKT activation when IGF1R expression was knocked-down in ovarian cancer cells. The level of p-AKT decreased in the cells with reduced expression of IGF1R (Fig. 4A). We further examined whether miR-194-5p contributes to the IGF1R/PI3K/AKT pathway and found that IGF1R expression and AKT activation decreased with miR-194-5p overexpression. In contrast, the knockdown of miR-194-5p expression increased the expression of these proteins (Fig. 4B). These results further suggest that miR-194-5p mediates the PI3K/AKT pathway by targeting IGF1R in ovarian cancer cells. Taken together, our result reveals that miR-194-5p suppresses the Warburg effect in ovarian cancer cells through the PI3K/AKT signaling pathway by targeting IGF1R (Fig. 4C).
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Figure 4: miR-194-5p suppresses the IGF1R/PI3K/AKT pathway. (A) The protein level of AKT and p-AKT were detected by western blotting in the ovarian cells with IGF1R expression knocked down. (B) The protein level of IGF1R, p-AKT, and AKT in the ovarian cells overexpressing miR-194-5p or with knocked-down miR-194-5p expression. (C) The diagram of the mechanism of miR-194-5p regulates the Warburg effect in ovarian cancer cells. IGF1R/PI3K/AKT: insulin-like growth factor1 receptor/phosphatidylinositol-3-kinase/protein kinase B.

Discussion

In recent years, more studies have demonstrated that the Warburg effect plays a vital role in tumor cell progression, metastasis, and chemotherapy resistance (Vaupel et al., 2019; Icard et al., 2018). Therefore, blocking the Warburg effect is a new idea of molecular therapy against cancer (Pascale et al., 2020). However, the regulons and regulatory mechanism of the Warburg effect in tumor cells still need further investigation. MiRNAs serve as a key regulator of mRNA expression at the post-transcription level, and miRNAs are widely dysregulated in various types of cancer cells (Hill and Tran, 2021). A recent study supported that miRNAs control cancer-associated glycolytic processes through interaction with the key enzymes of glycolysis and cellular signaling pathway in cancers such as ovarian cancer (Zhang and Liu, 2022). For example, the expression of miR-203 is increased in ovarian cancer and promotes aerobic glycolysis by directly targeting the pyruvate dehydrogenase B (Zhao et al., 2016). Besides, miR-383 inhibits ovarian cancer cell proliferation, invasion, and glycolysis through the negative regulation of lactate dehydrogenase A (Han et al., 2017). MiR-603 overexpression suppresses the Warburg effect, and hexokinase-2 was identified as a target of miR-603 in ovarian cancer cells (Lu et al., 2019). In our study, upregulation of miR-194-5p in ovarian cancer cells suppresses the Warburg effect by decreasing ATP generation, glucose uptake, lactate production, and ECAR. This suggests that miR-194-5p contributes to the glycolytic metabolism of ovarian cancer cells. We further illustrated that miR-194-5p overexpression could suppress the PI3K/AKT signaling activity by negative regulation of IGF1R and inhibition of aerobic glycolysis in ovarian cancer cells.

IGF1R is frequently overexpressed in several tumor types, including ovarian cancer (Somri-Gannam et al., 2020; Zorea et al., 2018). The treatment of ovarian cancer cells with IGF1R monoclonal antibodies can significantly suppress the activity of IGF1R, resulting in cell growth inhibition and sensitivity to chemotherapy (Zhang et al., 2021). IGF1R binds to its ligands IGF1 or IGF2 and activates the PI3K/AKT signaling pathway (Werner and Sarfstein, 2014). Accumulated evidence suggests that the PI3K/AKT signaling is over-activated in human malignant tumors, in which glycolysis is increased by the upregulation of metabolic enzymes (Ediriweera et al., 2019). Furthermore, AKT activity increased in 40% of breast and ovarian cancers (Liu et al., 2018). AKT activity improves the accumulation of GLUT1 on the cell membrane and thus increases the uptake of glucose, which in turn promotes the Warburg effect (Hosios and Manning, 2021). Consistently, we revealed that miR-194-5p significantly suppresses IGF1R expression and AKT activity, which maybe, would result in the inhibition of aerobic glycolysis by miR-194-5p in ovarian cancer cells.

In conclusion, the present study revealed the role of miR-194-5p and its target gene, IGF1R, on aerobic glycolysis in ovarian cancer cells. MiR-194-5p suppressed aerobic glycolysis and negatively regulated IGF1R and the PI3K/AKT pathway. IGF1R promotes glycolysis in ovarian cancer cells. Therefore, miR-194-5p regulates aerobic glycolysis of ovarian cancer cells, possibly via IGF1R, which in turn affects the PI3K/AKT signaling pathway, suggesting the potential of miR-194-5p as a target in the treatment of ovarian cancer.
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TABLE 1

Primer sequence

Gene Primer sequence (5'-3)
miR-194-5p Forward: ACACTCCAGCTGGGTGTAACAGCAACTCCA
Reverse: TGGTGTCGTGGAGTCG
RT: CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTCCACA
U6 Forward: CTCGCTTCGGAGCACATATACT
Reverse: ACGCTTCACGAATTTGCGTGTC
RT: GTCGTATCCAGTGCAGGGTCCGAGGTGCACTG GATACGACAAAATATGG
PKM2 Forward: ACTGGCATCATCTGTACCATTG
Reverse: AGCCACATTCATTCCAGACTTA
LDHA Forward: AGGTGATCAAACTCAAAGGCTA
Reverse: CCCAAAATGCAAGGAACACTAA
GLUTI Forward: CTCCTGGTGATGCTTAGTGCCTTG
Reverse: GCTGTTGTTCCGAGTGGGCAGTG
GLUT3 Forward: TTCAATGCTGATTGTCAACCTG
Reverse: GCATTTCAACCGACTTAGCTAC
B-actin Forward: CCTGGCACCCAGCACAAT

Reverse: GGGCCGGACTCGTCATAC






OEBPS/Images/BIOCELL_25048-fig-1.png
*x
g 2004 M 1 e 157 = 150+
g 3 $
g g g
o _ [ ek o .
§o 160 fe —= 5100
3 ao ° 301.0- °
Q. o o 0
2z100d 33 33 8
28207 28 282
T = = =
€2 1.5 Z £0.5- EE1
E E . ] EO.S g £
Q< 1.0 Q< g 21.
£ 05 3 % 0.5+
I ] °
€ 0.0- 4 x 0.0~
o0
&
&
Q"\(\
o)
o <
Q-"&h N
N
v
( ) = LV-miR-194-5p-NC = LV-miR-194-5p-NC
=3 LVmiR-1945p =3 LV-miR-194-5p
= LV-ng-194ﬂ55>!nh{by"°nNC B3 LV-miR-194-5p-inhibition-NC
=3 LV-miR-194-5p-inhibition B3 LV-miR-194-5p-inhibition
1. 25
s ]
E& g _20
34 32
s 5 g15
= 38
< S24p
3 o -
Lo 2%
k| 535
& ¢
0. 0.0
ES-2 SKov3 ES-2 sKov3
(E) ES-2
200+ ~®-  LV-miR-194-5p-NC
—#-  LV-miR-194-5p
_ —4&—  LV-miR-194-5p-inhibition-NC
E 150 ~¥- LV-miR-194-5p-inhibition
H
£ 100+ —
4
3
w504
0 T T T T 1
0 20 40 60 80 100
Time (minutes)
( ) SKOV3
2004 ~®-  LV-miR-194-5p-NC
~#-  LV-miR-194-5p
= 150 —&—  LV-miR-194-5p-inhibition-NC
E ~¥-  LV-miR-194-5p-inhibition
X
£ 1004
g
o
w50
0 T T T T 1
0 20 40 60 80 100

Time (minutes)

SKOV3

normalized to U6

Relative miR-194-5p expression

& oR '\;0

&)
,\d
& &

KN N’
&

(D) LV-miR-194-5p-NC
LV-miR-194-5p
LV-miR-194-5p-inhibition-NC
LV-miR-194-5p-inhibition

IS

-

Relative lactate
concentration (pmol/1! 0°® cell)
N

o

ES-2

SKOV3

Glycolytic Capacity
200
- ns
[ [
< 150
£
i
£100
£
8 s0
o
© KR O &
N \gv @.,e* <$°¢
& & &S
& & K
S VoL
& & &
N &
&
&
Glycolytic Capacity
200
e
150
P
—

ECAR (mpH/min)
-
2
8






OEBPS/Images/BIOCELL_25048-fig-4.png
SKOV3

IGF1R % =
pACT [ . - -] (- e
AKT il | e
pactn [ — — [ — | ——

miR-194-5p
L
IGF1R

l

PIBK

l

AKT  —

PKM2,LDHA,GLUT1,GLUT3

L

A

Glucose uptake

Lactate

ATP

Warburg effect






OEBPS/Images/BIOCELL_25048-fig-3.png
S 60 [
T
1=
k)
c
8 a0
2
normal 2
H
s 20
13
=
c
5
E
E o
Pl ,,’lf’\
S
o

mm | V-IGF1R-RNAI-NC
=3 LV-IGF1R-RNAI
1.5
3 Jkk kK ‘?
§ 3 2 e
5= 1.0 $s
2E £E
=] ° =
g 23
© S =
24059 iE
53 g
& o
« c
8
0.0-
ES-2 SKOV3
SKOV3 @ LV-IGF1R-RNAi-NC
~#- LV-IGF1R-RNAi
5
£
H
E
o
]
g
-
—
80 100
Time (minutes)

. | V-IGF1R-RNAi-NC
=3 LV-IGF1R-RNAi

-
o
]

1.5+

-
°
1
-
o
1

Lt
o
1
o

normalized to B-actin
o
1

Relative LDHA mRNA expression

Relative PKM2 mRNA expression
normalized to B-actin

0.0- 0.0~

B) ©
ES-2 SKOV3 = LV-IGF1R-RNA-NC
=3 LV-IGF1R-RNAI
e[ =] .
. = s
B—actml- ——— ”.. | 3 *x
3 — —
S 1.0+
o \a o > &
S S S S g
ol 24 ¥ e
™ N NN 2 0.5+
£ & & & 2
Qg~ ) Qg. Y =
O A o v 0.0
Y &y X
v ~ ES-2 SKOV3
(¥)
== [V-IGF1R-RNAI-NC
== LV-IGF1R-RNAI ES-2 e~ LV-IGF1R-RNAINC Glycolytic Capacity
200
1.5+ - 20 “® LV-IGF1R-RNAI
— . £ 160
1.0 g £ 100
g § 50
0.5 ,
0 20 40 60 80 100 &
Time (minutes) ﬁy\"c «»8'@
0.0 é& $>5’
ES-2 SKov3 &
@ ES-2 SKOV3
PKM2  [W— | -]
Glycolytic Capacity
" LDHA [ S| [
= 150 GLUT1
£
10 GLUT3
£ .
§ w0 B-actin
o -,
o ¥
R;*‘)XX (-&%\\ Q§
& W© Q"
&0 &
3 be
A\

mm | V-IGF1R-RNA-NC
=3 LV-IGF1R-RNAI

| —
—
Lo
T
ES-2 SKOV3

Relative GLUT1T mRNA expression

= | V-IGF1R-RNAI-NC

159 == LV-IGFIR-RNAI
£ * Kk
] r 1 T
¢ 1.0
Q
]

°

8

= 0.5

E

S

<
0.0-

ES-2

SKOV3

== | V-IGF1R-RNAi-NC

§ 157 =3 LVIGFIRRNAI
2
2
Qo * ek
5§ [ [
g § 1.0
«Q
£
©
= Qo
N
5 0.5
SE
25
282
5
& 0.0~

SKOV3

ES-2






OEBPS/Images/copy.png





OEBPS/Images/BIOCELL_25048-fig-2.png
A !

( ) — tx-m!s-l gj—gp-NC (B) =l | V-miR-194-5p-NC
= -MiR-194-op = | V-miR-194-5p
=3 | V-miR-194-5p-inhibition-NC == L V-miR-194-5p-inhibition-NC
=3 LV-miR-194-5p-inhibition B3 | V-miR-194-5p-inhibition

e 2.04 s c 2.0

k3 r S “ "

@ ™ @

o

< - e

a S . S

Eg1.5 ) g‘gLS- —

E % M = g % ok Sk

€5 1.0 £51.0-

S8 <X

i F

— < —
é, 5 0.5 28 0.5
0.0- T T % 0.0- T T
ES-2 SKOV3 ES-2 SKOV3

E

©
. | V-miR-194-5p-NC . | V-miR-194-5p-NC
=3 LV-miR-194-5p = LV-miR-194-5p
B3 LV-miR-194-5p-inhibition-NC B3 | V-miR-194-5p-inhibition-NC
== LV-miR-194-5p-inhibition == LV-miR-194-5p-inhibition

a =
-l

Ak % —

%

[

-
3,
1
w
1

*

[

N
1

kk

Mnllll Anf Rl Anp

-
1

normalized to B-actin

Relative GLUTT mRNA expression
normalized to B-actin
o -
2] o
1 1
Relative GLUT3 mRNA expression

ES-2 SKOV3 ES-2 SKOV3

(E) ES-2 SKOV3
PRI [ ] (o— | [—— | o——

o [ —— [ —] [——
oLuT1 [—— [
cun: [ [ [—
B-sctn

. YoM
PP A S I A g
A S NP\ S
S \ g ;@; o & o m;«\& %
CaliP A
" ((i\?:’\ I ) “& o





OEBPS/Images/logo.png





