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Introduction

Hepatocellular carcinoma (HCC) is one of the most 
common tumors seen in the liver. It constitutes a very high 
rate of 90% of tumors seen in the liver. HCC is the fifth 
most common type of cancer among the cancer types seen 
in the world. Lung cancer is the first cause of cancer-rela-
ted death in men, while the second cause is HCC (1). 

As a result of the healthy lifestyle trend and increased 
daily activities, individuals need more supplements and 
support foods. As a result of this trend, these food supple-
ments, which are in demand, need scientific research on 
their effectiveness. Coenzyme Q10 (CoQ10) is an impor-
tant supplement that is preferred as the third most used 
supplement and in the treatment of various non-communi-
cable diseases (2). 

Coenzyme Q10 (CoQ10) is primarily known for its 
important role in mitochondrial energy metabolism. As 
a result of extensive studies, it was determined that it is 
in cell membranes and blood plasma. These studies have 
been the turning point in the investigation of the antioxi-
dant role and clinical indication of CoQ10. Recent studies 
have reported that CoQ10 can affect the expression levels 
of the genes of cell signaling, migration and metabolism. 

Low CoQ10 levels have been associated with cancer, dia-
betes, neurodegenerative and muscle diseases and fibro-
myalgia (3). 

Pyrroloquinoline quinone (PQQ) affects cellular meta-
bolic processes, mitochondrial production events, repro-
duction, growth and aging, through environmental expo-
sure and diet. Pyrroloquinoline quinone is specifically 
targeted by essential genes for fatty acid metabolism and 
the mitochondrial system. Moreover, it provides a combi-
nation of other transcriptional enhancers such as PGC-1α 
and nuclear respiration factors (NRF-1 and NRF-2) that 
are essential elements for maintaining energy homeosta-
sis and binding antioxidant response genes (4). Bioactive 
compounds, which are reported to stimulate mitochondrial 
biogenesis, contain many benefits as a healthy life span, 
efficient energy usage and protection from reactive oxygen 
species (5). 

Regulatory factors critical for the expression of many 
mitochondrial functions of vertebrates are the nuclear 
respiration factors, NRF-1 and NRF-2. NRF-1 of them 
has been identified due to its binding to a palindromic 
sequence in the cytochrome c promoter and has been asso-
ciated with the expression of many genes essential for the 
expression and function of the respiratory chain. Also, it is 
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tion down-regulated the expression levels of miR16-1, miR15a and miR181c. The use of Pyrroloquinoline qui-
none and CoQ10 is effective on epigenetic factors, miR-15a, miR-16-1 and miR181c are important candidate 
biomarkers in hepatocellular carcinoma and diseases accompanied by mitochondrial dysfunction.
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a transcription factor that interacts with various coactiva-
tors including PGC-1α, to regulate nuclear mitochondrial 
genes (6). 

PGC-1α is an important coactivator that plays a central 
role in a regulatory network that governs transcriptional 
control of mitochondrial biogenesis and respiratory func-
tion (7). 

Nuclear factor kappa B (NF-κB) is a family of dime-
ric transcription factors that coordinate inflammatory 
responses such as cellular differentiation, proliferation, 
survival, and immune response. Misregulation of NF-κB 
has been associated with a wide variety of diseases, from 
cancer to inflammatory and immune disorders. NF-κB is 
of critical importance to cancer biology that needs to be 
focused and elucidated (8). 

Recently, some types of miRNAs, termed MitomiR, 
have been identified to be present specifically in mito-
chondria. MitomiRs originate from mitochondrial mRNAs 
or the nucleus but mostly are of nuclear origin. The rela-
tionship of MitomiRs with mitochondria varies between 
the species and cell types in which it is present. MitomiRs 
are located extensively in the mitochondria of tissues and 
cells. Aberrant expression of MitomiRs in mitochondria 
has been associated with the occurrence of cancer disease 
(9). 

MitomiR family members, miR-15a and miR16-1 in-
duce apoptosis through the regulation of mitochondrial 
functions. They occur as a cluster in the 13q14 chromoso-
mal region and are frequently deleted or downregulated in 
chronic lymphocytic leukemia. miR-15a and 16-1 coordi-
nate multiple oncogenic activities, containing BCL-2 and 
MCL-1. Furthermore, miR-15a regulates mitochondrial 
dysfunction, by cytochrome c release into the cytosol and 
deterioration of mitochondrial membrane potential (10). 

MitomiR family element miR181-c is an important 
miRNA involved in mitochondrial oxidative metabolism 
that regulates mitochondrial energy metabolism. It origi-
nates from the nuclear genome, is processed in the cyto-
sol and translated into mitochondria. Overexpression of 
miR181-c causes an imbalance between mitochondrial 
units, promoting reactive oxygen species (ROS) genera-
tion (11). 

Our study aims to reveal the effects and changes that 
occur in genes (NRF-1, NRF-2, NF-κB and PGC-1α) and 
miRNAs (miR15-a, miR16-1, miR181-c) and antioxidant 
metabolism (Oxidative Stress), inflammatory response, 
mitochondrial biogenesis and mitochondrial dysfunc-
tion characteristics in hepatocellular carcinoma cell line 
HepG2. 

Within scope of our study, it was aimed to reveal the 
selected genes, miRNAs and cellular properties most 
clearly in accordance with the hypothesis of the study, by 
choosing hepatocellular cells with the most intense mito-
chondrial function. 

In our study, the cellular, mitochondrial, molecular ge-
netics and epigenetic effects of antioxidant drugs PQQ and 
CoQ10 in hepatocellular carcinoma cell line HepG2 are 
comprehensively demonstrated. 

Basically, it is aimed to investigate the effects of drugs 
used due to antioxidant support and therapeutic response 
in many different diseases, especially cancer. Do the drugs 
involve really elicit miracle responses, as expected, by 
acting on genetic and epigenetic factors? How it affects 
mitochondrial functions is another question mark that our 

study tries to resolve. How it affects cell proliferation and 
cancer development when it is applied to cancer cells in 
vitro is one of the hypotheses our study tries to reveal.

Materials and Methods

Preparation of Pyrroloquinoline Quinone (PQQ) and 
Coenzyme Q10 (CoQ10)

Supplied in powder form Pyrroloquinoline quinone 
(Sigma-Aldrich) and Coenzyme Q10 (Sigma-Aldrich) 
were prepared in 10 μM Dulbecco's Modified Eagle 
Medium (DMEM) cell culture solution and the prepared 
solutions were stored at -20 °C. PQQ was prepared in se-
rially diluted concentrations ranging from 200 µM to 6. 
25 µM. CoQ10 was prepared in serially diluted concentra-
tions between 100 µM and 3. 125 µM. The serially dilu-
ted concentration range of the cell group treated with the 
PQQ+CoQ10 drug combination is between 100 µM and 3. 
125 µM. Cells without drug administration constitute the 
control group. 

Cell culture
HepG2 cells (ATCC® HB-8065™) were cultured 10% 

fetal bovine serum (FBS), 2 mM L-glutamine, 100 U/ml 
penicillin, 100 U/ml streptomycin containing Dulbecco's 
Modified Eagle Medium (DMEM), in 75 cm2 flasks, at 
37°C, in a 5% CO2 conditions. 

Cell viability assays
The effects of PQQ, CoQ10 and combined drug admi-

nistration on cell viability in the HepG2 cell line were ana-
lyzed using the XTT test. In our study, the Biotium XTT kit 
with catalog number 30007 was used. Experimental steps 
were carried out in accordance with the kit protocol. First-
ly, the stock solutions were prepared by dissolving PQQ 
and CoQ10 powders in 10mL DMEM (10mM). Doses 
were prepared by serial dilution as specified in Section 2. 
1. Briefly, HepG2 cells were seeded into 96-well plates at 
a density of 10,000 cells per well. After the attachment of 
the inoculated cells (3 days later) drugs were applied. The 
absorbances were read at 475 nm with a microplate reader 
(ThermoFisher Scientific). 

IC50 concentrations were determined by plotting a li-
near regression curve. The percentage of cell growth in-
hibition was calculated as; Relative inhibition rate (%) = 
(OD control - OD drug administration)/OD control ×100. Relative inhi-
bition rates and linear regression curves were calculated 
and graphed using the Microsoft Excel program. 

Cell count
Cell counting was performed with a cell counter with 

the RDW branded product code Automated Cell Counter 
(C100). Since the device can calculate 40,000 cells in 1 
mL, cell cultivation was carried out in 96 well plates. 

Cell wound healing assay
In order to reveal the effect of applied drugs on lateral 

cell migration and cell-cell interaction, a cell wound hea-
ling experiment was performed. HepG2 (1x105) cells were 
seeded in 6 well-plates. In the 1st well, drug-free control, 
2nd well CoQ10, 4th well PQQ and 5th well PQQ+CoQ10 
drug-treated cells were seeded. Wells 3 and 6 were left 
blank. When the cells reach a confluency of 75%, a scratch 
was created in the middle of each well with a 200 µL mi-
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150 catalog no) kits. Cell pellets (~1x107) obtained after 
centrifugation of the cell samples were treated with the 
buffers contained in the kit in accordance with the kit pro-
tocol. In the last step, the RNA samples were obtained af-
ter centrifuging the columns at 11. 000 rpm for 2 minutes 
were stored at -80 °C. 

miRNA-cDNA synthesis
After miRNA isolation, the cDNA synthesis phase was 

started from the miRNAs obtained. Specific "stem-loop 
primers" were designed for each miRNA to be investiga-
ted and these primers were used in cDNA synthesis. For 
cDNA extraction from miRNAs, used  A. B. T. ™ brand, 
cDNA Synthesis Kit with Rnase Inh. A kit named (High 
Capacity) (catalog no C03-01-05). Followingly; was star-
ted the reverse transcription reaction stage and the obtai-
ned miRNA-cDNA samples were stored at -80 °C. 

miRNA-cDNA products Real-Time qPCR phase
For Real-Time qPCR, used A. B. T™ brand, A. B. T. ™ 

2X miRqGreen MasterMix (with ROX) (Q04-02-01 cata-
log no) kit. The same MasterMix conditions were used for 
all primers. The Real-Time qPCR reaction was performed 
on the Applied Biosystems™ 7500 Fast Real-Time PCR 
instrument. The RNU6 gene was used as a reference gene 
in the qRT-PCR step of miRNA products. 

Evaluation of results and statistical analysis
All experiments conducted within the scope of our 

study were performed with 3 technical repetitions. Statis-
tical analysis of our study was performed using GraphPad 
Prism 9. 3. 1. 

Normality tests of PQQ, CoQ10 and PQQ+CoQ10 
XTT results were performed using the Shapiro-Wilk test 
and Kolmogorov-Smirnov test. Then, the "Normality 
Graph" of the relevant data was prepared. Whether the 
PQQ, CoQ10 and PQQ+CoQ10 XTT values   were statisti-
cally significant was investigated by performing the "One 
Sample t-test" within the group. Then, statistical analysis 
between groups was made using “One-Way ANOVA”. 
The significance level was accepted as p<0. 05. 

The normality test of the wound healing experiment 
data, in which the cell proliferation and migration ability 
were measured depending on the drug administration was 
performed with the Shapiro-Wilk test. The results obtained 
were statistically analyzed, with the measurement values   
of 4x and 10x images separately. The "One Sample t-test" 
was performed within the group to determine whether 
the measurement values   of the 4x images were statisti-
cally significant within each group (Control-PQQ-CoQ10-

cropipette tip. Then, the cells were washed in 1xPBS. Af-
ter washing, 2 mL of fresh medium was added to all wells. 
At 24, 48 and 72 hours, the movements of the cells were 
monitored and imaged under an inverted microscope. The 
images obtained from the wells were evaluated according 
to the dimensions of the scar area. The resulting images 
were transferred to the Image-Pro Premier 9. 2. 22 pro-
grams to evaluate the closure rate of the scar. Measure-
ments and markings were made using Image-Pro Premier 
9. 2. 22 to compare wound healing gaps. 

Wound closure percentages were calculated according 
to the formula (Wt0- Wt72)/ Wt0X100. (Wt0: Wound width of 
0 hr, Wt72: Wound width of 72 hr) (12). 

mRNA Products Real-Time Polymerase Chain Reac-
tion (Real-Time PCR/qRT-PCR)

RNA isolation 
For the isolation of RNA from mRNA products, Ge-

neAll brand, RiboEx (301-001 catalog no) and Hybrid-R 
(305-101 catalog no) kits were used. Cell pellets (~1x107) 
obtained after centrifugation of the cell samples were 
treated with the buffers contained in the kit in accordance 
with the kit protocol. In the last step, RNA samples were 
obtained after centrifuging the columns at 10. 000xg for 1 
minute were stored at -80 °C. 

cDNA synthesis
After RNA isolation, cDNA synthesis was passed. To 

obtain cDNA used, A. B. T brand, cDNA Synthesis Kit 
(High Capacity) (catalog no C03-01-05). After the master 
mix was prepared for cDNA synthesis, the reverse trans-
cription reaction stage was started. After reverse transcrip-
tion, the obtained cDNA samples were stored at -80 °C. 

Real-Time qPCR phase
After obtaining cDNA, the Real-Time qPCR stage was 

started. For Real-Time qPCR was used, A. B. T brand, 2X 
qPCR SYBR-Green Mastermix (Without Rox) (Q03-01-
05 catalog no) kit. Primer information used for expression 
analysis was synthesized as shown in Table 1. The ß-AC-
TIN (ACTB) gene was used as a reference gene in the 
qRT-PCR step of mRNA products.

miRNA Products Real Time Polymerase Chain Reac-
tion (Real Time PCR/qRT-PCR) 

RNA isolation 
For miRNA isolation, were used GeneAll brand Ri-

boEx (301-001 catalog no) and Hybrid-R miRNA (325-

NRF1-F ATCGTCTTGTCTGGGGAAAC Oligomer 
NRF1-R TGTTCCAATGTCACCACCTC Oligomer 
NRF2-F ATGCCCTCACCTGCTACTTT Oligomer 
NRF2-R GATGCCACACTGGGACTTG Oligomer 
NFKB-F GAAGCACGAATGACAGAGGC Oligomer 
NFKB-R GCTTGGCGGATTAGCTCTTTT Oligomer 
Pgc-1α-F CGAGAGTTTCCGTTCCCTTT Oligomer 
Pgc-1α-R CCAGGAGGAGCCGTAGTTGT Oligomer 
B-ACTIN-F AAACTGGAACGGTGAAGGTG Oligomer 
B-ACTIN-R AGAGAAGTGGGGTGGCTTTT Oligomer 

Table 1. Primer information used for gene expression analysis.
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PQQ+CoQ10). Then, statistical analysis between groups 
was made using “One-Way ANOVA”. (p<0. 05)

For the analysis of qRT-Pcr results; threshold cycle, 
Ct value, ∆Ct value, ∆∆Ct and Fold Change (coefficient 
change after comparison of samples) values   were calcula-
ted. While calculating the ∆Ct value, the formula (Ct tar-
get miRNA – Ct reference miRNA) was used. While cal-
culating the ∆∆Ct value, the formula (∆Ct target miRNA 
– Mean ∆Ct control miRNA) was used. While calculating 
the Fold Change value, the 2-ΔΔCt formula was used. The 
Fold Change values   in the range of 0 to 1 were evaluated 
to define the downstream regulation. The normality test of 
the ∆Ct value and Fold Change values   obtained were per-
formed with the Shapiro-Wilk test. Whether the ∆Ct value 
and Fold Change values   were statistically significant was 
investigated by using the “One Sample t-test” within the 
group. Statistical comparison of genes and miRNA pro-
ducts between groups was made using “One-Way ANO-
VA”. (p<0. 05) The standard deviation (SD) was calcula-
ted by calculating the population standard deviation. The 
population SD was calculated according to the formula 
SD: √ Σ (xi-M)2 /n. (Xi: Values   in series, M: Median, n: 
Sample size) 

Results

Cell viability assays
XTT test was applied to reveal the effects of PQQ and 

CoQ10 on cell viability. The IC50 concentration for PQQ 
was determined as 46,331 µM. (Figure 1) Applied CoQ10 
concentrations are given in (Figure 2).  The IC50 concen-
tration for CoQ10 was determined as 23,99 µM. The IC50 
concentration for the PQQ+CoQ10 drug combination was 
determined as 32,1992 µM. (Figure 3)

 According to the results of the One-Sample t Test, 
which was carried out to statistically evaluate the XTT 
results within the groups, the p-value of the PQQ admi-
nistration was found to be 0. 2523, the p-value of the 
CoQ10 administration was 0. 0368*, and the p-value of 
the PQQ+CoQ10 administration was 0. 1731. (p<0. 05 
significance level) Statistical analysis between groups was 
performed using “One-Way ANOVA” at p<0. 05 signifi-
cance level. The P-value was determined as 0. 8888 and it 
is statistically insignificant, the groups are independent of 
each other.

Cell wound healing assay
In the wound healing experiment, we performed on the 

hepatocellular carcinoma cell line HepG2, PQQ, CoQ10, 
PQQ+CoQ10 combined drug administration and control 
group was followed in the wells at 0, 24, 48 and 72 hours. 
Wound closure distances were examined under a light mi-
croscope at 4X and 10X enlargement, and the images were 
recorded (Figure 4 and Figure 5) The images we obtained 
from the wound healing assay results of our study were 
transferred to Image-Pro Premier 9. 2. 22 program to eva-
luate the closure rate. Wound closure percentages in the 
control and drug administration groups of distances mea-
sured from 10X images; Control: %33. 01, PQQ: %36. 79, 
CoQ10: %18. 09, PQQ+CoQ10: %38. 77. According to 

Figure 4. Pyrroloquinoline Quinone (PQQ), Coenzyme Q10 (CoQ10) 
effects on cell migration and proliferation (The wound area was exa-
mined under a light microscope (4X)).

Figure 5. Pyrroloquinoline Quinone (PQQ), Coenzyme Q10 (CoQ10) 
effects on cell migration and proliferation (The wound area was exa-
mined under a light microscope (10X)).

Figure 1. Pyrroloquinoline Quinone (PQQ) administration doses and 
linear regression curve.

Figure 2. Coenzyme Q10 (CoQ10) administration doses and linear 
regression curve.

Figure 3. PQQ+CoQ10 combined administration doses and linear 
regression curve.



64

Muhammed Ali Nalbant and Onur Eroğlu / Effects of PQQ and CoQ10 on cellular properties, 2023, 69(4): 60-69

the assay results; PQQ application increases wound clo-
sure area and cell proliferation compared to the control 
group. CoQ10 administration compared to the control 
group; It has been determined that it prevents the closure 
of the wound area and cell proliferation. In combined 
administration, the drugs acted antagonistically to each 
other, increased wound closure and supported cell prolife-
ration. In the evaluation of the measurement results at the 
end of 72 hours compared to the control group, the highest 
cell proliferation and wound closure were observed in the 
PQQ+CoQ10 combined drug application. A greater proli-
feration stimulus occurred from the individual administra-
tion of the drugs. 

When we analyzed the gap closure data of 4X and 10X 
images statistically, we found that the data of both groups 
had a normal distribution  (Figure 4 and Figure 5). The 
data of 4X images are at p<0. 05 significance level, the p-
value for the Control group is 0. 0004***, the p-value for 
PQQ is 0. 0018**, the p-value for CoQ10 is 0. 0002***, 
and for PQQ+CoQ10** p-value was determined as 0. 0016 
and all data obtained are statistically significant. Statistical 
analysis between groups was performed using “One-Way 
ANOVA” at p<0. 05 significance level. p-value was deter-
mined as 0. 0781 and it is statistically insignificant, the 
groups are independent from of other. 

The data of 10X images were at p<0. 05 significance 
level, the p-value was determined for the control group 0. 
0015**,for PQQ 0. 0023**, for CoQ10 0. 0004***, for 
PQQ+CoQ10 was 0. 0034** and all the data obtained are 
statistically significant. Statistical analysis between groups 
was performed using “One-Way ANOVA” at p<0. 05 si-
gnificance level. p-value was determined as 0. 6848 and it 
is statistically insignificant, the groups are independent of 
each other.

mRNA products Real Time Polymerase Chain Reac-
tion (Real Time PCR/qRT-PCR) 

We first identified in the qRT-PCR phase of our study 
were investigated, expression levels of the genes (PGC-
1α, NRF-1, NRF-2 and NF-κB). As a result of the applied 
qRT-PCR, the Ct value, ∆Ct value, ∆∆Ct and Fold Change 
values   of the relevant genes were calculated. 

After the mRNA products were determined to have a 
normal distribution in the qRT-PCR experiment results; 
according to the results of the One-Sample t Test perfor-
med to statistically evaluate qRT-PCR ∆Ct values   wit-
hin groups, the p-value was determined for PGC1-α 0. 
0057**, for NRF-1 the 0. 0031**, for NRF-2 0. 0066**, 
for NF-κB 0. 0036**. (p<0. 05 significance level) Statis-
tical analysis between groups was performed using “One-
Way ANOVA” at p<0. 05 significance level. p-value was 
determined as 0. 0002*** and it is statistically significant. 

According to the results of the One-Sample t Test per-
formed to statistically evaluate the qRT-PCR Fold Change 
values   within the groups, the p-value was determined as 
for PGC1-α 0. 1094, for NRF-1 0. 0139*, for NRF-2 0. 
0210*, for NF-κB 0. 1766. (p<0. 05 significance level) 
Statistical analysis between groups was performed using 
“One-Way ANOVA” at p<0. 05 significance level. p-value 
was determined as 0. 1038 and it was statistically insigni-
ficant, the groups were independent of other. 

According to the qRT-PCR data of our study; PQQ and 
CoQ10 administration supports the increase of PGC1-α 
gene expression. While the highest expression increase 

was seen in the CoQ10 application, there was almost the 
same increase in the PQQ application. However, the com-
bined application of drugs, according to their separate ap-
plications; expression of the PGC1-α gene was increased 
to a much lesser extent (Figure 6). Although PGC1-α gene 
expression increased in all treatments compared to the 
control group due to drug administration, it was not found 
to be statistically significant.

In our study; we investigated the effects of NRF-1 and 
NRF-2 genes. When we examined the effects of PQQ and 
CoQ10 application on NRF-1 gene expression; we found 
that in all three applications (PQQ-CoQ10-PQQ+CoQ10) 
it did not increase gene expression compared to the con-
trol group, on the contrary, it caused less expression than 
the control group (Figure 7). When we evaluated the 
data statistically within the group, we found it statisti-
cally significant. For the NRF-2 gene, we detected a very 
small increase in expression only in the PQQ application 
compared to the control group. We found a decrease in 
expression compared to the control group in CoQ10 and 
combined drug administration. (Figure 8). When we sta-
tistically evaluated the data of the NRF-2 gene within the 

Figure 6. PGC1-α gene qRt-PCR ∆Ct and fold change values, graph 
and means.

Figure 7. NRF-1 gene qRt-PCR ∆Ct and fold change values, graph 
and means.

Figure 8. NRF-2 gene qRt-PCR ∆Ct and fold change values, graph 
and means.
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group; We found it statistically significant.
According to the data we obtained; In NFκB gene 

expression level, PQQ causes the highest increase, fol-
lowed by CoQ10 application, and finally PQQ+CoQ10 
combined application. (Figure 9) While PQQ application 
caused the highest increase in NFκB gene expression level 
among the administered drugs, the combined application 
of PQQ+CoQ10 caused the lowest expression increase. 
When we evaluate the obtained data statistically; we did 
not find it statistically significant.

miRNA products Real Time Polymerase Chain Reac-
tion (Real Time PCR/qRT-PCR) 

In the qRT-PCR phase of our study, were investiga-
ted the expression levels of miRNAs (miR15-a/miR16-1/
miR181-c), members of the MitomiR family. 

After the miRNA products were determined to have a 
normal distribution in the qRT-PCR experiment results; 
according to the results of the One-Sample t Test perfor-
med to statistically evaluate qRT-PCR ∆Ct values   within 
groups, the p-value was determined for hsa miR 16-1 0. 
0008***, for hsa miR-15a 0. 0014**, and for hsa miR 
181-c 0. 0001****. (p<0. 05 significance level) Statistical 
analysis between groups was performed using “One-Way 
ANOVA” at p<0. 05 significance level. p-value was deter-
mined as 0. 0118*, which is statistically significant. 

According to the results of the One-Sample t Test per-
formed to statistically evaluate the qRT-PCR Fold Change 
values   within the groups, the p-value was determined for 
hsa miR16-1 0. 3192, for hsa miR-15a 0. 2515, for hsa 
miR181-c 0. 0028**. Statistical analysis between groups 
was performed using “One-Way ANOVA” at p<0. 05 si-
gnificance level. p-value was determined as 0. 3075 and it 
is statistically insignificant, the groups are independent of 
each other.    

According to the qRT-PCR results of our study, miR16-
1 was more expressed in all three drug administration 
groups (PQQ, CoQ10, PQQ+CoQ10) compared to the 
control group (Figure 10). Combined application had a 
positive effect on the effectiveness of the drugs. Similar re-
sults were also obtained in miR15a, and all three treatment 
groups (PQQ, CoQ10, PQQ+CoQ10) expressed higher 
levels of miR15a compared to the control group. (Figure 
11). Combined administration had a positive effect on the 
effectiveness of the drugs. According to miR181c results, 
although all three application groups (PQQ, CoQ10, 
PQQ+CoQ10) showed similar results due to down-regula-
tion, the greatest effect was in the PQQ application (Figure 
12).

Discussion

Within the scope of our study; we investigated the 
effects of two antioxidant agents, which are widely used 
today and recommended as supplements in hepatocel-
lular carcinoma HepG2 cells. We revealed the effects of 
PQQ and CoQ10 on mitochondrial biogenesis, mitochon-
drial dysfunction, anti-cancer activity, cell proliferation 
and migration, gene expression levels, and finally on the 
expression levels of miRNAs, which are members of the 
mitoMir family. We conducted the trials of our drug admi-
nistrations separately and in combination. We performed 
all our experiments within the scope of our study with 3 
technical repetitions. 

As a result of the experimental research we have done 
within the scope of our study, the first data we have ob-
tained are the effects on cell viability and the IC50 doses 
of drugs. In order for the drug administered according to 
these doses to be effective in the experimental group, PQQ 
should be used in higher amounts than CoQ10. According 
to the data obtained in the combined drug administration; 
alone CoQ10 application may be more effective with a 

Figure 9. NFκB gene qRt-PCR ∆Ct and fold change values, graph 
and means.

Figure 10. hsa miR 16-1 qRt-PCR ∆Ct and fold change values, graph 
and means.

Figure 11. hsa miR 15-a qRt-PCR ∆Ct and fold change values, graph 
and means

Figure 12. hsa miR 181-c qRt-PCR ∆Ct and fold change values, 
graph and means.
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smaller amount of drug. In studies investigating anti-can-
cer efficiency, minimum drug use and maximum effect are 
aimed. When our study is evaluated in this context, only 
CoQ10 reveals a more effective use. PQQ and CoQ10 are 
put on the market together or by adding various supple-
ments by drug manufacturers. If the data we have obtai-
ned are evaluated in terms of anti-cancer effectiveness, 
the most effective use of CoQ10 can be defined as the use 
alone rather than the combined use. 

In cell culture studies, drug effects are investigated 
alone or in combination. When combined drug adminis-
tration is applied, it is tried to obtain maximum therapeutic 
efficiency with less drug use. For this effect to occur, drugs 
must act synergistically. The use of combination chemo-
therapy offers potential advantages such as increased drug 
efficacy and protection, as well as the chance of dose 
reduction, reduced toxicity, and reduced or delayed drug 
resistance development. However, in the opposite case, 
the same effect may occur with the use of higher concen-
trations of drugs (13). 

When the reading values of the PQQ, CoQ10 and 
PQQ+CoQ10 XTT relative inhibition rates were evalua-
ted statistically; only the CoQ10 application was found to 
be statistically significant. CoQ10 will provide effective 
use at the determined IC50 concentration and application 
intervals. The combination of PQQ and CoQ10, its effec-
tiveness can be investigated by making trials at different 
concentrations in a wider range of use. When the relative 
inhibition rates of the PQQ, CoQ10 and PQQ+CoQ10 
XTT experiment were evaluated statistically between the 
groups, no statistical difference was found between the 
groups. (p<0. 05 significance level) According to this re-
sult, the drugs show efficacy independently in the applica-
tions. This data, as seen in our IC50 doses, show higher effi-
cacy with the use of CoQ10 alone than with the combined 
use of less amount of the drug. Thus, the independence of 
drug administration groups is supported.   

Zhihui Min et al. investigated the anti-cancer activity 
of PQQ in their study with three different tumor cell lines. 
In their study, they determined the IC50 concentration for 
PQQ as 50. 16 µM and 56. 21 µM in 24 hours, respecti-
vely. It has been reported that PQQ triggers the apoptotic 
process at low concentrations (30-75 μM), and apoptotic 
effects become significant at higher concentrations (120-
300 μM) (14). The IC50 (46,331 µM) value that we deter-
mined in our study is compatible with this study. (Figure 
1) In the concentration range we determined, the apoptotic 
process was induced and the survival of cancer cells was 
adversely affected. 

The benefits of CoQ10 for cancer are through immune 
system enhancement and antioxidant activity. Supplemen-
tal CoQ10 (100-200 mg daily) can prevent cardiac damage 
and adverse effects of chemotherapeutic drugs on the gas-
trointestinal system. In a systematic review, it was repor-
ted that CoQ10 protected against cardiotoxicity and liver 
toxicity in patients receiving chemotherapeutic drugs such 
as doxorubicin in studies conducted with cancer patients 
(15). Because of this feature, the investigation of the anti-
cancer activity of CoQ10 and PQQ in our study was car-
ried out in the HepG2 hepatocellular cell line. In this way, 
we have clearly observed the changes in mitochondrial 
properties and biogenesis. 

Up-regulation of CoQ7, CoQ4 and CoQ8 gene expres-
sions in cancer cell lines of chemotherapeutic drugs such 

as camptothecin, etoposide, doxorubicin and methotrexate 
results in an increase in CoQ10 levels as an antioxidant 
response to free radical formation. In one study, decreased 
CoQ10 levels were detected in women with breast cancer 
and in cancerous breast tissues, suggesting that reduced 
CoQ10 levels are associated with poor prognosis. Some 
case reports have reported that a daily intake of 390 mg. 
of CoQ10 resulted in tumor regression and disappearance 
in patients with previously identified metastases. Plasma 
CoQ10 levels were found to be significantly lower in 
117 melanoma patients without metastases compared to 
the control group. In addition, lower CoQ10 levels were 
detected in patients who developed metastases compared 
to those who did not. Low plasma levels of CoQ10 have 
been shown in cervical intraepithelial neoplasia and cer-
vical cancer (15).  In our study, the effect of CoQ10 on 
cell viability was investigated, and the anti-cancer efficacy 
of externally administered doses to cells with cancer acti-
vity (HepG2 Cell Line) was demonstrated. The results of 
the experiments in which the IC50 concentration and cell 
viability we determined both in practice and statistically 
for CoQ10 application and support the relevant studies 
(Figure 2). With the correct dosage of CoQ10; it shows 
anti-cancer activity and adversely affects the proliferation 
and survival of cancer cells. 

The effect of PQQ and CoQ10 on cell viability as a 
combined administration has not been investigated before 
in the literature. In the HepG2 cell line, the efficacy and 
anti-cancer properties of PQQ and CoQ10 have not been 
demonstrated before. We demonstrated for the first time 
the cellular properties of redox factors PQQ and CoQ10 
in HepG2, as they prevent mitochondrial dysfunction and 
play an active role in mitochondrial biogenesis. In the 
wound healing assay, we performed on the hepatocellular 
carcinoma cell line HepG2; according to the experimental 
results, PQQ application increases cell proliferation com-
pared to the control group. CoQ10 application compared 
to the control group; it has been determined that it pre-
vents cell proliferation. In the combined administration, 
we found that the drugs increased cell proliferation at the 
highest rate. 

Nagwan Shanan et al., while investigating the effects 
of PQQ and resveratrol on the survival and regeneration 
of cerebellar granular neurons in their study, performed 
a wound healing experiment in cerebellar granular neu-
ron culture at the stage of investigating apoptosis and cell 
proliferation. According to the results they obtained; PQQ 
(0. 5 μM) and resveratrol (5 μM) tended to promote neu-
rite regrowth at the wound area; however, they reported 
that this effect was statistically insignificant. Combina-
tion administration of both drugs showed similar degrees 
of neurite regrowth to the effect observed with resvera-
trol alone, and they reported that no synergistic effect was 
observed between the two drugs (16).  In this respect, the 
study shows parallelism with our study. In our study, we 
reported that PQQ increases wound healing and cell pro-
liferation. 

B. Wan et al., in a study they conducted with P3H4 
(Coenzyme Q10/ubiquinone analogue), a type of qui-
none compound, performed a wound healing experiment 
to investigate the effects of CoQ10 on proliferation and 
migration on renal cancer cells (Renca). In the wound 
healing assay, they reported that the cell migration ability 
was significantly inhibited in the test group compared to 



67

Muhammed Ali Nalbant and Onur Eroğlu / Effects of PQQ and CoQ10 on cellular properties, 2023, 69(4): 60-69

the control group (17).  These results are consistent with 
the results we obtained in the wound healing assay in our 
study; this is consistent with our findings that the cell mi-
gration ability is inhibited by CoQ10 administration com-
pared to the control group. 

The amount of mitochondria is regulated to respond to 
the energy needs of the cell and to compensate for cellular 
damage. Increased mitochondrial amounts are supported 
by PGC1-α, a key regulator of mitochondrial biogenesis. 
Mart Dela Cruz et al., in their study, found an increase in 
PGC1-α and mitochondrial numbers in patients with pre-
cancerous lesions. Oxidative stress is known to increase 
mitochondrial mass. They suggest that the increase in mi-
tochondrial mass may be driven by oxidative stress in the 
early stages of carcinogenesis (18). 

PGC-1α activity is regulated by the amount of nutri-
ents and energy balance in the cells. Cells increase mito-
chondrial production when there is mitochondrial damage 
to cells. Mitochondrial production events depend on the 
upregulation of PGC-1α gene expression. By deacetylat-
ing PGC-1α by SIRT1, a PGC-1α dependent energy and 
redox balance is established. PGC-1α is activated together 
with ERRα (Estrogen-related receptor α) and Sirtuin 3 
(SIRT3) expression is provided. In this way, ROS in the 
cell is cleared by increased superoxide dismutase activity. 
In telomere dysfunction, p53 suppresses PGC-1α expres-
sion. Mitochondrial production decreases during the aging 
process. In cancers in which p53 is mutated, PGC-1α is 
downregulated and mitochondrial dysfunction and ROS 
are increased (19). 

According to the results we obtained; PQQ and CoQ10 
exposure increases PGC-1α expression in the HepG2 cell 
line. Increased PGC-1α expression is associated with 
increased mitochondrial biogenesis, mitochondrial func-
tion and lower ROS levels. Exposure to both antioxidant 
agents has a positive effect on mitochondrial function. We 
reported that combined use reduces this effect. 

Nuclear respiration factors are vital to the sustainabil-
ity of mitochondrial function. Mitochondrial biogenesis is 
regulated by the activity of nuclear transcription factors 
such as Peroxisome proliferator-activated receptor gamma 
(PPARα-γ), NRF-1, NRF-2, Estrogen Related Receptors 
(ERR α, β, γ). 

The expression of NRF-1 and NRF-2 regulates the ex-
pression of antioxidant genes and respiratory chain com-
ponents such as cytochrome and Co subunits. ERR factors 
regulate the expression of genes related to fatty acid oxi-
dation, the Krebs cycle and oxidative phosphorylation. As 
a result of increased mitochondrial biogenesis, mitochon-
drial mass increases in response to nutritional stress (19).  

Winyoo Chowanadisai et al., in their study, investi-
gated the effect of PQQ on mitochondrial biogenesis in 
Hepa1-6 cells. The effects of PQQ were investigated on 
PGC-1α mRNA and protein expression, NRF-1, NRF-2, 
CREB and PGC-1α promoter activation.  Cells were ex-
posed to PQQ after being transfected with a reporter plas-
mid containing response elements for NRF-1 or NRF-2. 
In their study, they reported that PQQ exposure caused an 
increase in the activation of NRF-1 and NRF-2 promoters, 
and the activation of PGC-1α promoter, mRNA and pro-
tein expression (20). 

Low expression of NRF-1 and NRF-2 causes condi-
tions such as decreased oxidative phosphorylation capa-
city, weak antioxidant capacity, and low cellular metabo-

lism. As a result of exposure to antioxidant agents such as 
PQQ and CoQ10, an increase in the expression levels of 
nuclear respiratory factors is expected. In our study, al-
though PQQ exposure was parallel to the study of Winyoo 
Chowanadisai et al., due to the increase in the expression 
levels of the PGC-1α gene, there were no similar results 
in terms of the expression levels of NRF-1 and NRF-2 
genes. The reporting of different results for the NRF-1 and 
NRF-2 genes may be due to the difference in techniques 
for measuring gene expression. 

Xing Li et al., in their study, measured the levels of 
Nrf-2 and NQO-1 proteins by Western blot technique to 
investigate the effect of CoQ10 on the protection of the 
Nrf-2/ARE signaling pathway against oxidative stress and 
apoptosis. They reported that CoQ10 treatment increased 
Nrf-2 and NQO-1 protein levels (21). Depending on the 
application of PQQ and CoQ10 in our study, the decrease 
we detected in NRF-1 and NRF-2 gene expression levels 
is at the gene level, and different interactions may occur at 
protein levels. 

PQQ and CoQ10 are two important components known 
for being powerful antioxidants. Due to these features, we 
investigated its effect on NF-κB gene expression levels in 
our study. NF-κB is found in the cytoplasm and complexes 
with IκB in normal cells. When NF-κB is stimulated by 
stress, free radicals and ROS, it becomes activated, lea-
ding to phosphorylation of p65. Phosphorylated p65 mi-
grates from the cytosol to the nucleus and activates ROS, 
eventually resulting in oxidative stress (22). 

Lixia Liu et al., in their study on the C2C12 mouse 
skeletal myoblast cell line, reported that PQQ signifi-
cantly down-regulated ROS accumulation, increased the 
activities of important antioxidant enzymes, and decreased 
NF-κB phosphorylation. Exposure to an antioxidant agent 
in the cancer cell line is expected to reduce the oxidative 
stress of the cells, so the expression of the NF-kB gene is 
also expected to decrease. Our studies do not show paral-
lelism in this aspect. Since the cells they used are not can-
cer cells, the cells may reveal different expression levels 
in terms of antioxidant properties with hepatocellular car-
cinoma cells HepG2 cells (23). In our study, although the 
effects of PQQ and CoQ10 application on NFκB and an-
tioxidant properties were not statistically significant, this 
should be investigated in different cell lines. 

There was no statistically significant difference between 
the drug groups whose effects on gene expression levels 
were investigated by applying them during the qRT-PCR 
stage. The application of PQQ, CoQ10 and PQQ+CoQ10 
was independent between the groups in terms of the effect 
on the expression levels of PGC1-α, NRF-1, NRF-2, NF-
κB genes. It has been determined that the related genes and 
drugs are not related to each other due to their applications. 

From the MitomiR family; miR16-1, miR-15a and 
miR181c are the miRNAs whose expression levels we 
investigated in our study. miR-15a and miR-16-1 induce 
apoptosis through the regulation of mitochondrial func-
tion. miR-15a promotes mitochondrial dysfunction, 
indicated by cytochrome c release into the cytosol and 
disruption of mitochondrial membrane potential (24). 
miR181-c is an important miRNA involved in mitochon-
drial oxidative metabolism and regulating mitochondrial 
energy metabolism. Overexpression of miR181c causes 
an imbalance between mitochondrial units and promotes 
the formation of ROS (25). Due to these features, miR-
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NAs are expected to be more activated than normal cell 
functions in case of mitochondrial damage, carcinogenesis 
and impaired membrane potentials. In our study, higher 
expression of MitomiR expression in hepatocellular cell 
line HepG2 due to PQQ and CoQ10 applied compared to 
the control group was considered an advantage for mito-
chondrial function and antioxidant metabolism. Combined 
administration adversely affected the expression level of 
miR181c. When the data obtained were compared within 
all drug groups, only the values obtained for miR181-c 
were found to be statistically significant. When the drug 
administrations were evaluated statistically between the 
groups, no statistically significant difference was found. It 
has been determined that the related drug applications do 
not show a common effect for the miRNAs investigated in 
the study. 

Some miRNAs (miR-192, miR-146a, miR-148a, miR-
15a and miR-21) have been reported to be upregulated in 
drug-induced liver injury. Sharon Lt et al., investigated 
the effect of CoQ10 on different biochemical biomarkers 
and miRNA (including miR15-a) expression levels in their 
study. According to the results they obtained, they detec-
ted the expression levels of miR-15a with high expression 
levels contrary to the downstream expectations. They sug-
gested that the source of miR-15a circulating in patients 
may be from other organs (26,27). However, as expected 
in our study, downregulation was detected for miR15-a in 
all three applications. 

Since there is no available research in the literature on 
investigating the effects of PQQ and CoQ10 administra-
tion on miR-16-1 and miR181c expression levels, these 
effects were revealed for the first time within the scope of 
our study. 

Within the scope of our study, we investigated the ef-
fects of PQQ and CoQ10, which are widely used due to 
their roles in antioxidant and energy metabolism, on the 
cell line in HepG2, where mitochondrial activities are in-
tense. We reported, the effects of PQQ and CoQ10 on cell 
survival, proliferation, anti-cancer activity, effects on cell 
migration, expression levels of PGC1-α, NRF-1 and NRF-
2 genes, which are vital for mitochondria, effects on the 
expression level of the NF-κB gene, which is an important 
apoptosis marker and is critical for antioxidant metabolism 
and finally effects on the changes in expression levels of 
3 important miRNAs (miR-16-1, miR-15a and miR181c) 
that we have chosen for their importance for cancer and 
being mitochondrial miRNA (MitomiR). We demonstra-
ted the effect of PQQ and CoQ10 on cellular properties as 
well as their effect on important and relevant mRNA and 
miRNA expression levels. 

As a result, if the data we obtained are evaluated in 
terms of anti-cancer effectiveness, CoQ10 and PQQ are 
two different supplements that can reveal very different ef-
fects when used separately or together. These interactions 
must be taken into account when products and supple-
ments containing CoQ10 and PQQ are developed. Indica-
tions of the target audience is another concept that should 
be considered. 

We have reported that PQQ supports cancer cell pro-
liferation in cell wound healing assay, so more careful 
consideration should be given to its use in cancer patients. 
In addition, detailed effects on many different cancer types 
and their cell lines should be investigated. In this respect, 
our study sheds light on new studies. CoQ10 effectively 

reduces cancer cell proliferation when used alone, conco-
mitant supplements and drugs should be used considering 
this feature. 

PQQ and CoQ10 administration has important effects 
on the PGC1-α gene and therefore on mitochondrial 
biogenesis. We report data inconsistent with the literature 
for PQQ and CoQ10 administration NRF-1 and NRF-2. 
The effects of PQQ and CoQ10 administration on NRF-
1 and NRF-2 gene expression should be investigated on 
different cell lines. According to the results of the investi-
gation of PQQ and CoQ10 NFκB gene expression levels in 
the HepG2 cell line, especially PQQ should be used with 
clinical caution in cancer patients. In addition, this activity 
can be investigated in vivo, opening the door to new re-
search. Our study has created new focus areas where ERR 
α, β, γ and PPARγ, Sirtuin (SIRT1 and SIRT3) combined 
with NRF-1, NRF-2, PGC-1α and NFκB genes can be in-
vestigated in studies investigating mitochondrial function, 
mitochondrial biogenesis and free radicals in mitochon-
dria. 

In our study, we reported the changes in expression le-
vels as a result of exposure to PQQ and CoQ10 for the first 
time, as expected for miR-15a, and for the first time in the 
literature for miR-16-1 and miR181c. The use of PQQ and 
CoQ10 is effective on epigenetic factors, miR-15a, miR-
16-1 and miR181c are important candidate biomarkers in 
hepatocellular carcinoma and diseases accompanied by 
mitochondrial dysfunction. 
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