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Effects of different combined
regimens of cisplatin, metformin,
and quercetin on nasopharyngeal
carcinoma cells and subcutaneous
xenografts

Zhongwei Chen?, Zhen Zeng?, Shanshan Zhu?, Ying Zeng?, Qihuang Lin?, Lianzhong Luo? &
Xuan Hong'*

Cisplatin, metformin, and quercetin are all reliable anticancer drugs. However, it is unclear how
effective their different combination regimens are on the growth of nasopharyngeal carcinoma cell
line Sune-1 and subcutaneous xenograft in nude mice. This study evaluated the effects of single-
drug, two-drug, and three-drug simultaneous or sequential combined application of these drugs on
the growth of Sune-1 cells and subcutaneous xenograft tumors in nude mice. The results showed
that the different combination regimens of cisplatin, metformin and quercetin all had significant
inhibitory effects on the proliferation of Sune-1 cells and the growth of subcutaneous xenografts in
nude mice (P<0.01), and the inhibition rate of the three drugs simultaneous combined application
was significant Higher than the two-drug combination or single-drug application (P <0.05), the
contribution level of each drug in the three-drug combination application from high to low were
cisplatin > metformin > quercetin. In summary, our results indicate that the simultaneous combination
of cisplatin, metformin, and quercetin may synergistically inhibit the growth of Sune-1 cells and
subcutaneous xenografts in nude mice through their different anticancer mechanisms, which

may be clinically refractory and provide reference for chemotherapy of patients with recurrent
nasopharyngeal carcinoma.

Nasopharyngeal carcinoma (NPC) is a unique type of head and neck carcinoma, which is common in Southeast
Asia and southern China, where it brings significant economic pressure and health burden’. In routine clinical
therapy, radiotherapy is the most commonly used method, followed by chemotherapy. Cisplatin is a commonly
used prototype platinum-based chemotherapeutic drug that plays an important role in the therapy of carcinoma,
it has been used for 50 years so far>*. However, in the procedure of chemotherapy, cisplatin therapy has serious
poison and side effects such as ototoxicity, nephrotoxicity, cardiotoxicity and neurotoxicity, etc., and its clini-
cal application is greatly restricted*. Therefore, the exploitation and utilization of new chemotherapeutic drugs
and the research and application of new combined chemotherapy regimens, thereby reducing the poison and
side effects of chemotherapeutic drugs and improving the therapeutic effect of patients with nasopharyngeal
carcinoma are urgent problems to be solved.

Metformin (1,1-Metformin Hydrochloride, Met) is considered an insulin sensitizer and can reduce insulin
resistance by restoring insulin sensitivity’. However, some studies have shown that metformin also has anti-tumor
effects in vivo and in vitro. Saeki et al. found that metformin can achieve anti-tumor effects by activating AMPK
and inhibiting mTOR®. Pabona et al. found that metformin acts directly in endometrial cancer cells, which can
prevent endometrial cancer by modifying the expression and signal network of sterol receptors’. In addition,
some studies have found that metformin combined with cisplatin can increase the inhibitory effect on cancer. For
example, Lee et al. found that metformin can enhance the therapeutic effect of cisplatin on triple-negative breast
cancer through the expression of RAD518. Moro et al. found that metformin and cisplatin can synergistically
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resist KRAS/LKB1 co-mutant tumors, and may prevent or delay the onset of cisplatin resistance by targeting
CD,;;5* cancer stem cells’. Quercetin belongs to flavonoids and is widely distributed in a variety of vegetables
such as onions, ginger, celery, etc., fruits such as apples, strawberries, etc., and Chinese herbal medicines such
as ginkgo, notoginseng, sophora, etc'’. Some studies have proved that quercetin has significant anti-tumor
activity, which can inhibit cancer cell proliferation, induce cancer cell apoptosis, interfere with cancer cell cycle
and signal transduction pathways, and reverse cancer cell multidrug resistance'’. Similarly, some studies have
shown that the combined use of quercetin and cisplatin can also significantly increase the inhibitory effect on
cancer. For example, Xin Li and other studies have found that the combined use of quercetin and cisplatin can
inhibit the phosphorylation of Akt and IKKp, and cause Inhibition of NF-«kB and anti-apoptotic protein xIAP,
thereby inhibiting the growth of oral squamous cell carcinoma in mice'>. Zhao et al. found that quercetin has
inhibitory activity on hepatocellular carcinoma cells through p16-mediated cell cycle arrest and apoptosis, and its
combination with cisplatin has a synergistic inhibitory effect in inhibiting cell growth and inducing apoptosis'.
However, whether the combined chemotherapy of metformin, quercetin and cisplatin can improve the efficacy
of nasopharyngeal carcinoma has not been discussed. Therefore, we used the Cell Counting Kit-8 (CCK-8) to
evaluate the effects of different combined regimens of cisplatin, metformin, and quercetin on the proliferation
of Sune-1 cells, as well as the effects on human nasopharyngeal carcinoma subcutaneous xenografts, to provide
a theoretical reference for the chemotherapy of patients with clinically refractory and recurrent nasopharyngeal
carcinoma.

Methods

Cell culture. Human nasopharyngeal carcinoma cell line Sune-1 was purchased from ATCC(American type
culture collection). Sune-1 cells were cultured in DMEM medium (ThermoFisher, USA) containing 10% fetal
bovine serum (ThermoFisher, USA), 100 U/mL penicillin and 100 U/mL streptomycin. Cells were maintained
in a humid atmosphere with 5% CO, at 37 °C.

Drug treatment. Cisplatin, quercetin and metformin were purchased from Sigma Biological Company
(USA). Based on the reported plasma peak concentration (PPC) and pre-experiment results, the concentration
gradient of cisplatin, metformin, and quercetin was determined as follows: cisplatin'* was 0, 0.25,0.5, 1,2, 4, 6, 8,
10, 12 pg/mL, metformin'® was 0, 0.25, 0.5, 1, 2, 4, 6, 8, 10, 12 mmol/L, and quercetin'® was 0, 10, 20, 30, 40, 50,
60, 70, 80, 90 pmol/L. When the drugs was applicated in combination, the low, medium and high concentrations
were set according to the IC;, values of cisplatin, metformin and quercetin, which were expressed as: CDDP-L,
CDDP-M, CDDP-H, Met-L, Met M, Met-H, Qu-L, Qu-M, Qu-H.

CCK-8 assay. Sune-1 cells were cultured in EMDM medium containing 10% FBS, and digested with 0.25%
trypsin to make a cell suspension of 1x10° cells/mL. 200 pL of cell suspension per well was inoculated into
96-well plates, and cultured in an incubator at 37 °C, 5% CO, saturation humidity for 24 h, then a series of
concentrations of cisplatin, metformin and quercetin were added to the 96-well plates to determine the cell pro-
liferation. The experiment was divided into a blank group, a control group and a drug treatment group. The drug
treatment group was further divided into: (1) single-drug group: low-concentration, medium-concentration and
high-concentration of cisplatin, metformin and quercetin were added separately; (2) The two-drug combination
group, including simultaneous combined application and sequential combined application, the optimal medica-
tion order of the two-drug combination was determined first, and then the optimal administration concentra-
tion was determined, the different combination regimens are shown in Fig. 2 and Table 2; (3) The three-drug
combination group was divided into simultaneous combined application and sequential combined application.
The different combinations are shown in Fig. 3.

100 pL of each concentration of the drug was added in the single-drug group. In the two-drug combination
group, after concentrating the two drugs twice, add 50 pL each to keep the drug concentration and volume
in each well consistent. And in the three-drug combination group, after concentrating the drugs 4 times, add
25 pL each, and then add 25 pL mediums to keep the drug concentration and volume consistent. After being
cultured in a 37 °C 5% CO, incubator for 48 h, add 10 pL of CCK-8 reagent to each well and continue culturing
for 4 h. The optical density value of each well at a wavelength of 450 nm was determined by a fully automatic
microplate reader (ThermoFisher, USA ). The cell suppression rate was calculated, the formula!” is: cell inhibition
rate = [(control group-drug treatment group)/(control group-blank group)] x 100%.

Evaluation of combined application of two drugs. Fractional product concept (fp value)'® was used
to evaluate the property of the interaction between the two drugs, fp value=1,,,/(I, +1,—1, xI,), where I, ,: the
average cell inhibition rate of the combined effect of the two drugs, I, and I,: The average inhibition rate of the
drug acting alone. If the fp value is greater than 1, the action of the two drugs is synergistic; if the fp value is 1,
the action of the two drugs is additive; if the fp value is less than 1, the action of the two drugs is antagonistic.

L16 (4°) orthogonal experiment. Based on the ICs, values of cisplatin, metformin, and quercetin, set
4 levels of 0, low, medium, and high concentrations, respectively, and select the orthogonal array of L16(4%)
according to the number and level of parameters, as shown in Table 3. The concentration of cisplatin varied from
0 to 8.6 pg/mL, metformin varied from 0 to 8.7 mmol/L, and quercetin varied from 0 to 73 pmol/L. According
to the combined form in the orthogonal array, the combination of three drugs was separately prepared to further
act on Sune-1 cells, and CCK-8 was used to determine the cell inhibition rate. In order to analyze the optimized
combination of three drugs and the contribution level of the three drugs.
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Figure 1. lg drug concentration-cell inhibition rate curve of different drugs on Sune-1 cells. (A) cisplatin, (B)
metformin, (C) quercetin.

Construction of subcutaneous xenograft tumor model.  SPF grade 8-week-old male BALB/c nude
mice, weighing 16-18 g, were purchased from Xiamen University Animal Experiment Center (License number:
SYXK(min)2018-0009), and were raised under the condition of no specific pathogens in the Xiamen University
Animal Experiment Center. All animals were kept in a pathogen-free environment and fed ad lib. The proce-
dures for care and use of animals were approved by the Ethics Committee of the Xiamen University and all
applicable institutional and governmental regulations concerning the ethical use of animals were followed. These
animals were allowed to adapt to the living conditions for 5 days before the experiment, then Sune-1 cells in the
logarithmic growth phase were made into a cell suspension of 5 x 10° cells/mL and injected subcutaneously into
nude mice.

Animal grouping and intervention. After the xenograft tumor grew, 30 nude mice were randomly
divided into 5 groups for drug intervention. The grouping was as follows: A: control group, intraperitoneal
injection of normal saline every 12 h; B: cisplatin group, intraperitoneal injection of cisplatin (0.1 g/mL) fol-
lowed by injection of normal saline 12 h later; C: quercetin group, Intraperitoneal injection of quercetin (2.5 g/
mL) followed by injection of normal saline 12 h later; D: Cisplatin — metformin group, intraperitoneal injec-
tion of cisplatin (0.1 g/mL) followed by metformin (1.5 g/mL) 12 h; E: quercetin + cisplatin + metformin group,
intraperitoneal injection of a mixture of quercetin (2.5 g/mL), cisplatin (0.1 g/mL) and metformin (1.5 g/mL),
injection of normal saline 12 h. Each group was administered once a day, 100 uL/nude mouse, for 5-8 days.
During the experiment, the maximum diameter (LD) and minimum diameter (SD) of the tumor were meas-
ured every 3 days, and the calculation formula' of tumor volume (V)=LD x SD?x0.52, tumor growth rate,
and tumor growth inhibition rate (TGI) were calculated. Compare and analyze the difference of single-drug,
two-drug combination and three-drug combination. Calculation formula of tumor growth rate = tumor volume
in treatment group / tumor volume in the control group x 100%, tumor growth inhibition rate calculation for-
mula = 1-tumor growth rate®.

Statistical analysis. SPSS 13.0 was used for statistical processing, pairwise comparison was performed by
t test analysis, and comparison between groups was by one-way ANOVA. P<0.05 was considered statistically
significant.

Results
Anti-proliferation effect of single drug on Sune-1 cells. The proliferation inhibitory effect of differ-
ent concentrations of cisplatin, metformin, and quercetin on Sune-1 cell line was determined by CCK-8 experi-
ment. The results showed that the inhibitory effects of cisplatin, metformin, quercetin on Sune-1 cells increased
with increasing concentration. Figure 1 shows the ICy, values of these three drugs on Sune-1 are 7.612 ug/mL,
7.691 mmol/L, and 62.76 pmol/L, among which cisplatin has the lowest ICs, value on Sune-1 cells, indicating
that Sune-1 cells are sensitive to cisplatin, the degree is stronger than the other two drugs, followed by quercetin.
According to the IC;, values of cisplatin, metformin, and quercetin, set the low, medium, high concentration,
respectively as follows: CDDP-L, CDDP-M, and CDDP-H are 3.3, 7.6, and 8.6 ug/mL; Met-L, Met-M, Met-H are
3.4,7.7,and 8.7 mmol/L; Qu-L and Qu-M, Qu-H are 53, 63, and 73 umol/L, respectively. Furthermore, the effect
of a single drug on Sune-1 was determined, the results showed that, compared with the control group, cisplatin,
metformin, and quercetin alone had a significant inhibition on Sune-1 cells (P<0.01). And the higher concen-
tration of the drug, the higher inhibitory effect of the drug on Sune-1 cell (P<0.05) and the cell inhibition rate
of different drugs at the same concentration level had no significant difference (P>0.05) (as shown in Table 1).

The anti-proliferation effect of two-drug combined application on Sune-1 cells.  The anti-prolif-
eration effect of CDDP-M and Met-M or Qu-M on Sune-1 cells under different medication sequence conditions
has been determined by the CCK-8 assay. Figure 2 shows that: compared with the control group, the combina-
tion of the two drugs has a significant inhibitory effect on Sune-1 cells (P<0.01). The inhibitory effect of the
combined application of CDDP-M and Met-M is significantly better than that of the combined application of
CDDP-M and Qu-M (P<0.05), of which the sequential combination of CDDP-M — Met-M is the highest (As
shown in Fig. 2). Therefore, we initially chose the CDDP — Met sequential combination method for follow-up
research.
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Treatment | Absorbance Cell inhibition (%)
Control 0.909+0.005 a 0.0+0.6d
CDDP-L 0.659+0.029b | 27.5+3.5¢
CDDP-M 0.501+0.013¢c |44.8+1.8b
CDDP-H 0.287+0.001d |68.4+1.1a

Met-L 0.663+0.022b |27.0+2.8¢
Met-M 0.478+0.056 ¢ | 47.4+£6.2b
Met-H 0.282+0.020d | 69.0£2.2a
Qu-L 0.642+0.026b | 29.3+£3.2¢
Qu-M 0.465+0.036 ¢ | 48.9t4.3b
Qu-H 0.299+0.022d |67.1£2.8a

Table 1. The effect of single drug on Sune-1 cell proliferation.

100+

Cell inhibition (%)

Treatment

Figure 2. Effect of different combined application order of cisplatin and metformin, or quercetin on the
proliferation of Sune-1 cells.

Treatment Absorbance | Cell inhibition (%) | fp

Control 0.855+0.062

CDDP-L— Met-L 0.532+0.006 |38.2+0.7¢g 0.81+£0.07 A
CDDP-L — Met-M 0.304+0.008 | 64.6+£0.9b 1.06+0.13*
CDDP-L— Met-H 0.422+0.008 |50.9+0.9 de 0.66+0.03 A
CDDP-M — Met-L 0.407+£0.002 |52.7+0.2d 0.88+0.02 A
CDDP-M — Met-M 0.445+0.006 |48.3+0.7e¢ 0.68+0.04 A
CDDP-M — Met-H 0.239+0.006 |72.2+0.7a 0.87+0.03 A
CDDP-H — Met-L 0.475+0.021 |43.6+2.5f. 0.57+0.04 A
CDDP-H — Met-M 0.353+0.013 |57.8%x1.5¢ 0.69+0.05 A
CDDP-H — Met-H 0.361+£0.034 | 56.8+4.0c 0.63+0.06 A

Table 2. Effects of different concentrations of cisplatin and metformin on the proliferation of Sune-1 cells. A
indicates that the combined effect of the two drugs is antagonistic; * indicates that the combined effect of the
two drugs is synergistic.

The effect of sequential application of different concentrations of cisplatin and metformin on Sune-1 cells
was further determined. The results show that the sequential combination of different concentrations of cisplatin
and metformin all have significant inhibitory effects on Sune-1 cells (P <0.01), which is significantly better than
that of single drug on Sune-1 cells (P <0.05), where the sequential combination of CDDP-M and Met-H has the
greatest inhibitory effect on Sune-1 cells. In terms of the combined effect of the two drugs, the sequential com-
bination of CDDP-L and Met-M shows a good synergistic effect on the inhibition of Sune-1, and the combined
application of the other groups all show antagonism (as shown in Table 2).
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Figure 3. Effect of different combined application order of cisplatin, metformin, and quercetin on the
proliferation of Sune-1 cells.

Treatment | CDDP | Met | Qu | Cell inhibition (%)
1 1 1 1 3.6+53h

2 1 2 2 233%119¢g

3 1 3 3 31.5+7.3¢g

4 1 4 4 47.7+1.0 ef

5 2 1 2 435+2.8f.

6 2 2 1 47.8+10.0 ef
7 2 3 4 61.85+4.3 cd

8 2 4 3 51.9+11.4 def
9 3 1 3 55.0+1.9 de
10 3 2 4 55.0+5.9 de
11 3 3 1 67.5+2.8 bc
12 3 4 2 67.4+8.3 bc
13 4 1 4 69.6+4.7 abc
14 4 2 3 69.3+£2.9 abc
15 4 3 2 79.1+0.6a

16 4 4 1 73.4%3.6 ab

Table 3. L16 (4°) orthogonal scheme and results of cisplatin, metformin and quercetin combination. The

4 levels of each drug are as follows: CDDP 1=0.0, CDDP 2=3.3, CDDP 3=7.6 and CDDP 4=8.6 (ug/mL).
Met 1=0.0, Met 2=3.4, Met 3=7.7 and Met 4=8.7 (mmol/L). Qu1=0.0, Qu2=53,Qu3=63 and Qu4=73
(umol/L).

Anti-proliferation effect of three-drug combined application on Sune-1 cells. The CCK-8
experiment was used to determine the effects of CDDP-M, Met-M and Qu-M simultaneous and sequential
combined application on the proliferation of Sune-1 cells. The results show that: CDDP-M, Met-M, and Qu-M
combined application regimens all have significant inhibitory effects on Sune-1 cells (P<0.01); Moreover, the
anti-proliferation effect of the simultaneous combined application of the three drugs on Sune-1 cells significantly
better than the sequential combination (P <0.05) (as shown in Fig. 3). Therefore, we preliminarily chose the dos-
ing method of simultaneous application of cisplatin, metformin and quercetin for subsequent research.

The L16(4°) orthogonal experiment was used to determine the optimal concentration level of the combination
of these three drugs and the contribution level of each drug action. The results show that the combination of
cisplatin, metformin, and quercetin at different concentration levels has a significant inhibitory effect on Sune-1
cells, and it is significantly better than the single drug and the combination of two drugs on the cell. Among them,
the combination of CDDP-H, Met-M, and Qu-L has the greatest inhibitory effect on the proliferation of Sune-1
cells (79.1%) (as shown in Table 3). Further, by calculating the range of the test index under various factors and
levels, the results show that the range corresponding to cisplatin is the largest and quercetin is the smallest. It
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Level K k R
CDDP 1 1059 |26.5
CDDP 2 205.1 |51.3
46.2
CDDP 3 2449 |61.2
CDDP 4 2914 | 729
Met 1 171.7 | 429
Met 2 195.3 | 48.8
17.2
Met 3 240.0 | 60.0
Met 4 240.4 |60.1
Qul 1923 | 48.1
Qu2 152.5 |38.1
9.9
Qu3 153.0 |38.3
Qu4 171.9 | 43.0

Table 4. Range analysis of L16 (4°) orthogonal test. K represents the data sum of the test index under each
factor and level; k represents the average value of the test index under each factor and level; R represents the
extreme value.

shows that when these three drugs are used together, the contribution of cisplatin is the largest, and quercetin
is the smallest (as shown in Table 4).

Inhibitory effect of different combined regimens of cisplatin, metformin, and quercetin on
xenograft tumors. At the animal level, through the establishment of a subcutaneous xenograft nude mouse
model and different drug treatments, the differences in tumor volume, relative tumor growth rate and rela-
tive tumor growth inhibition rate of nude mouse with different drug dosing regimens have been analyzed. The
results show that there is no significant difference in tumor size between nude mice before injection of the drugs
(P>0.05), suggesting that the tumors in each group were comparable. After the treatment, the relative tumor
volumes of the CDDP group, Qu group, CDDP + Met group, and CDDP + Met + Qu group are 1.7, 2.2, 1.4, and
1.2 cm?, respectively, compared with the control group (2.5 cm®) There is a significant difference (P<0.05), and
the tumor volume of the CDDP + Met + Qu group is significantly lower than that of other experimental groups
(as shown in Fig. 4A-D). From the analysis of the relative growth inhibition rate of tumors, compared with the
control group, the drug-treatment groups all show significant anti-tumor effects. The tumor growth inhibition
rate of each drug-treatment group from high to low was CDDP + Met + Qu group > CDDP + Met group > CDDP
group > Qu group (as shown in Fig. 4E). It can be seen that the combination of cisplatin, metformin, and querce-
tin is an effective combination of chemotherapy.

Discussion

The 5-year overall survival rate of patients with nasopharyngeal carcinoma is still only about 65%. At the same
time, the incidence of local recurrence and distant metastasis is still high, 19% and 20%, respectively?'. Therefore,
it is necessary to find new medications to improve the survival rate of patients with nasopharyngeal carcinoma.
Many studies have shown that combination therapies composed of anticancer drugs and drugs with different
mechanisms of action can produce synergistic effects and are generally more effective than monotherapy***. In
this experiment, we observed that the combination of cisplatin and metformin, or quercetin has a good inhibitory
effect on Sune-1 cells, and that cisplatin and metformin have a good synergistic effect under certain concentration
conditions, which may be The different mechanisms of action of the two drugs are related.

Cisplatin is a complex of transition metal elements with a planar square structure, which has the character-
istics of the broad anticancer spectrum, strong effect, and synergistic effect with various antitumor drugs®. Due
to the low concentration of Cl” in the cytoplasm, after cisplatin enters tumor cells, first two Cl~ are replaced by
the OH", and then OH" is replaced by the nitrogen-containing base in the DNA molecular chain. Cisplatin and
cancer cell DNA molecules The N7 atom of guanine and adenine inside complexes to form intra-chain com-
pounds or inter-chain compounds, thereby preventing the replication of cancer cell DNA?. In addition, some
studies have shown that mitochondrial DNA may be one of the important pharmacological targets of cisplatin.
Due to the lack of histone mitochondrial DNA and cisplatin to form a complex, the mitochondria cannot com-
plete nucleotide excision repair, resulting in the death of cancer cells?. In addition, some studies have shown
that there are multiple targets for the inhibition of cisplatin on nasopharyngeal carcinoma cells, such as: KRAS?,
Rsf-1%, BEX3%, PTEN?, etc.

Metformin is a classic anti-diabetic drug, which has been increasingly found to have inhibitory or preven-
tive effects on tumors in recent years®'. Studies have shown that metformin can reduce the resistance of naso-
pharyngeal cancer cells by inhibiting the DNA damage repair pathway and further inhibit its growth*. Secondly,
metformin can directly activate adenosine monophosphatase-activated protein kinase pathway by reducing
insulin-like growth factor levels, inhibit insulin signaling, thereby reducing tumor glucose supply and playing a
role in inhibiting tumor growth*. Another anti-tumor mechanism of metformin is that it can inhibit the expres-
sion of MALAT1 and induce the expression of miR-142-3P, destroying the MALAT1/miR-142-3p cavernous
body in the nucleus of cancer cells, resulting in the release of miR-142-3p into the cytoplasm, Combined with
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Figure 4. The effect of different combined regimens of cisplatin, metformin, and quercetin on the growth of
xenograft tumor. (A, B) Growth of xenograft tumors in nude mouse after 8 times of dosing, (C) Tumor volume
at different dosing time, (D) relative tumor growth rate at different dosing times, (E) tumor growth inhibition at
different dosing time.

HMGA2 3'UTR, finally inhibited the invasion and migration of cancer cells*. In addition, in studies related to
nasopharyngeal carcinoma, it was found that metformin can act on multiple cellular targets to achieve the effect
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of inhibiting nasopharyngeal carcinoma cells, such as AMPK®, E-cadherin®, MMP-9%, PECAM-1%, etc. This
shows that metformin has a synergistic effect on chemotherapy for cancer.

Quercetin is a flavonoid compound widely present in plants and food. In recent years, its chemopreventive
and therapeutic effects on cancer have gradually been recognized and attracted widespread attention. Studies have
shown that quercetin has both anti-carcinogenic, anti-cancer and differentiation-inducing effects®. By changing
the gene expression and activity of metabolic enzymes such as cytochrome p4501A1, quercetin can inhibit the
activation of carcinogens, or by inhibiting the level of mRNA and protein of cyclooxygenase-2, thereby reducing
cell damage and cancer action, which has Preventive effect***°. In addition, in the treatment of cancer, quercetin
can induce tumor cell apoptosis, regulate tumor cell cycle, interfere with tumor cell signaling pathways, act on
estrogen receptors, inhibit tumor angiogenesis, inhibit tumor growth and metastasis, Enhance the sensitivity of
anti-cancer drugs to tumor cells and reverse the resistance of anti-cancer drugs*. In addition, studies have shown
that quercetin can also interfere with the occurrence and development of nasopharyngeal carcinoma through
multiple cellular targets, such as EGF**, NF-kb*?, HSP70/HSP90*, AMPK*, etc. In summary, quercetin has a
significant synergistic effect in cancer chemotherapy.

In order to study the optimal combination of cisplatin and metformin, we designed a sequential combination
of different orders and different doses. We found that the sequential combination of cisplatin and metformin
in small doses showed good synergy, indicating that small doses Metformin has a certain sensitizing effect on
cisplatin, which suggests that in the clinical application of the two drugs, the combination of higher doses is not
better. This low-dose sequential chemotherapy regimen is beneficial under the premise of ensuring the efficacy. It
can alleviate toxic and side effects, have a better tolerance, and provide an experimental basis for clinical applica-
tion. However, whether the sequential application of cisplatin to metformin combined chemotherapy can achieve
better benefits for patients with nasopharyngeal carcinoma and the optimal sequential combined dose is worthy
of further study. The synergistic mechanism of this sequential combination is still unclear. To be further studied.

In this experiment, the combination of cisplatin, metformin, and quercetin showed strong antitumor activity,
which is significantly better than the combination of two drugs and single drug, suggesting that the combination
of three drugs will become a highly effective chemotherapy for nasopharyngeal carcinoma regimen. A number of
studies have shown that the combination of three drugs with significant synergistic effects will have a significant
improvement in the efficacy of single drugs or second drugs. For example: Huang Lin et al., have found that the
use of cisplatin, paclitaxel, and fluorouracil in the treatment of distant metastatic nasopharyngeal carcinoma is
more effective and has a higher tolerance for adverse reactions®’. Ge et al., have found that in clinical studies,
cisplatin the combination of epirubicin and fluorouracil for the treatment of nasopharyngeal carcinoma has
a higher efficacy, and its main toxic side effect-hematological toxicity WBC is significantly reduced, and the
remaining toxic side effects are not serious*. This suggests that the combined application of cisplatin, metformin,
and quercetin is a potential chemotherapy for the treatment of nasopharyngeal carcinoma, and the combined
application of the three can complement each other to enhance the anti-tumor effect. This experiment shows that
the contribution levels of the three drugs in the combined application of the three drugs are cisplatin, metformin,
and quercetin from high to low, which provides a theoretical basis for the optimal dose distribution of the three
drugs in the subsequent clinical research.

Data availability
No additional data are available.

Received: 18 May 2020; Accepted: 15 December 2020
Published online: 13 January 2021

References
1. Chen, Y. P. et al. Nasopharyngeal carcinoma. Lancet 394, 64-80. https://doi.org/10.1016/S0140-6736(19)30956-0 (2019).
2. Chen, J. et al. Radiation induced temporal lobe necrosis in patients with nasopharyngeal carcinoma: a review of new avenues in
its management. Radiat. Oncol. 6, 128. https://doi.org/10.1186/1748-717X-6-128 (2011).
3. Sun, C. Y, Zhang, Q. Y,, Zheng, G. ]. & Feng, B. Phytochemicals: Current strategy to sensitize cancer cells to cisplatin. Biomed.
Pharmacother. 110, 518-527. https://doi.org/10.1016/j.biopha.2018.12.010 (2019).
4. Sheth, S., Mukherjea, D., Rybak, L. P. & Ramkumar, V. Mechanisms of cisplatin-induced ototoxicity and otoprotection. Front. Cell
Neurosci. 11, 338. https://doi.org/10.3389/fncel.2017.00338 (2017).
5. Macut, D., Bjeki¢-Macut, J., Raheli¢, D. & Dokni¢, M. Insulin and the polycystic ovary syndrome. Diabetes Res. Clin. Pract. 130,
163-170. https://doi.org/10.1016/j.diabres.2017.06.011 (2017).
6. Saeki, K. et al. Anti-tumour effect of metformin in canine mammary gland tumour cells. Vet. J. 205, 297-304. https://doi.
0rg/10.1016/j.tvjl.2015.04.026 (2015).
7. Pabona, J., Burnett, A., Brown, D. & Simmen, R. Metformin promotes anti-tumor biomarkers in human endometrial cancer cells.
Reprod. Sci. 27, 267-277. https://doi.org/10.1007/s43032-019-00019-2 (2020).
8. Lee, J., Kang, M., Byun, W. & Kim, H. Metformin overcomes resistance to cisplatin in triple-negative breast cancer (TNBC) cells
by targeting RAD51. Breast Cancer Res. 21, 115. https://doi.org/10.1186/s13058-019-1204-2 (2019).
9. Moro, M., Caiola, E., Ganzinelli, M. & Garassino, M. Metformin enhances cisplatin-induced apoptosis and prevents resistance to
cisplatin in co-mutated KRAS/LKB1 NSCLC. J. Thorac. Oncol. 13, 1692-1704. https://doi.org/10.1016/j.jtho.2018.07.102 (2018).
10. Suganthy, N., Devi, K. P, Nabavi, S. E, Braidy, N. & Nabavi, S. M. Bioactive effects of quercetin in the central nervous system:
Focusing on the mechanisms of actions. Biomed. Pharmacother. 84, 892-908. https://doi.org/10.1016/j.biopha.2016.10.011 (2016).
11. Kashyap, D., Mittal, S., Sak, K., Singhal, P. & Tuli, H. S. Molecular mechanisms of action of quercetin in cancer: recent advances.
Tumour Biol 37, 12927-12939. https://doi.org/10.1007/s13277-016-5184-x (2016).
12. Li, X,, Guo, S., Xiong, X. & Wang, J. Combination of quercetin and cisplatin enhances apoptosis in OSCC cells by downregulating
xIAP through the NF-«B pathway. J. Cancer 10, 4509-4521. https://doi.org/10.7150/jca.31045 (2019).
13. Zhao, J., Zhao, J. & Jiao, H. Synergistic growth-suppressive effects of quercetin and cisplatin on HepG2 human hepatocellular
carcinoma cells. Appl. Biochem. Biotechnol. 172, 784-791. https://doi.org/10.1007/s12010-013-0561-z (2014).

Scientific Reports |

(2021) 11:1040 | https://doi.org/10.1038/s41598-020-80198-0 nature research


https://doi.org/10.1016/S0140-6736(19)30956-0
https://doi.org/10.1186/1748-717X-6-128
https://doi.org/10.1016/j.biopha.2018.12.010
https://doi.org/10.3389/fncel.2017.00338
https://doi.org/10.1016/j.diabres.2017.06.011
https://doi.org/10.1016/j.tvjl.2015.04.026
https://doi.org/10.1016/j.tvjl.2015.04.026
https://doi.org/10.1007/s43032-019-00019-2
https://doi.org/10.1186/s13058-019-1204-2
https://doi.org/10.1016/j.jtho.2018.07.102
https://doi.org/10.1016/j.biopha.2016.10.011
https://doi.org/10.1007/s13277-016-5184-x
https://doi.org/10.7150/jca.31045
https://doi.org/10.1007/s12010-013-0561-z

www.nature.com/scientificreports/

14.

15.

16.

17.

18.

19.

20.
21.
22.
23.
24.
25.
26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Li, D, Ye, L., Lei, Y., Wan, J. & Chen, H. Downregulation of FoxM1 sensitizes nasopharyngeal carcinoma cells to cisplatin via
inhibition of MRN-ATM-mediated DNA repair. BMB Rep. 52, 208-213. https://doi.org/10.5483/BMBRep.2019.52.3.249 (2019).
Sun, X. J. et al. Cisplatin combined with metformin inhibits migration and invasion of human nasopharyngeal carcinoma cells by
regulating E-cadherin and MMP-9. Asian Pac. J. Cancer Prev. 15, 4019-4023. https://doi.org/10.7314/apjcp.2014,15(9),pp.4019
(2014).

Zhang, E, Cui, Y. & Cao, P. Effect of quercetin on proliferation and apoptosis of human nasopharyngeal carcinoma HEN1 cells.
Huazhong Univ. Sci. Technol. Med. Sci. 28, 369-372. https://doi.org/10.1007/s11596-008-0333-0 (2008).

Shafaee, A. et al. Induction of apoptosis by a combination of 2-deoxyglucose and metformin in esophageal squamous cell carcinoma
by targeting cancer cell metabolism. Iran J. Med. Sci. 44, 99-107 (2019).

Tsunoda, T. et al. In vitro augmentation of antitumor effect in combination with CPT-11 and CDDP for human colorectal cancer.
J. Surg. Oncol. 73, 6-11 (2000).

Morgan, M. ], Lurie, D. M. & Villamil, A. J. Evaluation of tumor volume reduction of nasal carcinomas versus sarcomas in dogs
treated with definitive fractionated megavoltage radiation: 15 cases (2010-2016). BMC Res. Notes 11, 70. https://doi.org/10.1186/
$13104-018-3190-3 (2018).

Chen, T., Yuan, S. J., Wang, J. & Hu, W. Mechanism of QHF-cisplatin against hepatocellular carcinoma in a mouse model. World
J. Gastroenterol. 21, 10126-10136. https://doi.org/10.3748/wjg.v21.i35.10126 (2015).

Mao, C. G. et al. Statistics and analysis of survival rate and prognosis of patients with nasopharyngeal carcinoma after treatment.
Chin. J. Otorhinolaryngol. 5, 386-389 (2015).

Snima, K. S., Nair, R. S., Nair, S. V., Kamath, C. R. & Lakshmanan, V. K. Combination of anti-diabetic drug metformin and boswellic
acid nanoparticles: A novel strategy for pancreatic cancer therapy. J. Biomed. Nanotechnol. 11, 93-104. https://doi.org/10.1166/
jbn.2015.1877 (2015).

Webster, R. M. Combination therapies in oncology. Nat. Rev. Drug Discov. 15, 81-82. https://doi.org/10.1038/nrd.2016.3 (2016).
Rancoule, C. et al. Les 50 ans du cisplatine (50th anniversary of cisplatin). Bull Cancer 104, 167-176. https://doi.org/10.1016/j.
bulcan.2016.11.011 (2017).

Todd, R. C. & Lippard, S. J. Inhibition of transcription by platinum antitumor compounds. Metallomics 1, 280-291 (2009).
Perez, R. P. Cellular and molecular determinants of cisplatin resistance. Eur. J. Cancer 34, 1540-1542 (1998).

Zhang, Y., Zhao, Y, Liu, L. & Li, C. MicroRNA-19b promotes nasopharyngeal carcinoma more sensitive to cisplatin by suppressing
KRAS. Technol Cancer Res. Treat. 17, 1533033818793652. https://doi.org/10.1177/1533033818793652 (2018).

Liu, E, Tai, Y. & Ma, J. LncRNA NEAT1/let-7a-5p axis regulates the cisplatin resistance in nasopharyngeal carcinoma by targeting
Rsf-1 and modulating the Ras-MAPK pathway. Cancer Biol. Ther. 19, 534-542. https://doi.org/10.1080/15384047.2018.1450119
(2018).

Gao, W, Li, J., Chen, S. & Wong, T. BEX3 contributes to cisplatin chemoresistance in nasopharyngeal carcinoma. Cancer Med.
6(2), 439-451. https://doi.org/10.1002/cam4.982 (2017).

Zhang, P, Lu, X, Shi, Z. & Liu, H. miR-205-5p regulates epithelial-mesenchymal transition by targeting PTEN via PI3K/AKT sign-
aling pathway in cisplatin-resistant nasopharyngeal carcinoma cells. Gene 710, 103-113. https://doi.org/10.1016/j.gene.2019.05.058
(2019).

Lei, Y. et al. Metformin targets multiple signaling pathways in cancer. Chin. J. Cancer 36, 17. https://doi.org/10.1186/s40880-017-
0184-9 (2017).

Li, H. Metformin inhibits the growth of nasopharyngeal carcinoma cells and sensitizes the cells to radiation via inhibition of the
DNA damage repair pathway. Oncol. Rep. 32, 2596-2604. https://doi.org/10.3892/0r.2014.3485 (2014).

Chen, X. et al. Metformin inhibits prostate cancer cell proliferation, migration, and tumor growth through upregulation of PEDF
expression. Cancer Biol. Ther. 17, 507-514. https://doi.org/10.1080/15384047.2016.1156273 (2016).

Xia, C. et al. Metformin, a first-line drug for type 2 diabetes mellitus, disrupts the MALAT1/miR-142-3p sponge to decrease inva-
sion and migration in cervical cancer cells. Eur. J. Pharmacol. 830, 59-67. https://doi.org/10.1016/j.ejphar.2018.04.027 (2018).
Zhao, L., Wen, Z., Jia, C. & Bai, X. Metformin induces G1 cell cycle arrest and inhibits cell proliferation in nasopharyngeal carci-
noma cells. Anat Rec. 294, 1337-1343. https://doi.org/10.1002/ar.21283 (2011).

Sun, X,, Zhang, P, Li, H. & Liu, H. Cisplatin combined with metformin inhibits migration and invasion of human nasopharyngeal
carcinoma cells by regulating E-cadherin and MMP-9. Asian Pac. ]. Cancer Prev. 15, 4019-4023. https://doi.org/10.7314/apjcp
.2014.15.9.4019 (2014).

Sun, Y., Chen, X., Zhou, Y. & Wang, R. Metformin reverses the drug resistance of cisplatin in irradiated CNE-1 human nasopharyn-
geal carcinoma cells through PECAM-1 mediated MRPs down-regulation. Int. J. Med. Sci. 17, 2416-2426. https://doi.org/10.7150/
ijms.48635 (2020).

Pietta, P. G. Flavonoids as antioxidants. J. Nat. Prod. 63, 1035-1042. https://doi.org/10.1021/np9904509 (2000).

Santes-Palacios, R. et al. Human CYP1A1 inhibition by flavonoids. Toxicol. In Vitro 62, 104681. https://doi.org/10.1016/j.
iv.2019.104681 (2020).

Xiao, X. et al. Quercetin suppresses cyclooxygenase-2 expression and angiogenesis through inactivation of P300 signaling. PLoS
ONE 6, €22934. https://doi.org/10.1371/journal.pone.0022934 (2011).

Rauf, A. et al. Anticancer potential of quercetin: A comprehensive review. Phytother Res 32, 2109-2130. https://doi.org/10.1002/
ptr.6155 (2018).

Huang, D., Dai, Z., Li, W. & Yang, S. Inhibition of EGF expression and NF-«B activity by treatment with quercetin leads to sup-
pression of angiogenesis in nasopharyngeal carcinoma. Saudi J. Biol. Sci. 25, 826-831. https://doi.org/10.1016/j.5jbs.2016.11.011
(2018).

Cui, X., Yu, Z., Wang, W. & Li, L. X. Co-inhibition of HSP70/HSP90 synergistically sensitizes nasopharyngeal carcinoma cells to
thermotherapy. Integr. Cancer Ther. 11, 61-67. https://doi.org/10.1177/1534735411399900 (2012).

Su, Q.,, Peng, M., Zhang, Y. & Yang, X. Quercetin induces bladder cancer cells apoptosis by activation of AMPK signaling pathway.
Am J Cancer Res. 15(2), 498-508 (2016).

Huang, L., Yang, L. B. & Huang, S. H. Clinical analysis of combination of docetaxel, cisplatin and fluorouracil in second line treat-
ment of metastatic nasopharyngeal carcinoma. Guide of China Medicine 16, 18-19 (2018).

Ge, W. & Ly, X. H. Evaluation of lymph node response to neoadjuvant chemotherapy in untreated nasopharyngeal carcinoma.
Cancer Res. Prev. Treat. 30, 502-504 (2003).

Acknowledgements

The present study was supported by grants from the Natural Science Foundation of China (No. 31201969),
the New Century Training Programme Foundation for the Talents by Fujian Province Education Commission
(MJK201752109), and the Cultivation plan for outstanding young scientific research talents in Colleges and
universities of Fujian Province.

Competing interests
The authors declare no competing interests.

Scientific Reports |

(2021) 11:1040 | https://doi.org/10.1038/s41598-020-80198-0 nature research


https://doi.org/10.5483/BMBRep.2019.52.3.249
https://doi.org/10.7314/apjcp.2014,15(9),pp.4019
https://doi.org/10.1007/s11596-008-0333-0
https://doi.org/10.1186/s13104-018-3190-3
https://doi.org/10.1186/s13104-018-3190-3
https://doi.org/10.3748/wjg.v21.i35.10126
https://doi.org/10.1166/jbn.2015.1877
https://doi.org/10.1166/jbn.2015.1877
https://doi.org/10.1038/nrd.2016.3
https://doi.org/10.1016/j.bulcan.2016.11.011
https://doi.org/10.1016/j.bulcan.2016.11.011
https://doi.org/10.1177/1533033818793652
https://doi.org/10.1080/15384047.2018.1450119
https://doi.org/10.1002/cam4.982
https://doi.org/10.1016/j.gene.2019.05.058
https://doi.org/10.1186/s40880-017-0184-9
https://doi.org/10.1186/s40880-017-0184-9
https://doi.org/10.3892/or.2014.3485
https://doi.org/10.1080/15384047.2016.1156273
https://doi.org/10.1016/j.ejphar.2018.04.027
https://doi.org/10.1002/ar.21283
https://doi.org/10.7314/apjcp.2014.15.9.4019
https://doi.org/10.7314/apjcp.2014.15.9.4019
https://doi.org/10.7150/ijms.48635
https://doi.org/10.7150/ijms.48635
https://doi.org/10.1021/np9904509
https://doi.org/10.1016/j.tiv.2019.104681
https://doi.org/10.1016/j.tiv.2019.104681
https://doi.org/10.1371/journal.pone.0022934
https://doi.org/10.1002/ptr.6155
https://doi.org/10.1002/ptr.6155
https://doi.org/10.1016/j.sjbs.2016.11.011
https://doi.org/10.1177/1534735411399900

www.nature.com/scientificreports/

Additional information
Correspondence and requests for materials should be addressed to X.H.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports|  (2021) 11:1040 | https://doi.org/10.1038/s41598-020-80198-0 natureresearch


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Effects of different combined regimens of cisplatin, metformin, and quercetin on nasopharyngeal carcinoma cells and subcutaneous xenografts
	Methods
	Cell culture. 
	Drug treatment. 
	CCK-8 assay. 
	Evaluation of combined application of two drugs. 
	L16 (43) orthogonal experiment. 
	Construction of subcutaneous xenograft tumor model. 
	Animal grouping and intervention. 
	Statistical analysis. 

	Results
	Anti-proliferation effect of single drug on Sune-1 cells. 
	The anti-proliferation effect of two-drug combined application on Sune-1 cells. 
	Anti-proliferation effect of three-drug combined application on Sune-1 cells. 
	Inhibitory effect of different combined regimens of cisplatin, metformin, and quercetin on xenograft tumors. 

	Discussion
	References
	Acknowledgements


